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1. Introduction

1.1. Overview

WINDOW is a state-of-the-art, Microsoft Windows™-based computer program developed at Lawrence
Berkeley National Laboratory (LBNL) for use by manufacturers, engineers, educators, students, architects,
and others to determine the thermal and solar optical properties of glazing and window systems.

WINDOW capabilities include:

Calculation of whole product and glazing system U-factor, Solar Heat Gain Coefficient (SHGC), and
Visible Transmittance (Tvis)

Compatibility with the National Fenestration Rating Council and the Attachments Energy Rating
Certification procedures

Updated models for Vacuum Glazing systems

Ability to model shading devices and complex glazing systems such as

*  Venetian blinds

* Roller Shades

*  Cellular / Honeycomb shades

* Louvered Shutters

= Roller Shutters

* Awnings

»  Fritted glass

=  Storm Panels

* Applied Films

Microsoft™ Access database for storing data and results, that can be accessed outside of WINDOW
Updated algorithms consistent with ASHRAE SPC142 and 1SO15099

A Condensation Resistance Index in accordance with a draft version of NFRC 500.

A surface temperature map

Radiance rendering of the glazing system

Links to other LBNL window analysis software:

* THERM, for calculating 2-D frame and edge effects

» AERCalg, for calculating the AERC annual energy performance certification values

= Optics, for the optical properties of all user created glazing layers, laminates, and applied films.

* International Glazing Database (IGDB), for the optical properties of coated and uncoated glazing
layers and predefined laminates.

*  Complex Glazing Database (CGDB) for the optical and thermal proper






2. Quick Start

2.2. Main Screen (Window Library)
The WINDOW main screen (which is the "detail screen" of the Window Library) for defining a complete
window product, shown below, has 4 main screen areas:

»  Left hand column for buttons (such as Calc, List, Details) and other common tools
* Input values such as Name, Size, etc.

*  Graphic representation of the window. This representation has the various elements (glazing
systems, frames, and dividers) which can be selected for a particular window by clicking on the
element (this is shown in the following figures).

= Results

*  Feedback about currently selected window or window component.

Graphic representation

of window
/
Menu —> File Edit Libraries Record Tools View Help
Toolbar —P»| = L & B3 |[E.= 4 4 » M| H € 0i OH:@aAsmyIic %
List ID# 2 e
Mame Sample Glz Sys
N Mode MFRC ~
Input Hew
vaFIJues 5 - Type Fixed (picture) w| =3
Lopy
Width 1200 mm
Delete Height 1500 mm
Save Area 1.800 m2
Report Tilt 90
Dividers Environmental Conditions
NFRC 100-2010 w
Dividers
—_ Chedk glazing system compatibility
[ Awnings P
Generic 1
Display mode: Total Window Results - Normal Inddence
Mormal Click on a component to display characteristics below
Results P U-factor 2,592 W fm2+
Glazing System
SHEC 0.569
Mame  Sample GlzSys -5
. T 0.591
SHGCAT Detall D 8 Ucenter 1.917 Wim2K
c /A Mlayers 2 SC 0.738
CIU /A Area 0.398 m2 SHGC 0.685
Edge area 0.293 m2 Vic 0.741
Far Help, press F1 Engine: WinCalc Made: NFRC | NUI\*\

Feedback about selected
element (Frame, Glazing
System, or Divider)

Feedback showing the
currently selected unit
system (Sl or IP)

Feedback showing the currently
selected Simulation Engine,
Tarcog or WinCalc

Figure 2-1. Main Screen (Window Library, Detail View).
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2.3. Menu System

2. Quick Start

2.3. Menu System

There are seven menus in the WINDOW program:

File Used to open and save WINDOW databases.
Edit Used to edit information in the input fields
Libraries Used to move between the WINDOW libraries
Record Used to move between records in the WINDOW libraries, as well as calculate the results
for active records
Tools Used to activate other programs such as Optics5 and THERM5
View Used to move between the list and detailed views in the library, as well as control the
display of the toolbar and status bar
Help Used to view the program version number as well as the program Help.
Eile | Edit | Libraries |
New Ctri+M Undao Alt+Backspace | BH Window F2
A
Open... Ctrl=0O Glazing System F5
& Op & cut Shift+Delete e
Save As.. Glass F3
B2 copy Ctrl=C F
Ga Fa
Print... ctri=P | E@ Paste Ctrl=V e
) . n Frame F7
Print Preview
Delete Record H Divider Fa
Print Setup... R -
Import i | Environmental Conditions F6
Preferences ’g Shading Layer F11
1we.mdb B shade Material F12
2 Sample Windows.mdb ,r—\ fwning
3w 1_30_Chromogenics.mdb V VIG Gap
4 LouveredShutter7SDE.mdb
Exit
Record | Tools View | Help
14 Eirst Record Therm List View Help Topics
4 Previous Record Optics E Detailed View Tutorials
Mext Record ;
b Next Recor E4% Switch Units Toolbar % | About Ws..
Bl Last Record
= « | Status Bar
Compact Database = Check for updates
Save Record Alt+5 Application Look . Windows 2000
Calc Fg Office XP
Windows XP
Office 2003

Visual Studio 2005
Visual Studio 20038
Office 2007

3 Blue Style

Figure 2-2. File Menu choices.

Black Style
Silver Style

Aqua Style
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2. Quick Start

2.3. Menu System

2.3.1. File

The File menu is used to operate on WINDOW databases. The menu options are:

New

Open

Save As

Print

Print Preview
Print Setup
Preferences

List of previously
opened databases

Exit

2.3.2. Edit

Disabled

Open an existing database

Save the current database to a new name

Disabled

Disabled

Disabled

Access the Preference dialog for various program settings

The last four WINDOW databases that were opened

Close the program

The Edit menu is used to control the editing of individual fields in a record, as well as the record itself. The

menu options are:

Undo

Cut

Copy

Paste
Delete Record

Import

2.3.3. Libraries

Revert the last action to it’s previous state
Delete the highlighted information

Copy the highlighted information

Paste the previously cut or copied information
Delete the current record (when in Detail view)

Import records from another WINDOW database

The Libraries menu is used to access the libraries in the WINDOW program. The menu options are:

Window
Glazing System
Glass

Gap

Frame

Open the Window Library (in Detail view)

Open the Glazing System Library (in Detail view)
Open the Glass Library (in List view)

Open the Gap Library (in List view)

Open the Frame Library (in List view)

WINDOW 8.1 User Manual
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2.3. Menu System 2. Quick Start

Divider Open the Divider Library (in List view)
Environmetnal Open the Environmental Conditions Library (in List view)
Conditions
Shading Layer Open the Shading Layer Library (in List view)
Shade Material Open the Shade Material Library (in List view)
Awning Open the Awning Library (in List View)
VIG Gap Open the VIG Gap Library (in List View)
2.3.4. Record

The Record menu is used to move between the records in the currently open library. The menu options are:

First Record When in Detail view, go to the first record in the current library

Previous Record When in Detail view, go to the previous record in the current library

Next Record When in Detail view, go to the next record in the current library

Last Record When in Detail view, go to the last record in the current library

Save Record When in Detail view, save the changes to the record

Calc Calculate the current record (highlighted in List view or open in Detail view)
2.3.5. Tools

The Tools menu is used to start other programs in the LBNL software suite. The menu options are:

THERM Launch the THERM program
Optics Launch the Optics program
Switch Units Switch between SI and IP units

Compact Database ~ Compact the WINDOW Microsoft Access™ database. This will reduce it’s size.

2.3.6. View

The View menu is used to move between the List and Detailed views of the libraries, as well as control the
toolbars for the program. The menu options are:

List View View the library in the List view
Detailed View View the library in the Detail view
Toolbar Toggle to have the toolbar display
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2. Quick Start 2.3. Menu System

Status Bar Toggle to have the status bar (at the bottom of the screen) display
Application Look Allows selecting different colors and styles
2.3.7. Help

The Help menu is used to access the WINDOW help topics, as well as version information. The menu options
are:

Help Topics Disabled
Tutorials Opens the WINDOW documentation page on windows.lbl.gov
About Displays the current version number of WINDOW, including the version numbers of

the associated DLL files

Check for updates Click this menu option to have the program check the LBNL server to see what the
latest versions of WINDOW, IGDB and Radiance are current, and compare to the
versions installed on your computer. The program displays this dialog box:

Update Manager

Cumrent Versions:

WINDOW 8.1.68

Project Glass library recards up to IGDB version: 114.0.0
Installed IGDB: Mot Installed

Radiance for WINDOW: 1.2.0
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2.4. Toolbar 2. Quick Start

2.4. Toolbar

The toolbar offers shortcut buttons for several common functions, including navigating between each of the
libraries. The figure below shows the toolbar with labels for each button.

. Shade
Environmental 1 VIGG
File List First  Next Window Gap  Conditions Divider Material ap
Cut Paste ) . . . Library Library  About
Open View Record Record Library Library Library lerary/ / /
= — s e ol N

= B = Heoell: O# @ApVi ?
Copy Print Detail Previous Last Glass Glazing Frame Shading Awning  Switch

View Record Record Library System Library Layer Library units

Library Library

Figure 2-3. Toolbar buttons.
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2. Quick Start

2.5. Construct a Window Product

2.5. Construct a Window Product

2.5.8. Select the Glazing System for the Window
To view the characteristics of the glazing system of the window, click on the glazing system component and
the information is displayed in the lower right group box, as shown below. This information is from the

Glazing System Library.

To select a new glazing system for this window, click on the glazing system to be changed, and either use the
pulldown list to see the names of all the records in the Glazing System Library, or click on the double arrow
button, and another window will open which displays all the values from the Glazing System Library.

File Edit Libraries Record Tools View Help
B $R@ S BB @l O#7@AV% R Step 1:
L Single click on the glazing
List D#|1 v / system to select it. The
Calc (F9) Mame Sample Picture Window I g|azing system will be
Mode NFRC v hashed, and the color will
MNew . . .
Type Fixed (picture) = change, to indicate that it
Coy
Copy o = has been selected.
Delete Height 1500 mm
Save Area 1.300 m2
Report Tilt 90
[ Dividers Environmental Conditions Step 3:
— NFRC 100-2010 w To change the selected
Dividers Glazi Syst ither:
. B Check glazing system compatibility .azmg ystem, €l er"
= Click on the pulldown list to
Generic 1 th f th
Dhopiay modes Total Window Results - Mormal Inddence | seethenamesirom the
- Glazing System Library
Mormal Click on & component to display characteristics below 0
\U-factor 7 W m2k r
e = Glazing System Click on the double arrow
: Name  Sample GlzSys v =>4 button to open a window
R VT g . . .
SHGC/NT Deta D 8 Ucenter ? Wim2K showing all the information
ol N Niayers 2 sc ? from the Glazing System
foutl] /A Area 1271 m2 SHGC 2 Library
Edge area 0.305 m2 Vtc ?
Step 2:

Results show “?”
because the Calc
button has not been
activated.

The characteristics of the currently selected
glazing system are displayed in the lower group
box.

The Glazing System center-of-glass results are
dependent on the height of the final window and
so display “?” until the Calc button is pressed.

5| Select =
Find 2E records found.
# of A Enviranmental Overall . -
D Marne Legem Mode| Tilt Conditions Thickness Ureal SHGC Twiz Tdw-150
mm W im2-K [
4 Double Clear with Argon ? # g0 MNFRC100-2010 18.80 2576 0.764 0.e14 0738
5 Triple Clear 3 # 90 NFRC100-2010 4255 1.744 0E17 0.703 0.6
7 Double high zalar gain low-e 2 # gn  NFRC100-2010 2593 1.935 0626 0.741 0635
5 n Sample Gl [ 30 | NFRC1002010 | 2533 0.6
9 Double low-e [vacuum] 2 # g0 NFRCI00-20010 g 0634 0354 063 0517 <
Figure 2-4. Select a Glazing System for the window.
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2.5. Construct a Window Product

2. Quick Start

2.5.9. Select the Frame for the Window

To view the characteristics of the frame of the window, click on a frame component and the information is
displayed in the lower right group box. This information is from the Frame Library.

To select a new frame for this window, click on the frame component to be changed, and either use the
pulldown list to see the names of all the frames in the Frame Library, or click on the double arrow button,
and another window will open which displays all the values from the Frame Library.

|/Step 1:

Single click on a frame
component to select it.
The frame color will
change to indicate that
it has been selected.

Step 3:

To change the selected
Frame, either:

Click on the pulldown list
to see the names from the
Frame Library

Or

Click on the double arrow
| button to open a window
showing all the
information from the
Frame Library.

File Edit Libraries Record Tools Wiew Help
=R = =R = R U I T @0N: O# 7 @AYk %
List ID# 1 ~
Calc (F9) Mame Sample Picture Window
Mode WFRC w
Mew
Type Fixed (picture) ||z I
Copy
Width 1200 mm
Delete Height 1500 mm
Save Area 1.800 m2
Report Tilt a0
() Dividers Environmental Conditions
MFRC 100-2010 o
Dividers
() Awnings 8 check glazing system compatibility
Generic 1 >
Display mode: Total Window Results - Mormal Inddence
Normal Click on a compenent to display characteristics below
U-factor 7 Wim2-4K
= Frame
SHGC !
— MName  sample-sil THMZ
B VT ?
SHGCNT Detai _ D 7 Uedge
ol NfA Source 2 Edge area
CIU MfA Ufactor 2,018 Wim2+K PFD
Area 0.050 m2 Abs
Results show "?" because Step 2:

the Calc button has not

been clicked.

The characteristics of the frame will be

displayed in the lower right group box.

B Select

Cancel Find o] ~ 7 reconds found.
- s sini | ll_:I:raaTuee UE\:dagISe Co%lga?ion Tﬁlc‘:al::egss L e
Wim2-K | Wim2-K mm
4 Vinyl ASHRAE. N/A 1.700 N/A Class1 63.3 050
5  sample-head thmz Therm  Head 2095 2337 N/A 429 030
§  samplejamb thmz Therm  Jamb 2010 2339 N/A 429 030
> st | 2013 | 2339 DN 259 | 429 [ 030 |

Figure 2-5. Select a Frame for the window.
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2. Quick Start 2.5. Construct a Window Product

2.5.10. Add Dividers to the Window
To add dividers to the window without dividers, click on the Divider button above the Results group box.

File Edit Libraries PRecord Tools View Help

L S BB E: W4 B ®: O#H 7 @ANIK|T

List ID# 1 "
Cale (F9) Mame Sample Picture Window
Mode MNFRC ~
Dew
Type Fixed (picture) W EE
Copy
Width 1200 mm
Delete Height 1500 mm
Save Area 1.800 m2
Report Tilt a0
[ Dividers Environmental Conditions
. . - NFRC 100-2010 -
step1:  ——{> (o |
Click on the [ — B check glazing system compatibility
Dividers button. e
Generic 1
Display mode: Total Window Results - Normal Incidence
Normal Click on & component to display characteristics below
U-factar ? W m 24
SHGC z
SHGEC VT Deta L ?
I /A
c /A
Divider Configuration *

# of Horizontal Dividers
# of Vertical Dividers Cancel

Step 2: Apply to Vision Area | Al w Anply

The Divider Configuration dialog box will appear.
Select the correct number for Horizontal and Vertical
Dividers, and click the OK button.

Figure 2-6. Specify the number of dividers for the window.
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2.5. Construct a Window Product 2. Quick Start

File Edit Libraries PRecord Tools Wiew Help

B 4B@ < EH: M4 M H ©N; O#7@AV% R Step 3:
The appropriate number
List D#1 hy 1 of dividers will be
Cale (F9) Name Sample Picture Window displayed in the window.
New Mode NFRC ~
Type Fixed (picture) | EE
— Width 1200 mm ¢ Step 4:
Delete Heght 1500 mm Single click on a divider
Save Area 1800 m2 component to select it.
Report Tilt a0 Step 5:
B Dividers ES:;Z“;"DED”_';; E’”diﬁ"”s . To change the selected
Dividers Divider, either:
. 8 Check glazing system compatibility . Click on the
Generic 1 >3 / pulldown list to

Total Window Results - Normal Inddence

Display mode: see the names
Normal - = Ty Click on a component to display characteristics below from the Divider
FEsarl o) fm . Library records
cHae Z Divider or
(S Mame  Divider, thmz v E]‘\ .
I VT ? [~ e Clickonthe
SHGCNT Deta = D 7 Uedge 7 Wim2+K d bl
—_— — rrow
c N/A Source 2 Edge area 0.721 m} ouble arro
— — button to open a
CIU MfA Ufactor 7 W /m2K FFD 25.400 . A
— — — window showing
Area 0.213 m2 Abs 0,300 A A
= = all the information
from the Divider
Library.
y
B Select
Cancel Find D 7 records found.
Edge Edge Glazing
ID Name Source | Type Uvalue Uvalue | Comelation | Thickness Pfd Abs | Color
Wim2-K | W/im2-K mm mm
2 Buiyl/Divided ASHRAE. N/A N/A N/A  Class2 wa 155 090 [l
3 Wood/Divided | ASHRAE Suspende  N/A N/A  Class3 N/A 159 ox [l
4 Insul/Divided ASHRAE. Suspends  N/A N/A  Classd nva o 15 o [
5  Aum/Suspended | ASHRAE Suspends  N/A N/A  Classs nva 160 030 [
§ Vinyl/Suspended | ASHRAE. N/A N/A N/A  Classi nva 160 030 [
, ]

Figure 2-7. Select a Divider for the window.
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2. Quick Start

2.5. Construct a Window Product

2.5.11. Calculation

WINDOW will calculate the total product properties for the current record when the Calc button is clicked.

File Edit Libraries Record Tools View Help

B pEBER B My B ®0; O#7 @AV T

i

Click the Calc
button and the\
program will

calculate the
Total Window

Results. \

List D#|1 »

Mame Sample Picture Window

Mode MNFRC -
Type Fixed (picture) W BE
Copy
Width 1200 mm
Delete Height 1500 mm
Area 1.800 m2
Tilt 30
& Dividd Enviranmental Conditions
MFRC 100-2010 ~
Dividers
() Awnings B chedk glazing system compatibility
Generic 1
Display mode: Total Window Results - Normal Inddence
MNormal Click on a component to display characteristics below
U-factor 2.132 W m24K
== Divider
SHGC .
= Name  Divider.thmz il s
- VT 0.558
SHGCNT Detail his] 7 Uedge 2,096 Wim2K
c iz Source 2 Edge area 0.721 m2
CIU NfA Ufactor 2,435 Wim2K FFD 25.400
Area 0.213 m2 Abs 0.300

2.5.12. Results

Figure 2-8. Calculate the whole product properties.

WINDOW calculates the following values for the Total Window Results:

U-value
SHGC
VT

CI

Cciu

Total Product U-value
Solar Heat Gain Coefficient.
Visible Transmittance

Condensation Index, calculated according to NFRC 500 Procedures. It is possible to see
the intermediate values used for the CI calculation by pressing the Detail button,
explained in detail in Chapter 4 of this manual.

Condensation Index for attachments.
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2.6. Saving Projects 2. Quick Start

2.6. Saving Projects

2.6.1. Saving the Entire Database

It is possible to save the results and associated data (for each library) into different WINDOWS5 databases for
different projects.

For example, after having created the glazing systems, imported the THERM files into the Frame Library, and
constructed the desired Windows in the Window Library, this set of data can be saved into a project database
with a unique name.

The File/Save As menu can be used to save the data currently in the working project database as a different
name. The project database that is shipped with the WINDOW is called W5.mdb, but a database can be saved
with any name.

B savehs X
I <« Local Disk (&) » Users » Public » LBML > WINDOWS.1 e ) Search WINDOWS. el
Organize = Mew folder = - (7]
-~
Name Date modified Type Size

[#3] Sample Windows.mdb 10/27/2025 12:42 PM Microsoft Access ... 263,172 KB
[#15 w7 to wB.mdb 0/7/2025 9:59 AM Microsoft Access .. 276,836 KB
[#15) W2 Pre-Version-8.1.27.mdb 8/5/2025 3:43 PM Microsoft Access .. 272132 KB
I [#15) W2 Pre-Version-8.1.28.mdb 8/6/2025 2:31 PM Microsoft Access .. 263,384 KB
A5 WE Pre-Version-8.1.30.mdb 81272025 2:53 PM Microsoft Access ... 265,384 KB
A wé.mdb 10/27/2025 3:39 PM Microsoft Access ... 265,220 KB

File name: | Another Database -

Save as type: WINDOWS Database (*.mdb) ~

A Hide Folders Cancel

Figure 2-9. Use the File/Save menu to save the current data into a different project database

The File/Open menu can be used to open a previously saved project database located in any directory.

2-12 October 2026 WINDOW 8.1 User Manual
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2.6.2. Saving Only Referenced Entries

It is possible to make a much smaller WINDOWS5 project database by saving only the records in each library
that are used in the defined glazing systems and windows. For example, saving a project database in this
fashion would mean that only the glass layers referenced by the glazing system would be saved in the glass
library, rather than the entire glass library that is installed with the program. The database size reduction is
significant - a database with the entire Glass Library records is 15+ MB, while a database with only the
referenced glass layers can be less than 1 MB.

The steps to save a WINDOW database in this manner are the following;:
*  Select the Library “level” that the export should start from:

Window Library Glazing System Library Gas Library

v

A 4

Glass Library

Frame Library Environmental
Conditions Library

Divider Library

Environmental
Conditions Library

Figure 2-10. The database heirarchy in the WINDOW project database.

» Starting from the Window Library will mean that records from all the other libraries that are
used either directly or indirectly from those libraries will be included in the project database:

* Glazing System Library: All the glazing systems referenced in the Window Library entries
* Frame Library: All the frames referenced in the Window Library entries

* Divider Library: All the dividers referenced in the Window Library entries, if dividers are
modeled.

* Glass Library: All the glass layers referenced from the glazing systems used in the Window
Library entries

* Gas Library: All the gases referenced from the glazing systems used in the Window Library
entries

* Environmental Conditions Library: All the environmental conditions referenced from the
glazing systems and the Window Library entries.

= Starting from the Glazing System Library will mean that records from the other libraries used to
define the glazing systems will be written into the project database, and no other entries:

* Glazing System Library: All the glazing systems referenced in the Window Library entries

* Glass Library: All the glass layers referenced from the glazing systems used in the Window
Library entries

* Gas Library: All the gases referenced from the glazing systems used in the Window Library
entries

WINDOW 8.1 User Manual October 2026 2-13



2.6. Saving Projects 2. Quick Start

= Environmental Conditions Library: All the environmental conditions referenced from the
glazing systems and the Window Library entries.

*  From the desired library, go the List View and click on the Export button

Export X

Export:
() Selected recordis)
© Al records

Format  WINDOW Database ~

Export Browse

(] Awvoid creating duplicate records in export database by searching
for identical records

OK Cancel
] save s
T~ < Users » Public » LBMNL @ WINDOWS.1 » Samples e &) Search Samples yol
Organize « MNew folder = - 0
~

w MName Date modified Type Size

5 XKML 10/27/2025 3:43 PM File folder

y [#]] New WINDOW db.mdb 10/27/2025 3:49 PM Microsoft Access .., 261,412 KB

|

»

>
File name: | Another WINDOW db
Save as type:  WINDOWS Databases (*.mdb)

~ Hide Folders Cancel
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3. Installation

3.7. System Requirements
WINDOW 8.1 requires the following minimum computer requirements:
=  Pentium class or better.

= Atleast 32 MB of random access memory (RAM). For optimal operation, 64 MB or more of RAM is
preferrable.

*  Microsoft Windows operating system. (The program WILL NOT run with Windows 3.1™, Windows NT
3.51™ or Windows 95™).

* Hard disk drive with at least 40 MB of available disk space

* Printer supported by Microsoft Windows (serial, parallel, or shared over a network).
3.8. Installation Procedures

3.8.3. Before Installing WINDOW

Close all programs before installing WINDOW and uninstall and previous versions of the WINDOW
program before starting the installation of this version.

You must be Administrator on your machine in order to successfully install WINDOW.

3.8.4. Installing WINDOW

Download the installation file from the https:/ /windows.lbl.gov / software-tools website.

Double click on the installation file and the program will walk through the installation steps.
You will be asked to agree to the license. If you do not agree, the program will not install the program.

If you have previous versions of WINDOW installed, the program will make copies of the databases created
with that version.

The program will be installed by default in this directory:
C:\Program Files (x86)\ LBNL\
The working directory, where the program database is installed, is:

C:\ Users\ Public\ LBNL

Depending on the operating system version, an icon for WINDOW will be added to the desktop, and will also
be available under LBNL Software.
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4. Fenestration Products

4.1. Overview

Much of the information in this chapter is taken from Residential Windows: A Guide to New Technologies and
Energy Performance by John Carmody, Stephen Selkowitz, and Lisa Heschong.

Although glazing materials are the focus of much of the innovation and improvement in fenestration
products, the overall performance of any unit is determined by the complete fenestration product assembly.
The assembly includes the operating and fixed parts of the product frame as well as associated hardware and
accessories. These are defined and illustrated at the beginning of this section. The next sections address the
different options available for sash operation and new advances in frame materials designed to improve
product energy efficiency. Proper installation is an important aspect of their performance as well.

4.2 Fenestration Product Sash Operation

There are numerous operating types available for fenestration products. Traditional operable types include
projected or hinged types such as casement, awning, and hopper, and the sliding types such as double- and
single-hung and horizontal sliding. In addition, the current market includes storm windows, sliding and
swinging patio doors, skylights and roof-mounted (i.e., sloping) windows, and systems that can be added to a
house to create bay or bow windows, miniature greenhouses, or full sun rooms.

0

Casement Awning Hopper

I~
\ \
Horizontal slider Single-

Figure 4-1. Fenestration Operator Types

\

Double-

[/
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4.2 Fenestration Product Sash Operation 4. Fenestration Products

4.2.1. Projected or Hinged Windows

Hinged windows include casements, awnings, and hoppers —hinged at the side, top, and bottom,
respectively. Some manufacturers also make pivoting and combination windows that allow for easier
cleaning of the exterior surfaces. Hinged windows, especially casements, project outward, providing
significantly better ventilation than sliders of equal size. Because the sash protrudes from the plane of the
wall, it can be controlled to catch passing breezes, but screens must be placed on the interior side. Virtually
the entire casement window area can be opened, while sliders are limited to less than half of the window
area.

4.2.2. Sliding Windows

Sliders are the most common type of windows and include horizontal sliders and single-hung and double-
hung windows. Ventilation area can vary from a small crack to an opening of one-half the total glass area.
Screens can be placed on the exterior or interior of the window unit.

In double-hung or double-sliding units, both sashes can slide. In double-sliding units, the same net amount of
glass area can be opened for ventilation as in single sliders, but it can be split between the top and bottom or
two ends of the window for better control of the air flow.

4.2.3. Sliding Glass Doors

Sliding glass doors (patio doors) are essentially big sliding windows. As extremely large expanses of glass,
patio doors exaggerate all of the issues related to comfort and energy performance. Since the proportion of
glass to frame is very high for a glass sliding door, the selection of high-performance glass can have
significant benefits.

4.2.4. French Doors and Folding Patio Doors

French doors and folding glazed doors are growing in popularity. A basic double French door consists of two
hinged doors with no center mullion, resulting in a 1.5 to 1.8 m (5- to 6-foot) wide opening. Folding doors are
typically made of pairs of hinged doors, so that a double folding door with two pairs of doors can create an
opening of 3.7 m (12 feet) or more.

4.2.5. Skylights and Roof Windows

The vast majority of skylights are permanently fixed in place, mounted on a curb above a flat or sloped roof.
However, hatch-style skylights that can be opened with an extended crank, push latch, or remote control
motor are becoming more common. Some skylights have a domed profile made of one or two layers of tinted
or diffusing plastic.

A roof window is a hybrid between a skylight and a standard window. They have become increasingly
popular as homeowners and designers seek to better utilize space in smaller houses by creating habitable
rooms under sloping roofs. They are glazed with glass rather than plastic and are available with most of the
glazing and solar control options of standard windows. Both fixed and operable versions are available, and
the operable roof windows can be opened manually or by a motorized system. In addition, some
manufacturers offer special venting mechanisms that allow some ventilation air flow without actually
opening the window. Operable skylights or vents allow hot air that rises to the ceiling level to be effectively
exhausted from the space.

Skylights and roof windows present a special case for insulating around windows because they are typically
set into the thickest, most heavily insulated framing in the house, and they must also meet much more
stringent conditions for shedding water. In order to create a positive water flow around them, skylights are
commonly mounted on “curbs” set above the roof plane. These curbs, rising 15 to 30 centimeters (6 to 12
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inches) above the roof, create additional heat loss surfaces, right where the warmest air of the house tends to
collect. Ideally, they should be insulated to the same level as the roof. In practice, it is often difficult to achieve
insulation levels much above R-11. Some manufacturers provide curbs prefabricated out of a rigid insulating
foam, which can be further insulated at the site.

Roof windows, mounted in a sloping roof, often include a metal flashing system. If this metal flashing is in
contact with a metal window frame, it can create additional surfaces for conducting heat. Thus, as with
thermally broken aluminum windows, care should be taken to ensure a thermal separation between the cold
outer metal surfaces and metal parts of the window frame that are exposed to the warm interior air.

4.3 Performance Implications of Basic Fenestration Types

There are subtle performance differences between a fixed and operable fenestration product that fills an
identical rough opening. The fixed unit will typically have a smaller fraction of frame and proportionately
more glass than the similar operable unit. Thus, fixed products with high-performance glass will have a
better, lower U-factor, but a higher SHGC due to a smaller frame area and larger glass area. Fixed products
have very low infiltration rates, but then they also do not provide natural ventilation and do not satisfy
building code requirements for fire egress.

For operating fenestration products, the type of operation has little direct effect on the U-factor or SHGC of
the unit, but it can have a significant effect on the air infiltration and ventilation characteristics. Operation can
be broken into two basic types: sliding products and hinged products. The comments below are a general
characterization of American fenestration products; however, they may not apply to a specific product made
by a given manufacturer.

4.3.1. Hinged Windows

Hinged windows such as casements, awnings, and hoppers generally have lower air leakage rates than
sliding windows from the same manufacturer because the sash closes by pressing against the frame,
permitting the use of more effective compression-type weatherstripping. In most types, the sash swings
closed from the outside, so that additional external wind pressure tends to push the sash more tightly shut.
Hinged windows require a strong frame to encase and support the projecting sash. Also, because projecting-
type sashes must be strong enough to swing out and still resist wind forces, the stiffer window units do not
flex as readily in the wind. In addition, hinged windows have locking mechanisms that force the sash against
the weatherstripping to maximize compression. These design details tend to reduce air infiltration of hinged
windows in comparison to sliders.

4.3.2. Sliding Windows

Sliding windows, whether single-hung, double-hung, or horizontal sliders, generally have higher air leakage
rates than projecting or hinged windows. Sliding windows typically use a brush-type weatherstripping that
allows the sash to slide past. This type is generally less effective than the compression gaskets found in
projecting windows. The weatherstripping effectiveness also tends to be reduced over time due to wear and
tear from repeated movement of the sliding sash. The frames and sashes of sliding units can be made with
lighter, less rigid frame sections since they only need to support their own weight. This lightness may permit
the sliding frames to flex and can allow more air leakage under windy conditions. Manufacturers can choose
to engineer greater stiffness in their products by design and material selection.

Slider window performance can also be improved with latching mechanisms that compress the sash to the
fixed frame and by the addition of compression weatherstripping at the head and sill of double-hung
windows or the end jamb of horizontal sliders.
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4.3.3. Sliding Glass and French Doors

As previously noted, sliding doors are essentially big sliding windows. However, they are more complicated
because of their size and weight and because the sill is also a door threshold, which must keep water out
while allowing easy passage of people and objects. The threshold is typically the most difficult part of the
frame to weatherstrip effectively.

French doors benefit from being much more like traditional doors than sliding doors. French doors can use
weatherstripping and operating hardware designed for similar non-glazed doors. However, when there are
large openings with multiple hinged doors, it is more difficult to positively seal the joints between door
leaves and to create the stiffness that will resist infiltration.

4.4 Frame Materials

The material used to manufacture the frame governs the physical characteristics of the fenestration product,
such as frame thickness, weight, and durability, but it also has a major impact on the thermal characteristics
of the product. Increasingly, manufacturers are producing hybrid or composite sash and frames, in which
multiple materials are selected and combined to best meet the overall required performance parameters.
Thus, a simple inspection of the inner or outer surface of the frame is no longer an accurate indicator of the
total material or its performance. Since the sash and frame represent from 10 to 30 percent of the total area of
the fenestration unit, the frame properties will significantly influence the total product performance.

4.4.1. Wood Frames

Wood fenestration products are manufactured in all configurations, from sliders to swinging windows. Wood
is favored in many residential applications because of its appearance and traditional place in house design.

A variation of the wooden product is to clad the exterior face of the frame with either vinyl or aluminum,
creating a permanent weather-resistant surface. Clad frames thus have lower maintenance requirements,
while retaining the attractive wood finish on the interior.

From a thermal point of view, wood-framed products perform well. The thicker the wood frame, the more
insulation it provides. Wood-framed fenestration products typically exhibit low heat loss rates.

However, metal cladding, metal hardware, or the metal reinforcing often used at corner joints can degrade
the thermal performance of wood frames. If the metal extends through the fenestration product from the cold
side to the warm side of the frame, it creates a thermal short circuit, conducting heat more quickly through
that section of the frame.

4.4.2. Aluminum Frames

The biggest disadvantage of aluminum as a fenestration product frame material is its high thermal
conductance. It readily conducts heat, greatly raising the overall U-factor of a fenestration unit. Because of its
high thermal conductance, the thermal resistance of an aluminum frame is determined more by the amount
of surface area of the frame than by the thickness or the projected area, as with other frame materials. Thus,
an aluminum frame profile with a simple compact shape will perform much better than a profile with many
fins and undulations.

In cold climates, a simple aluminum frame can easily become cold enough to condense moisture or frost on
the inside surfaces of fenestration product frames. Even more than the problem of heat loss, the condensation
problem spurred development of a more insulating aluminum frame.

The most common solution to the heat conduction problem of aluminum frames is to provide a “thermal
break” by splitting the frame components into interior and exterior pieces and use a less conductive material
to join them. There are many designs available for thermally broken aluminum frames. The most prevalent
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technique used in residential fenestration products is called “pouring and debridging.” The frame is first
extruded as a single piece with a hollow trough in the middle. This is filled with a plastic that hardens into a
strong intermediate piece. The connecting piece of aluminum is then milled out, leaving only the plastic to
join the two halves of aluminum. Functionally, the resulting piece is cut, mitered, and assembled like a simple
aluminum extrusion. Thermally, the plastic slows the heat flow between the inside and outside. There are
other manufacturing techniques for producing a thermal break (such as crimped-in-place polymer strips), but
the thermal results are similar.

4.4.3. Vinyl Frames

Plastics are relative newcomers as fenestration product frame materials in North America. Vinyl, also known
as polyvinyl chloride (PVC), is a versatile material with good insulating value.

The thermal performance of vinyl frames is roughly comparable to wood. Large hollow chambers within the
frame can allow unwanted heat transfer through convection currents. Creating smaller cells within the frame
reduces this convection exchange, as does adding an insulating material. Most manufacturers are conducting
research and development to improve the insulating value of their vinyl fenestration product assemblies.

4.4.4. Fiberglass and Engineered Thermoplastics

In addition to vinyl fenestration products two other polymer-based technologies have become available,
fiberglass and thermoplastics. Frames can be made of glass-fiber-reinforced polyester, or fiberglass, which is
pultruded into lineal forms and then assembled into fenestration products. These frames are dimensionally
stable and have good insulating value by incorporating air cavities (similar to vinyl).

4.4.5. Wood Composites

Most people are familiar with composite wood products, such as particle board and laminated strand lumber,
in which wood particles and resins are compressed to form a strong composite material. The wood
fenestration product industry has now taken this a step further by creating a new generation of
wood/polymer composites that are extruded into a series of lineal shapes for frame and sash members. These
composites are stable, and have the same or better structural and thermal properties as conventional wood,
with better moisture resistance and more decay resistance. They can be textured and stained or painted much
like wood. They were initially used in critical elements, such as sills and thresholds in sliding patio doors, but
are now being used for entire units. This approach has the added environmental advantage of reusing a
volume of sawdust and wood scrap that would otherwise be discarded.

4.4.6. Hybrid and Composite Frames

Manufacturers are increasingly turning to hybrid frame designs that use two or more of the frame materials
described above to produce a complete fenestration product system. The wood industry has long built vinyl-
and aluminum-clad products to reduce exterior maintenance needs. Vinyl manufacturers and others offer
interior wood veneers to produce the finish and appearance that many homeowners desire. Split-sash designs
may have an interior wood element bonded to an exterior fiberglass element.

4.5 Basic Glazing Materials

Two basic materials are used for fenestration product glazing: glass, which is by far the most common, and
plastics, which have many specialized applications.
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45.1. Glass

Traditionally, fenestration products have been made of clear glass. Most residential-grade clear glass today is
produced with the float technique in which the glass is “floated” over a bed of molten tin. This provides
extremely flat surfaces, uniform thicknesses, and few if any visual distortions. The glass has a slight greenish
cast, due to iron impurities, but this is generally not noticeable except from the edge. An even higher-quality
glass with reduced iron content eliminates the greenness and also provides a higher solar energy
transmittance. This is commonly called “water-white glass.”

Obscure glasses still transmit most of the light but break up the view in order to provide privacy. This effect
is generally achieved either with decorative embossed patterns or with a frosted surface that scatters the light
rays.

By adding various chemicals to glass as it is made, glass can be produced in a wide variety of colors. Glass
colors are typically given trade names, but the most frequently used colors can be generally described as
clear, bronze, gray, and blue-green. After clear glass, the gray glasses are most commonly used in residential
construction, as they have the least effect on the perceived color of the light. Tinted glass is discussed later in
this chapter.

The mechanical properties of glass can be altered, as well as its basic composition and surface properties.
Heat-strengthening and tempering make glass more resistant to breakage. Heat-strengthened glass is about
twice as strong as standard glass. Tempered glass is produced by reheating and then quickly chilling the
glass. It breaks into small fragments, rather than into long, possibly dangerous shards. Laminated glass is a
sandwich of two outer layers of glass with a plastic inner layer that holds the glass pieces together in the
event of breakage. Fully tempered and laminated glass is required by building codes in many door and
fenestration product applications.

4.5.2. Plastics

Several plastic materials have been adapted for use as glazing materials. Their primary uses are fenestration
products with special requirements and skylights.

The following list of plastic glazing materials covers the major types of plastic glazing materials and
compares their general properties:

®  (lear acrylic is widely available and relatively inexpensive. It is available in various tints and colors. It
has excellent visible light transmittance and longevity. However, it is softer than glass, which makes it
vulnerable to scratching.

®  Frosted acrylic is like clear acrylic, except that it diffuses light and obscures the view. It comes in varying
degrees of light transmittance. Most bubble skylights are made of frosted acrylic.

®  (lear polycarbonate is like acrylic sheet, but it is harder and tougher, offering greater resistance to
scratching and breakage. It is more expensive than acrylic.

® Fiber-reinforced plastic is a tough, translucent, flexible sheet material with good light-diffusing
properties. Short lengths of fiberglass are embedded in a polymer matrix to form flat or ribbed sheets.
Stiff, insulating, translucent panels are created by bonding double layers to a metal frame and adding
fiberglass insulation. It is also formed into corrugated sheets as a translucent roofing material. Surface
erosion may shorten its useful life.

® Extruded multicell sheet, usually made with acrylic or polycarbonate plastic, is a transparent or tinted
plastic extruded into a double- or triple-wall sheet with divider webs for stiffness, insulating value, and
light diffusion.
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® Polyester is a thin film used to carry specialized coatings and/or to divide the air space between two
layers of glass into multiple air spaces. Highly transparent, it is protected from abuse and weathering by
the two exterior glass layers. It can also be used in tinted or coated forms as film that is glued to the inner
surface of existing fenestration products for retrofitting applications.

4.6 Improved Glazing Products

There are three fundamental approaches to improving the energy performance of glazing products:

1. Alter the glazing material itself by changing its chemical composition or physical characteristics. An
example of this is tinted glazing. The glazing material can also be altered by creating a laminated
glazing.

2. Apply a coating to the glazing material surface. Reflective coatings and films were developed to

reduce heat gain and glare, and more recently, low-emittance and spectrally selective coatings have
been developed to improve both heating and cooling season performance.

3. Assemble various layers of glazing and control the properties of the spaces between the layers. These
strategies include the use of two or more panes or films, low-conductance gas fills between the layers,
and thermally improved edge spacers.

Two or more of these approaches may be combined. Each of these improvements to the glazing is discussed
below

4.6.1. Tinted Glazing

Both plastic and glass materials are available in a large number of tints. The tints absorb a portion of the light
and solar heat. Tinting changes the color of the fenestration product.

Tinted glazings retain their transparency from the inside, so that the outward view is unobstructed. The most
common colors are neutral gray, bronze, and blue-green, which do not greatly alter the perceived color of the
view and tend to blend well with other architectural colors. Many other specialty colors are available for
particular aesthetic purposes.

Tinted glass is made by altering the chemical formulation of the glass with special additives. Its color changes
with the thickness of the glass and the addition of coatings applied after manufacture. Every change in color
or combination of different glass types affects transmittance, solar heat gain coefficient, reflectivity, and other
properties. Glass manufacturers list these properties for every color, thickness, and assembly of glass type
they produce.

Tinted glazings are specially formulated to maximize their absorption across some or all of the solar spectrum
and are often referred to as “heat-absorbing.” All of the absorbed solar energy is initially transformed into
heat within the glass, thus raising the glass temperature. Depending upon climatic conditions, up to 50
percent of the heat absorbed in a single layer of tinted glass may then be transferred via radiation and
convection to the inside. Thus, there may be only a modest reduction in overall solar heat gain compared to
other glazings.

There are two categories of tinted glazing: the traditional tints that diminish light as well as heat gain, and
spectrally selective tints that reduce heat gain but allow more light to be transmitted to the interior. The
traditional tinted glazing often forces a trade-off between visible light and solar gain. For these bronze and
gray tints, there is a greater reduction in visible light transmittance than there is in solar heat gain coefficient.
This can reduce glare by reducing the apparent brightness of the glass surface, but it also reduces the amount
of daylight entering the room.

To address the problem of reducing daylight with traditional tinted glazing, glass manufacturers have
developed new types of tinted glass that are “spectrally selective.” They preferentially transmit the daylight
portion of the solar spectrum but absorb the near-infrared part of sunlight. This is accomplished by adding
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special chemicals to the float glass process. Like other tinted glass, they are durable and can be used in both
monolithic and multiple-glazed fenestration product applications. These glazings have a light blue or green
tint and have visible transmittance values higher than conventional bronze- or gray-tinted glass, but have
lower solar heat gain coefficients. Because they are absorptive, they are best used as the outside glazing in a
double-glazed unit. They can also be combined with Low-E coatings to enhance their performance further.

4.6.2. Reflective Coatings and Films

As the solar heat gain is lowered in single-pane tinted glazings, the visible light transmission drops even
faster, and there are practical limits on how low the solar heat gain can be made using tints. If larger
reductions are desired, a reflective coating can be used to lower the solar heat gain coefficient by increasing
the surface reflectivity of the material. These coatings usually consist of thin metallic layers. The reflective
coatings come in various metallic colors (silver, gold, bronze), and they can be applied to clear or tinted
glazing (the substrate). The solar heat gain of the substrate can be reduced a little or a lot, depending on the
thickness and reflectivity of the coating, and its location on the glass.

As with tinted glazing, the visible light transmittances of reflective glazings are usually reduced substantially
more than the solar heat gain.

4.6.3. Double Glazing

Storm windows added onto the outside of window frames during the stormy winter season were the first
double-glazed fenestration products. They reduce infiltration from winter winds by providing a seal around
all the operating sash and they improve the insulating value of the glazing as well.

When manufacturers began to experiment with factory-sealed, double-pane glass to be installed for year-
round use, they encountered a number of technical concerns, such as how to allow for different thermal
movement between the two panes, how to prevent moisture from forming between the panes and
condensing on an inaccessible surface, and how to allow for changes in atmospheric pressure as the assembly
was moved from factory to installation site. These issues have been successfully addressed over the years
with a variety of manufacturing techniques and material selections.

When double-glass units first came on the market, the two glass layers were often fused around the perimeter
to make a permanently sealed air space. In recent years, however, spacers and polymer sealants have largely
replaced glass-to-glass seals, and have proven sufficiently durable for residential applications. The layers of
glass are separated by and adhere to a spacer, and the sealant, which forms a gas and moisture barrier, is
applied around the entire perimeter. Normally, the spacer contains a desiccant material to absorb any
residual moisture that may remain in the air space after manufacture. Sealed insulating glass units are now a
mature, well proven technology. Designs utilizing high-quality sealants and manufactured with good quality
control should last for decades without seal failure.

4.6.4. Glass Coatings and Tints in Double Glazing

Both solar reflective coatings and tints on double-glazed fenestration products are effective in reducing
summer heat gain; however, only certain coatings contribute to reducing winter heat loss, and tints do not
affect the heat loss rates at all. It is possible to provide reflective coatings on any one of the four surfaces,
although they are usually located on the outermost surface or on the surfaces facing the air space. Coating
location can also depend on the type of coating. Some vacuum-deposited reflective coatings must be placed in
a sealed air space because they would not survive exposure to outdoor elements, finger prints, or cleaning
agents. Pyrolytic coatings that are created with a high-temperature process as the glass is formed are
extremely hard and durable and can be placed anywhere. Each location produces a different visual and heat
transfer effect. Other advanced coatings such as low-emittance and spectrally selective coatings are normally
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applied to double-glazed or triple-glazed fenestration products. These applications are discussed later in this
chapter.

Double-pane units can be assembled using different glass types for the inner and outer layers. Typically, the
inner layer is standard clear glass, while the outer layer can be tinted, reflective, or both. The solar heat gain
coefficient is reduced because the tinted glass and clear glass both reduce transmitted radiation. In addition,
this design further reduces solar heat gain because the inner clear glass, the gas fill, and any Low-E coating
keep much of the heat absorbed by the outer glass from entering the building interior.
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Figure 4-2. Insulating Glass Unit (IGU).

4.6.5. Gap Width in Multiple Glazed Units

Fenestration product manufacturers have some flexibility to reduce heat transfer by selecting the best gap
width between two or more glazings. The air space between two pieces of glass reaches its optimum
insulating value at about 1/2-inch (12 mm) thickness when filled with air or argon. As the gap gets larger,
convection in the gap increases and slowly increases heat transfer. Below 3/8 inch (9 mm), conduction
through the air gap increases and the U-factor rises more rapidly. Krypton gas has its optimum thickness at
about 1/4 inch (6 mm), so that if smaller gas gaps are required, for example in a three-layer fenestration
product whose overall exterior dimensions are limited, krypton may be the best selection, although it is also
more costly.

4.6.6. Divided Lights

Manufacturers have been struggling with the problem of many homeowners’ preference for traditional,
divided light fenestration products, which have many small panes separated by thin bars called muntins.
With single-pane glass, true divided lights actually improved the thermal performance of the fenestration
product because the wood muntins had a higher insulating value than the glass. Some manufacturers have
introduced “true divided light” insulated units, in which traditional-looking muntins hold small, individual,
insulated panes. However, these are expensive and difficult to fabricate with insulated glass and have greater
thermal losses due to the number of edges, which now have metal in them.

A second option is to produce a single, large sealed glass unit with “muntins” glued to the inside and outside
surfaces, while a grid is placed in the middle of one large insulated unit, giving the visual effect of divided
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lights. This reduces fabrication costs but does not reduce resistance to heat flow if the muntins in the middle
are metal and if they touch both lights of glass.

A third option, which is more energy efficient, is to build a large-pane insulated unit that has snap-on or
glued-on grilles to simulate the traditional lights.

The energy performance of the simple snap-on grid will be similar to a unit without any mullions; however,
the true divided lights will result in greater heat transfer because of the additional edges.

4.6.7. Special Products

Evacuated glazing units (EGU) or vacuum insulating glazing (VIG) are an emerging technology developed as
a concept some 20-30 years ago, but only now approaching wide-spread commercialization and acceptance.
EGU is therefore an active and rapidly changing area of research. EGU for residential and commercial use is a
promising technology capable of meeting the rigorous thermal performance requirements of net-zero energy
windows. These products can be modeled in WINDOW. See the windows.lbl.gov Research web page for
more information about this technology.

Glass blocks present a very special case of double glazing. They provide light with some degree of visual
privacy. Plastic blocks, which have a lower U-factor than glass, are also available. However, when installed,
the necessary grouting reduces the energy efficiency. Also, metal mesh and steel reinforcing bars, used
between blocks to provide structural stability, provide thermal bridges which also reduce energy efficiency.

Plastic glazings are available in a number of configurations with double layers. Double-glazed acrylic bubble
skylights are formed with two layers separated by an air space of varying thickness, ranging from no
separation at the edges to as much as 3 inches (7.6 cm) at the top of the bubble. The average separation is used
to calculate the effective U-factor.

Multi-cell polycarbonate sheets, which can be mounted with the divider webs running vertically or
horizontally, are available. The divider webs increase the effective insulating value of the glazing by reducing
convection exchange within the cells, especially when they are mounted horizontally.

4.6.8. Multiple Panes or Films

By adding a second pane, the insulating value of the fenestration product glass alone is doubled (the U-factor
is reduced by half). As expected, adding a third or fourth pane of glass further increases the insulating value
of the fenestration product, but with diminishing effect.

Triple- and quadruple-glazed fenestration products became commercially available in the 1980s as a response
to the desire for more energy-efficient products. There is a trade-off with this approach, however. As each
additional layer of glass adds to the insulating value of the assembly, it also reduces the visible light
transmission and the solar heat gain coefficient, thereby reducing the fenestration product’s value for
providing solar gains or daylighting. In addition, other complications are encountered. Additional panes of
glass increase the weight of the unit, which makes mounting and handling more difficult and transportation
more expensive.

Because of the difficulties discussed above, it is apparent there are physical and economic limits to the
number of layers of glass that can be added to a fenestration product assembly. However, multiple-pane units
are not limited to assemblies of glass. One popular innovation is based on substituting an inner plastic film
for the middle layer of glass. The plastic film is very lightweight, and because it is very thin, it does not
increase the thickness of the unit. The glass layers protect the inner layer of plastic from scratching,
mechanical abuse, corrosion, weathering, and visual distortions caused by wind pressure. Thus, the strength
and durability of plastic as a glazing material are no longer issues when the plastic is protected from physical
abuse and weathering by inner and outer layers of glass. The plastic films are specially treated to resist UV
degradation and they are heat shrunk so they remain flat under all conditions.
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The plastic inner layer serves a number of important functions. It decreases the U-factor of the fenestration
product assembly by dividing the inner air space into multiple chambers. Units are offered with one or two
inner layers of plastic. Secondly, a Low-E coating can be placed on the plastic film itself to further lower the
U-factor of the assembly. Also, the plastic film can be provided with spectrally selective coatings to reduce
solar gain in hot climates without significant loss of visible transmittance. The performance of multiple-pane
fenestration product assemblies with low-emittance coatings and gas fills is described in the following
sections.

4.6.9. Low-Emittance Coatings

The principal mechanism of heat transfer in multilayer glazing is thermal radiation from a warm pane of
glass to a cooler pane. Coating a glass surface with a low-emittance material and facing that coating into the
gap between the glass layers blocks a significant amount of this radiant heat transfer, thus lowering the total
heat flow through the fenestration product. The improvement in insulating value due to the Low-E coating is
roughly equivalent to adding another pane of glass to a multipane unit.

The solar spectral reflectances of Low-E coatings can be manipulated to include specific parts of the visible
and infrared spectrum. A glazing material can then be designed to optimize energy flows for solar heating,
daylighting, and cooling.

With conventional clear glazing, a significant amount of solar radiation passes through the fenestration
product, and then heat from objects within the house is reradiated back through the fenestration product. For
example, a glazing design for maximizing solar gains in the winter would ideally allow all of the solar
spectrum to pass through, but would block the reradiation of heat from the inside of the house. The first Low-
E coatings were designed to have a high solar heat gain coefficient and a high visible transmittance to
transmit the maximum amount of sunlight into the interior while reducing the U-factor significantly.

A glazing designed to minimize summer heat gains but allow for some daylighting would allow visible light
through, but would block all other portions of the solar spectrum, including ultraviolet light and near-
infrared, as well as long-wave heat radiated from outside objects, such as paving and adjacent buildings, as
shown in Figure 2-3. These second-generation Low-E coatings were designed to reflect the solar near-
infrared, thus reducing the total solar heat gain coefficient while maintaining high levels of light
transmission. Variations on this design (modified coatings and/or glazings) can further reduce summer solar
heat gain and control glare.

There are three basic types of Low-E coatings available on the market today:

1. High-transmission Low-E:
These Low-E glass products are often referred to as pyrolitic or hard coat Low-E glass, due to the glass
coating process. The properties presented here are typical of a Low-E glass product designed to reduce
heat loss but admit solar gain.

2. Moderate-transmission Low-E:
These Low-E glass products are often referred to as sputtered (or soft-coat products) due to the glass
coating process. (Note: Low solar gain Low-E products are also sputtered coatings.) Such coatings reduce
heat loss and let in a reasonable amount of solar gain.

3. Low-transmission Low-E:
These Low-E products are often referred to as sputtered (or soft-coat) due to the glass coating process.
(Note: Moderate solar gain Low-E products are also sputtered coatings.) This type of Low-E product,
sometimes called spectrally selective Low-E glass, reduces heat loss in winter but also reduces heat gain
in summer. Compared to most tinted and reflective glazings, this Low-E glass provides a higher level of
visible light transmission for a given amount of solar heat reduction.
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The type and quality of Low-E coating will affect not only the U-factor, but also the transmittance and solar
heat gain coefficient of a glass. All these properties (U-factor, VT, and SHGC) need to be taken into

consideration in characterizing a particular glazing product.
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Figure 4-3. Ideal spectral transmittance for glazings in different climates. (Source: " Sensitivity of Fenestration Solar Gain to Source
Spectrum and Angle of Incidence." ASHRAE Transactions 10, R. McCluney, June 1996).

4.6.9.1. Coating Placement

The placement of a Low-E coating within the air gap of a double-glazed fenestration product does not
significantly affect the U-factor but it does influence the solar heat gain coefficient (SHGC). That is why, in
heating-dominated climates, placing a Low-E coating on the #3 surface (outside surface of the inner pane) is
recommended to maximize winter passive solar gain at the expense of a slight reduction in the ability to
control summer heat gain. In cooling climates, a coating on the #2 surface (inside surface of the outer pane) is
generally best to reduce solar heat gain and maximize energy efficiency. Manufacturers sometimes place the
coatings on other surfaces (e.g., #2 surface in a heating climate) for other reasons, such as minimizing the
potential for thermal stress. Multiple Low-E coatings are also placed on surfaces within a triple-glazed
fenestration product assembly, or on the inner plastic glazing layers of multipane assemblies referred to as
superwindows (discussed later in this chapter), with a cumulative effect of further improving the overall U-
factor.

4.6.9.2. Coating Types

There are two basic types of Low-E coatings - sputtered and pyrolytic, referring to the process by which they
are made. The best of each type of coating is colorless and optically clear. Some coatings may have a slight
hue or subtle reflective quality, particularly when viewed in certain lighting conditions or at oblique angles.

A sputtered coating is multilayered (typically, three primary layers, with at least one layer of metal) and is
deposited on glass or plastic film in a vacuum chamber. The total thickness of a sputtered coating is only
1/10,000 of the thickness of a human hair. Sputtered coatings often use a silver layer and must be protected
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from humidity and contact. For this reason they are sometimes referred to as “soft coats.” Since sputtering is
a low-temperature process, these coatings can be deposited on flat sheets of glass or thin plastic films. While
sputtered coatings are not durable in themselves, when placed into a sealed double- or triple-glazed assembly
they should last as long as the sealed glass unit. Sputtered coatings typically have lower emittances than
pyrolytic coatings. They are available commercially with emittance ratings of e = 0.10 to as low as e = 0.02 (e =
0.20 means that 80 percent of the long-wavelength radiant energy received by the surface is reflected, while e
= 0.02 means 98 percent is reflected). For uncoated glass, e = 0.84, which means only 16 percent of the radiant
energy received by the surface is reflected.

A typical pyrolytic coating is a metallic oxide, most commonly tin oxide with some additives, which is
deposited directly onto a glass surface while it is still hot. The result is a baked-on surface layer that is quite
hard and thus very durable, which is why this is sometimes referred to as a “hard coat.” A pyrolytic coating
can be ten to twenty times thicker than a sputtered coating but is still extremely thin. Pyrolytic coatings can
be exposed to air, cleaned with normal cleaning products, and subjected to general wear and tear without
losing their Low-E properties.

Because of their greater durability, pyrolytic coatings are available on single-pane glass and separate storm
windows, but not on plastics, since they require a high-temperature process. In general, though, pyrolytic
coatings are used in sealed, double-glazed units with the Low-E surface inside the sealed air space. While
there is considerable variation in the specific properties of these coatings, they typically have emittance
ratings in the range of e = 0.20 to e = 0.10.

A laminated glass with a spectrally selective Low-E sputtered coating on plastic film sandwiched between
two layers of glass offers the energy performance of single-pane, spectrally selective glass and the safety
protection of laminated glass. However, in this configuration, since the Low-E surface is not exposed to an air
space, there is no effect on the glazing U-factor.

4.6.10. Gas Fills

Another improvement that can be made to the thermal performance of insulating glazing units is to reduce
the conductance of the air space between the layers. Originally, the space was filled with air or flushed with
dry nitrogen just prior to sealing. In a sealed glass insulating unit air currents between the two panes of
glazing carry heat to the top of the unit and settle into cold pools at the bottom. Filling the space with a less
conductive gas minimizes overall transfer of heat between two glass layers.

Manufacturers have introduced the use of argon and krypton gas fills, with measurable improvement in
thermal performance. Argon is inexpensive, nontoxic, nonreactive, clear, and odorless. The optimal spacing
for an argon-filled unit is the same as for air, about 1/2 inch (12 mm). Krypton has better thermal
performance, but is more expensive to produce. Krypton is particularly useful when the space between
glazings must be thinner than normally desired, for example, 1/4 inch (6 mm). A mixture of krypton and
argon gases is also used as a compromise between thermal performance and cost.

Filling the sealed unit completely with argon or krypton presents challenges that manufacturers continue to
work on. A typical gas fill system adds the gas into the cavity with a pipe inserted through a hole at the edge
of the unit. As the gas is pumped in, it mixes with the air, making it difficult to achieve 100 percent purity.
Recent research indicates that 90 percent is the typical concentration achieved by manufacturers today. Some
manufacturers are able to consistently achieve better than 95 percent gas fill by using a vacuum chamber. An
uncoated double-pane unit filled with 90 percent argon gas and 10 percent air yields a slightly more than 5
percent improvement in the insulating value at the center of the glass, compared to the same unit filled with
air. However, when argon and krypton fills are combined with Low-E coatings and multipane glazings, more
significant reductions of 15 to 20 percent can be achieved. Since the Low-E coating has substantially reduced
the radiation component of heat loss, the gas fill now has a greater proportional effect on the remaining heat
transfer by convection and conduction.
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4.7 Thermally Improved Edge Spacers

The layers of glazing in an insulating glass (IG) unit must be held apart at the appropriate distance by
spacers. The spacer system must provide a number of additional functions in addition to keeping the glass
units at the proper dimension:

® accommodate stress induced by thermal expansion and pressure differences;

= provide a moisture barrier that prevents passage of water or water vapor that would fog the unit;

= provide a gas-tight seal that prevents the loss of any special low-conductance gas in the air space;

® create an insulating barrier that reduces the formation of interior condensation at the edge.

Older double-pane wood fenestration products used a wood spacer that could not be hermetically sealed and
thus was vented to the outside to reduce fogging in the air gap. Modern versions of this system function well
but, because they are not hermetically sealed, cannot be used with special gas fills or some types of Low-E
coatings. Early glass units were often fabricated with an integral welded glass-to-glass seal. These units did
not leak but were difficult and costly to fabricate, and typically had a less-than-optimal narrow spacing. The
standard solution for insulating glass units (IGUs) that accompanied the tremendous increase in market share
of insulating glass in the 1980s was the use of metal spacers, and sealants. These spacers, typically aluminum,
also contain a desiccant that absorbs residual moisture. The spacer is sealed to the two glass layers with
organic sealants that both provide structural support and act as a moisture barrier. There are two generic
systems for such IGUs: a single-seal spacer and a double-seal system.

In the single-seal system , an organic sealant, typically a butyl material, is applied behind the spacer and
serves both to hold the unit together and to prevent moisture intrusion. These seals are normally not
adequate to contain special low-conductance gases.

In a double-seal system , a primary sealant, typically butyl, seals the spacer to the glass to prevent moisture
migration and gas loss, and a secondary backing sealant, often silicone, provides structural strength. When
sputtered Low-E coatings are used with double-seal systems, the coating must be removed from the edge first
(“edge deletion”) to provide a better edge seal.

Since aluminum is an excellent conductor of heat, the aluminum spacer used in most standard edge systems
represented a significant thermal “short circuit” at the edge of the IGU, which reduces the benefits of
improved glazings. As the industry has switched from standard double-glazed IGUs to units with Low-E
coatings and gas fills, the effect of this edge loss becomes even more pronounced. Under winter conditions,
the typical aluminum spacer would increase the U-factor of a Low-E, gas fill unit slightly more than it would
increase the U-factor of a standard double-glazed IGU. The smaller the glass area, the larger the effect of the
edge on the overall product properties. In addition to the increased heat loss, the colder edge is more prone to
condensation.

Fenestration product manufacturers have developed a series of innovative edge systems to address these
problems, including solutions that depend on material substitutions as well as radically new designs. One
approach to reducing heat loss has been to replace the aluminum spacer with a metal that is less conductive,
e.g., stainless steel, and change the cross-sectional shape of the spacer. Another approach is to replace the
metal with a design that uses materials that are better insulating. The most commonly used design
incorporates spacer, sealer, and desiccant in a single tape element. The tape includes a solid, extruded
thermoplastic compound that contains a blend of desiccant materials and incorporates a thin, fluted metal
shim of aluminum or stainless steel. Another approach uses an insulating silicone foam spacer that
incorporates a desiccant and has a high-strength adhesive at its edges to bond to glass. The foam is backed
with a secondary sealant. Both extruded vinyl and pultruded fiberglass spacers have also been used in place
of metal designs.

There are several hybrid designs that incorporate thermal breaks in metal spacers or use one or more of the
elements described above. Some of these are specifically designed to accommodate three- and four-layer
glazings or IGUs incorporating stretched plastic films. All are designed to interrupt the heat transfer pathway
at the glazing edge between two or more glazing layers.
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Warm edge spacers have become increasingly important as manufacturers switch from conventional double
glazing to higher-performance glazing. For purposes of determining the overall fenestration product U-
factor, the edge spacer has an effect that extends beyond the physical size of the spacer to a band about 63.5
mm (2.5 inches) wide. The contribution of this 63.5 mm (2.5-inch) wide “glass edge” to the total fenestration
product U-factor depends on the size of the product. Glass edge effects are more important for smaller
fenestration products, which have a proportionately larger glass edge area. For a typical residential-size
window (0.8 by 1.2 meters , 3 by 4 feet), changing from a standard aluminum edge to a good-quality warm
edge will reduce the overall fenestration product U-factor by 0.01 to 0.02 Btu/hr- ft>-°F.
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4.8 Shading Systems

Window coverings are elements added to existing windows to improve energy performance, reduce glare,
provide privacy, or enhance the appearance or comfort of a home. Examples of window coverings include:

interior shades and drapes, exterior shades, shutters, and awnings. More examples are shown below in Figure
4-4.

WINDOW and THERM are designed to simulate the thermal performance of many of these shade types.
WINDOW and THERM do not currently simulate non-coplanar systems, such as awnings. Shades may be
places on the room-side, exterior-side, or between glass panes. Many of these shading types are operable,
meaning they may be placed in two or more positions. The overall thermal performance of a shading system
is highly dependent on the operation.

Interior louvered blind Interior cellular shade Interior pleated shade

Interior solar screen Interior roller shade Interior window quilt

Exterior solar screen Exterior roller shade Exterior roller shutter

Figure 4-4. Shading systems that can be modeled in THERM and WINDOW.
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5.1. Overview

Much of the information in this chapter is taken from the book Residential Windows: A Guide to New
Technologies and Energy Performance by John Carmody, Stephen Selkowitz, and Lisa Heschong. Additional
information can also be found in the ASHRAE Handbook of Fundamentals.

5.2 Energy Flow Mechanisms

Overall energy flow through a fenestration product is a function of:

Temperature Driven Heat Transfer: When there is a temperature difference between inside and
outside, heat is lost or gained through the fenestration product frame and glazing by the combined
effects of conduction, convection, and radiation. This is indicated in terms of the U-factor of a
fenestration assembly.

Solar Gain: Regardless of outside temperature, heat can be gained through fenestration products by
direct or indirect solar radiation. The amount of heat gain through products is measured in terms of
the solar heat gain coefficient (SHGC) of the glazing.

Infiltration: Heat loss and gain also occur by infiltration through cracks in the fenestration assembly.
This effect is measured in terms of the amount of air (cubic feet or meters per minute) that passes
through a unit area of fenestration product (square foot or meter) under given pressure conditions. In
reality, infiltration varies with wind-driven and temperature-driven pressure changes. Infiltration
also contributes to summer cooling loads in some climates by raising the interior humidity level.

The 2001 ASHRAE Handbook of Fundamentals contains the following equation for calculating the energy flow
through a fenestration product (assuming no humidity difference and excluding air infiltration):

q

Where:

= U™ At (tout—tin) +(SHG Ci* At * Er)
[5-1]
q = instantaneous energy flow, W (Btu/h)
U; = overall coefficient of heat transfer (U-factor), W/m?2-°K (Btu/h-ft?-°F)
tin = interior air temperature, °C (°F)
Fout = exterior air temperature, °C (°F)
Apy = Total projected area of fenestration, m? (ft?)

SHGC; = overall solar heat gain coefficient, non-dimensional

E: = incident total irradiance, W/m?2 (Btu/h-ft?)

This equation shows that the properties of U-factor, SHGC, and infiltration are major factors which determine
the energy flow through a fenestration product.
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5.3 Temperature Driven Heat Transfer
Fenestration product heat loss/gain due to temperature is a combination of three modes of heat transfer:

1. Conduction (heat traveling through a solid material, the way a frying pan warms up) through glazing,
spacer, and frame elements

2. Convection (the transfer of heat by the movement of gases or liquids, like warm air rising from a candle
flame) through air layers on the exterior and interior fenestration product surfaces and between glazing
layers

3. Radiative heat transfer (the movement of heat energy through space without relying on conduction
through the air or by movement of the air, the way you feel the heat of a fire) between glazing layers, or
between IG units and interior or exterior spaces.

Solar radiation absorbed by glazing layers will contribute to the temperature driven heat transfer, while solar
radiation transmitted by the glazing system will be independent of the temperature driven heat transfer.
Absorbed solar radiation will partially be transmitted into the conditioned space and will be included in
SHGC. These three modes of heat transfer are shown schematically in Figure 5-1. Heat flows from warmer to
cooler bodies, thus from inside to outside in winter, and reverses direction in summer during periods when
the outside temperature is greater than indoors.

The amount of heat transfer due to these three processes is quantified by its U-factor (W/m?2-°C or Btu/h-ft-
°F). The inverse of heat flow, or resistance to heat transfer, is expressed as an R-value.

<*+— Double-glazea
window

OUTDOORS INDOORS

Convection
% e and

conduction

MYM
AM

Thermal

radiation
Figure 5-1. Mechanisms of heat transfer in a fenestration product.

5.3.1. Conduction

Compared to a well-insulated wall, heat transfer through a typical older fenestration product is generally
much higher. A single-glazed fenestration product has roughly the same insulating qualities as a sheet of
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metal —most of the insulating value comes from the air layer on each surface of the glass. Such a product can
be considered a thermal hole in a wall and typically has a heat loss rate ten to twenty times that of the wall. A
product with such a poor insulating value allows heat to flow out of a space almost unimpeded. If the
temperature inside is 21°C (70°F) and outside is -18°C (0°F), the glass surface of a single-glazed product
would be about -8°C (17°F) — cold enough to form frost on the inside of the glass.

5.3.2. Convection

Convection affects the heat transfer in many places in the assembly: the inside glazing surface, the outside
glazing surface, inside frame cavities, and inside any air spaces between glazings. A cold interior glazing
surface cools the air adjacent to it. This denser cold air then falls to the floor, starting a convection current
which is typically perceived as a “draft” caused by leaky fenestration products. One remedy for this situation
is to install a product with lower heat loss rates that provides a warmer glass surface.

On the exterior, a component of the heat transfer rate of a fenestration product is the air film against the
glazing surface. As wind blows across the product (causing convection), and the insulating value of this air
film diminishes which contributes to a higher rate of heat loss. Finally, when there is an air space between
layers of glazing, convection currents can facilitate heat transfer through this air layer. By adjusting the space
between the panes of glass, as well as choosing a gas fill that insulates better than air, double-glazed
fenestration products can be designed to minimize this effect.

5.3.3. Radiation

All objects emit invisible thermal radiation, with warmer objects emitting more than colder ones. Hold your
hand in front of an oven window and you will feel the radiant energy emitted by that warm surface. Your
hand also radiates heat to the oven window, but since the window is warmer than your hand, the net balance
of radiant flow is toward your hand and it is warmed. Now imagine holding your hand close to a single-
glazed window in winter. The window surface is much colder than your hand. Each surface emits radiant
energy, but since your hand is warmer, it emits more toward the window than it gains and you feel a cooling
effect. Thus, a cold glazing surface in a room chills everything else around it.

5.3.4. U-factor

The U-factor is the standard way to quantify insulating value. It indicates the rate of heat flow through the
fenestration product. The U-factor is the total heat transfer coefficient of the fenestration system, in W/m?-°C
(Btu/hr-ft>-°F), which includes conductive, convective, and radiative heat transfer for a given set of
environmental conditions. It therefore represents the heat flow per hour, in Watts (Btu per hour) through
each square meter (square foot) of fenestration product for a 1°C (1°F) temperature difference between the
indoor and outdoor air temperature. The smaller the U-factor of a material, the lower the rate of heat flow.
The total R-value, which measures thermal resistance, is the reciprocal of the total U-factor (R=1/U).

The U-factor depends on the thermal properties of the materials in the fenestration product assembly, as well
as the weather conditions, such as the temperature differential between indoors and outside, and wind
speed. NFRC has standardized the exterior conditions (called environmental conditions) for U-factor
calculations for product ratings using the following temperatures and wind speeds:

=  Wind Speed: 5.5 m/s (12.3 mph)
® Indoor air temperature: 21°C (70°F)
®  Qutdoor air temperature: -18°C (0°F).

Skylights and roof fenestration products are simulated at a 20 degree slope from horizontal.
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5.3.4.1. Total Product U-factor

The U-factor of a total fenestration assembly is a combination of the insulating values of the glazing assembly
itself, the edge effects that occur in the insulated glazing unit, and the insulating value of the frame and sash.

5.3.4.2. Center-of-Glazing U-factor

The U-factor of the glazing portion of the fenestration unit is affected primarily by the total number of glazing
layers, the dimension separating the various layers of glazing, the type of gas that fills the separation, and the
characteristics of coatings on the various surfaces. The U-factor for the glazing alone is referred to as the
center-of-glass U-factor.

5.3.4.3. Edge Effects

A U-factor calculation assumes that heat flows perpendicular to the plane of the fenestration product.
However, fenestration products are complex three-dimensional assemblies, in which materials and cross
sections change in a relatively short space.

For example, metal spacers at the edge of an insulating glass unit have much higher heat flow than the center
of the insulating glazing, which causes increased heat loss along the outer edge of the glazing. The relative
impact of these “edge effects” becomes more important as the insulating value of the rest of the assembly
increases.

5.3.4.4. Frames and Sashes

The heat loss through a fenestration product frame can be quite significant: in a typical 1.2 by 0.9 m (4" by 3")
double-hung wood frame product, the frame and sash can occupy approximately 30 percent of the product
area.

In a frame with a cross section made of one uniform, solid material, the U-factor is based on the conduction of
heat through the material. However, hollow frames and composite frames with various reinforcing or
cladding materials are more complex. Here, conduction through materials must be combined with convection
of the air next to the glazing and radiant exchange between the various surfaces.

Furthermore, frames rarely follow the same cross section around a fenestration product. For example, a
horizontal slider has seven different frame cross sections, each with its own rate of heat flow.

5.3.4.5. Overall U-factor

Since the U-factors are different for the glazing, edge-of-glazing zone, and frame, it can be misleading to
compare U-factors if they are not carefully described. In order to address this problem, the concept of a total
fenestration product U-factor can be calculated in WINDOW and is utilized by many code organizations as
well as the National Fenestration Rating Council (NFRC), an organization that administers a window
certification program in the United States. The default values in WINDOW to calculate the overall U-factor of
a fenestration unit are based on the NFRC methodology. In most cases, the overall U-factor is higher than the
U-factor for the glazing alone, since the glazing remains superior to the frame in insulating value.

The U-factor of a product is calculated with the product in a vertical position. A change in mounting angle
can affect its U-factor.

5.4 Solar Heat Gain and Visible Transmittance

The second major energy performance characteristic of fenestration products is the ability to control solar
heat gain through the glazing. Solar heat gain through fenestration products tends to be the single most
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significant factor in determining the air-conditioning load of a residential building. The intensity of heat gain
from solar radiation can greatly surpass heat gain from other sources, such as outdoor air temperature or
humidity.

Visible transmittance (VT) is an optical property that indicates the amount of visible light transmitted
through the glazing. Although VT does not directly affect heating and cooling energy use, it is used in the
evaluation of energy-efficient fenestration products and therefore is discussed following the solar heat gain
section.

The origin of solar heat gain is the direct and diffuse radiation coming directly from the sun and the sky or
reflected from the ground and other surfaces. Some radiation is directly transmitted through the glazing to
the space, and some may be absorbed in the glazing and then indirectly admitted to the space. Sunlight is
composed of electromagnetic radiation of many wavelengths, ranging from short-wave invisible ultraviolet,
to the visible spectrum, to the longer, invisible near-infrared waves. About half of the sun’s energy is visible
light; the remainder is largely infrared with a small amount of ultraviolet. This characteristic of sunlight
makes it possible to selectively admit or reject different portions of the solar spectrum. While reducing solar
radiation through fenestration products is a benefit in some climates and during some seasons, maximizing
solar heat gain can be a significant energy benefit under winter conditions. These often conflicting directives
can make selection of the “best” product a challenging task. See Section 2.6.9 for a more detailed discussion of
these properties of fenestration products.

Reflection Transmission

Abaorftior]
|

Figure 5-2. A glazing system’s properties of reflection, transmission and absorption determine what happens to solar gain.

5.4.1. Determining Solar Heat Gain

There are two means of indicating the amount of solar radiation that passes through a fenestration product.
These are solar heat gain coefficient (SHGC) and shading coefficient (SC). In both cases, the solar heat gain is
the combination of directly transmitted radiation and the inward-flowing portion of absorbed radiation
(Figure 5-3). However, SHGC and SC have a different basis for comparison or reference. SHGC replaces SC
because it more correctly accounts for angle-dependent effects. SC represents the ratio of solar heat gain
through the system relative to that through 3 mm (1/8-inch) clear glass at normal incidence.
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Figure 5-3. A glazing system’s properties of reflection, transmission and absorption determine what happens to solar gain.

5.4.2. Solar Heat Gain Coefficient (SHGC)

The solar heat gain coefficient (SHGC) represents the solar heat gain through the fenestration system relative
to the incident solar radiation. Although SHGC can be determined for any angle of incidence, the default and
most commonly used reference is normal incidence solar radiation. The default calculations in WINDOW
(which is also required by NFRC ratings) for SHGC is at 0° incidence. The SHGC refers to total fenestration
product system performance and is an accurate indication of solar gain under a wide range of conditions.
SHGC is expressed as a dimensionless number from 0 to 1.0. A high SHGC value signifies high heat gain,
while a low value means low heat gain.

5.4.3. Visible Transmittance

Visible transmittance is the amount of light in the visible portion of the spectrum that passes through a
glazing material. This property does not directly affect heating and cooling loads in a building, but it is an
important factor in evaluating energy-efficient fenestration products. Transmittance is influenced by the
glazing type, the number of layers, and any coatings that might be applied to the glazings. These effects are
discussed in more detail later in this chapter in conjunction with a review of various glazing and coating
technologies. Visible transmittance of glazings ranges from above 90 percent for water-white clear glass to
less than 10 percent for highly reflective coatings on tinted glass.

Visible transmittance is an important factor in providing daylight, views, and privacy, as well as in
controlling glare and fading of interior furnishings. These are often contradictory effects: a high light
transmittance is desired for view out at night, but this may create glare at times. These opposing needs are
often met by providing glazing that has high visible transmittance and then adding attachments such as
shades or blinds to modulate the transmittance to meet changing needs.

When comparing transmittance values between products, it is important to know whether the values being
compared represent the transmittance of the whole product, which include the effect of both glazing and
frame (as in the NFRC certification) or of the glazing alone. In the past, products that reduced solar gain (with
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tints and coatings) also reduced visible transmittance. However, new spectrally selective tinted glasses and
selective coatings have made it possible to reduce solar heat gain with little reduction in visible transmittance.

5.5 Condensation Resistance

Condensation has been a persistent and often misunderstood problem associated with windows. In cold
climates, single-glazed windows characteristically suffer from water condensation and the formation of frost
on the inside surface of the glass in winter. The surface temperature of the glass drops below either the dew
point or frost point of the inside room air.

Excessive condensation can contribute to the growth of mold or mildew, damage painted surfaces, and
eventually rot wood trim. Since the interior humidity level is a contributing factor, reducing interior humidity
is an important component of controlling condensation.

Condensation can also be a problem on the interior surfaces of window frames. Metal frames, in particular,
conduct heat very quickly, and will “sweat” or frost up in cool weather. Solving this condensation problem
was a major motivation for the development of thermal breaks for aluminum windows.

Infiltration effects can also combine with condensation to create problems. If a path exists for warm,
moisture-laden air to move through or around the window frames, the moisture will condense wherever it
hits its dew point temperature, often inside the building wall. This condensation can contribute to the growth
of mold in frames or wall cavities, causing health problems for some people, and it encourages the rotting or
rusting of window frames. Frames must be properly sealed within the wall opening to prevent this potential
problem. In some instances, the infiltration air will be dry, such as on cold winter days, and it will thus help
eliminate condensation on the window surfaces.

Condensation can cause problems in skylights and roof windows as well as typical windows. “Leaky”
skylights are frequently misdiagnosed. What are perceived to be drops of water from a leak are more often
drops of water condensing on the cold skylight surfaces. A skylight is usually the first place condensation
will occur indicating too much moisture in the interior air. Insulating the skylight well and providing
adequate air movement assists in reducing condensation. Also, the use of more highly insulating glazing with
a well-designed frame can help solve this problem. In many systems, a small “gutter” is formed into the
interior frame of the skylight where condensate can collect harmlessly until it evaporates back into the room
air.
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5.5.1. Impact of Glazing Type and Spacers on Condensation

Figure 5-4 indicates condensation potential for four glazing types at various outdoor temperature and indoor
relative humidity conditions. Condensation can occur at any points that fall on or above the curves. As the U-
factor of windows improves, there is a much smaller range of conditions where condensation will occur.
Figure 5-4 must be used with caution, since it shows condensation potential for the center of glazing area only
(the area at least 63.5 mm (2.5 inches) from the frame/ glazing edge). Usually condensation will first occur at
the lower edge of the product where glazing temperatures are lower than in the center.

As Figure 5-4 shows, double-glazed products create a warmer interior glazing surface than single-glazing,
reducing frost and condensation. The addition of low-E coatings and argon gas fill further reduce
condensation potential. The triple-glazed product with low-E coatings has such a warm interior surface that
condensation on any interior surfaces may be eliminated if humidity levels are maintained at reasonable
levels.

Condensation for typical glazing 100
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following shaded areas on the 20
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Figure 5-4. Condensation potential on glazing (center of glazing) at various outdoor temperature and indoor relative humidity
conditions.
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Condensation forms at the coldest locations, such as the lower corners or edges of an insulated product even
when the center of glazing is above the limit for condensation. Generally, as the insulating value of the
glazing is improved, the area where condensation can occur is diminished. Condensation potential increases
as the outdoor temperature is lowered and the indoor relative humidity increases.

5.5.2. Condensation Resistance

NFRC has developed a Condensation Resistance (CR) value for rating for how well a fenestration product can
resist the formation of condensation on the interior surface of the product at a specific set of environmental
conditions. The CR calculation method is defined in the NFRC 500: Procedure for Determining Fenestration
Product Condensation Resistance Values. WINDOW calculates the CR value based on the NFRC assumptions.

5.5.3. Outdoor Condensation

Under some climate conditions, condensation may occur on the exterior glazing surface of a window. This is
more likely to occur on higher-performance windows with low-E coatings or films, and low-conductance gas
fills that create very low U-factors. By preventing heat from escaping from the interior, the exterior surfaces of
the window approach outside air temperature. These exterior temperatures may be below the exterior dew
point causing condensation on the exterior glazing surfaces. This is most likely to happen when there is a
clear night sky, still air, and high relative humidity, in addition to the right temperature conditions. Like
other dew formed at night, exterior window condensation will disappear as surfaces are warmed by the sun.
It is the excellent thermal performance of well-insulated glazing that creates the condition where the outer
glazing surface can be cold enough to cause condensation to form.

5.5.4. Condensation Between Glazings

A more annoying problem can arise with double-pane windows, which is condensation between the panes.
Moisture can migrate into the space between the panes of glass and condense on the colder surface of the
exterior pane. This condensation is annoying not only because it clouds the view and stains the interior
surfaces, but because it may mean that the glazing unit must be replaced if it is a sealed insulating glazing
unit. In a non-sealed unit, simpler remedies may correct the situation.

Factory-sealed insulated glazing utilizes a permanent seal to prevent the introduction of moisture. The void
may be filled with air or dry gases, such as argon. A desiccant material in the edge spacer between the panes
is used to absorb any residual moisture in the unit when it is fabricated or any small amount that might
migrate into the unit over many years. These windows will fog up when moisture leaking into the air space
through the seals overwhelms the ability of the desiccant to absorb it. This could happen early in the
window’s life (the first few years) if there is a manufacturing defect, or many decades later because of
diffusion through the sealant. Quality control in manufacture, sealant selection, window design, and even
installation can influence the rate of failure. Once a sealed window unit fails, it is not generally possible to fix
it, and the sealed unit must be replaced. Moisture in the unit is also likely to reduce the effectiveness of low-E
coatings and suggests that gas fills may be leaking out. Most manufacturers offer a warranty against sealed-
glazing failure which varies from a limited period to the lifetime of the window.

When condensation occurs between glazings in a non-sealed unit, there are several possible remedies. Most
manufacturers who offer non-sealed double glazing include a small tube connecting the air space to the
outside air, which tends to be dry during winter months. Check to be sure that the inner glazing seals tightly
to the sash, and clear the air tube if it has become obstructed. In some cases, reducing interior room humidity
levels may help alleviate the problem.
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5.6 Infiltration

Infiltration is the leakage of air through cracks in the building envelope. Infiltration leads to increased heating
or cooling loads when the outdoor air entering the building needs to be heated or cooled. Fenestration
products and doors are typically responsible for a significant amount of the infiltration in homes. In extreme
conditions, depending on the type and quality, infiltration can be responsible for as much heat loss or gain as
the rest of the product. The level of infiltration depends upon local climate conditions, particularly wind
conditions and microclimates surrounding the house. Typically, U-factor and SHCG effects far outweigh
infiltration effects. Tight sealing and weatherstripping of the fenestration product, including sash, and frames
is of paramount importance in controlling infiltration.

High quality fixed fenestration products help to reduce infiltration because they are easier to seal and keep
tight. Operable fenestration products are necessary for ventilation, but they are also more susceptible to air
leakage. Operable units with low air leakage rates are characterized by good design and high-quality
construction and weatherstripping. They also feature mechanical closures that positively clamp the product
shut against the wind. For this reason, compression-seal products such as awning, hopper, and casement
designs are generally more effectively weatherstripped than are sliding-seal products. Sliding products rely
on wiper-type weatherstripping, which is more subject to wear over time and can be bypassed when it flexes
under wind pressure.

5.7 Solar Properties of Glazing Materials

Three things happen to solar radiation as it passes through a glazing material. Some is transmitted, some is
reflected, and the rest is absorbed. These are the three components of solar that determine many of the other
energy performance properties of a glazing material, such as the solar heat gain coefficient and shading.
Manipulating the proportion of transmittance, reflectance, and absorptance for different wavelengths of solar
radiation has been the source of much recent innovation in fenestration energy performance.

Visible light is a small portion of the electromagnetic spectrum. Beyond the blues and purples lie ultraviolet
radiation and other higher-energy short wavelengths, from X rays to gamma rays. Beyond red light are the
near-infrared, given off by very hot objects, the far-infrared, given off by warm room-temperature objects,
and the longer microwaves and radio waves.

Glazing types vary in their transparency to different parts of the spectrum. On the simplest level, a glass that
appears to be tinted green as you look through it toward the outside will transmit more sunlight from the
green portion of the visible spectrum, and reflect/absorb more of the other colors. Similarly, a bronze-tinted
glass will absorb the blues and greens and transmit the warmer colors. Neutral gray tints absorb most colors
equally.

This same principle applies outside the visible spectrum. Most glass is partially transparent to at least some
ultraviolet radiation, while plastics are commonly more opaque to ultraviolet. Glass is opaque to far-infrared
radiation but generally transparent to near-infrared. Strategic utilization of these variations has made for
some very useful glazing products.

The basic properties of glazing that affect solar energy transfer are:

= Visible transmittance
= Reflectance
= Absorptance

Each is described below.
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5.7.1. Transmittance

Transmittance refers to the percentage of radiation that can pass through glazing. Transmittance can be
defined for different types of light or energy, e.g., “visible light transmittance,” “UV transmittance,” or “total
solar energy transmittance.” Each describes a different characteristic of the glazing. Visible transmittance
(VT) is the total fenestration product system's transmittance across the visible portion of the solar spectrum.
Although VT can be determined for any angle of incidence, the default and most commonly used reference is
normal incidence solar radiation. Transmission of visible light determines the effectiveness of a type of glass
in providing daylight and a clear view through the fenestration product. For example, tinted glass has a
lower visible light transmittance than clear glass.

With the recent advances in glazing technology, manufacturers can control how glazing materials behave in
these different areas of the spectrum. The basic properties of the substrate material (glass or plastic) can be
altered, and coatings can be added to the surfaces of the substrates. For example, a product optimized for
daylighting and for reducing heat gains should transmit an adequate amount of light in the visible portion of
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the spectrum, while excluding unnecessary heat gain from the near-infrared part of the electromagnetic
spectrum.

On the other hand, a product optimized for collecting solar heat gain in winter should transmit the maximum
amount of visible light as well as the heat from the near-infrared wavelengths in the solar spectrum, while
blocking the lower-energy radiant heat in the far-infrared range that is an important heat loss component.
These are the strategies of spectrally selective and low-emittance coatings, described later in the chapter.

Figure 5-5. Different glass types have different characteristics for the amount of solar radiation reflected, transmitted, absorbed, and
re-radiated.
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5.7.2. Reflectance

Just as some light reflects off of the surface of water, some light will always be reflected at every glass surface.
A specular reflection from a smooth glass surface is a mirror-like reflection similar to when you see an image
of yourself in a store window. The natural reflectivity of glass is dependent on the quality of the glass surface,
the presence of coatings, and the angle of incidence of the light. Today, virtually all glass manufactured in the
United States is float glass and has a very similar quality with respect to reflectance. The sharper the angle at
which the light strikes, however, the more the light is reflected rather than transmitted or absorbed . Even
clear glass reflects 50 percent or more of the light striking it at incident angles greater than about 70 degrees.
(The incident angle is formed with respect to a line perpendicular to the glass surface.)

Coatings can often be detected by careful examination of a reflected bright image, even if the coating is a
transparent low-E coating. Hold a match several inches from a fenestration product at night and observe the
reflections of the match in the glass. You will see two closely spaced images for each layer of glass, since the
match reflects off the front and back surface of each layer of glass. A wider spacing between the two sets of
pairs of images occurs with a wider air space between the glass panes. A subtle color shift in one of the
reflected images normally indicates the presence of a low-E coating.

The reflectivity of various glass types becomes especially apparent during low light conditions. The surface
on the brighter side acts like a mirror because the amount of light passing through the fenestration product
from the darker side is less than the amount of light being reflected from the lighter side. This effect can be
noticed from the outside during the day and from the inside during the night. For special applications when
these surface reflections are undesirable (i.e., viewing merchandise through a store window on a bright day),
special coatings can virtually eliminate this reflective effect.

The reflectivity of glass can be increased by applying various metallic coatings to the surface. Early processes
used a liquid alloy of mercury and tin to create mirrors. A silvering process developed in 1865 improved the
performance of mirrors. Today, mirror-like surfaces can be created by using vacuum-deposited aluminum or
silver, or with a durable pyrolytic coating applied directly to the glass as it is manufactured. Thick coatings
can be fully reflective and virtually opaque; a thinner coating is partially reflective and partially transmitting.

Most common coatings reflect all portions of the spectrum. However, in the past twenty years, researchers
have learned a great deal about the design of coatings that can be applied to glass and plastic to reflect only
selected wavelengths of radiant energy. Varying the reflectance of far-infrared and near- infrared energy has
formed the basis for low-emittance coatings for cold climates, and for spectrally selective low-emittance
coatings for hot climates.

5.7.3. Absorptance

Energy that is not transmitted through the glass or reflected off of its surfaces is absorbed. Once glass has
absorbed any radiant energy, the energy is transformed into heat, raising the temperature of the glass.

Typical 1/8-inch (3 mm) clear glass absorbs only about 4 percent of incident sunlight. The absorptance of
glass is increased by adding to the glass chemicals that absorb solar energy. If they absorb visible light, the
glass appears dark. If they absorb ultraviolet radiation or near-infrared, there will be little or no change in
visual appearance. Clear glass absorbs very little visible light, while dark tinted glass absorbs a considerable
amount. The absorbed energy is converted into heat, warming the glass. Thus, when these “heat-absorbing”
glasses are in the sun, they feel much hotter to the touch than clear glass. They are generally gray, bronze, or
blue-green and are used primarily to lower the solar heat gain coefficient and to control glare. Since they
block some of the sun’s energy, they reduce the cooling load placed on the building and its air-conditioning
equipment. Absorption is not the most efficient way to reduce cooling loads, as discussed later.
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5.8 Infrared Properties of Glazing Materials (Emittance)

When heat or light energy is absorbed by glass, it is either convected away by moving air or reradiated by the
glass surface. This ability of a material to radiate energy is called its emissivity. Fenestration products, along
with all other household objects, typically emit, or radiate, heat in the form of long-wave far-infrared energy.
This emission of radiant heat is one of the important heat transfer pathways for a fenestration product. Thus,
reducing the product’s emission of heat can greatly improve its insulating properties.

Standard glass has an emittance of 0.84 over the long wavelength portion of the spectrum, meaning that it
emits 84 percent of the energy possible for an object at its temperature. It also means that for long-wave
radiation (where there is no transmittance) striking the surface of the glass, 84 percent is absorbed and only 16
percent is reflected. By comparison, low-E glass coatings have an emittance as low as 0.04. This glazing would
emit only 4 percent of the energy possible at its temperature, and thus reflect 96 percent of the incident long-
wave infrared radiation
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6. Libraries

6.1. Overview

WINDOW consists of the following libraries, which are described in detail in this manual, with a separate
chapter for each library.

=  Window Library

® Glazing System Library

® (Glass Library

= Gap Library

® Frame Library

= Divider Library

=  Environmental Conditions Library
® Shading Layer Library

® Shade Material Library

®" Awning

=  VIG Gap

This chapter explains the features that are common across all the libraries.
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6.2. Libraries in General

Libraries are the main components of the WINDOW program, and each library contains characteristics
necessary for the calculations.

6.2.1. List and Detail Views

There is a “List” and a “Detail” view of the data in each library. The List View shows all the records (rows) in
the library but only some of the fields (columns with data), and the Detail View shows all the data (or fields)
for one record. Most changes to the library records are made in the Detail View.

The List View of the Frame Library
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Projected Frame Dimension: 42,875 mm

View of the library Material Abs:  0,300000
Color: [N
The Detailed View of the Frame EE—— Wetind 5575 mm
Library for the selected record, ID #5. EommEE

Frame and Edge Condensation (based on THERM simulation)
@30%RH | @30%RH | @70%RH | Overal
Frame 0.002 0018 0.055 975
Edge 0.008 0.133 0264 865

Figure 6-1. Switching between the List View and Detail View in a Library.
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6.2. Libraries in General

6.2.2. Selecting Records from Libraries

From many of the libraries, it is necessary to select records from other libraries. For example, in the Window
Library Detail View, in order to define a window, it is necessary to select records from the

e Frame Library
e Glazing System Library
e Divider Library (optional)

From the Glazing System Library Detail View, it is necessary to select records from the

e Glass Library
e Gap Library
e VIG Gap Library

Shading Layer Library (optional)

There are several different options for selecting records from other libraries, as discussed below.

One method is to click on the double arrow icon where it appears. This will open a small dialog box with a
listing showing all the records and their associated fields from that library.

It is also possible to type the ID number in the ID field, if that is known, and the program will display the

appropriate record.
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9920 EnAdvLEZ LOF
959271 EnAdvLE3.LOF
9922 EnAdvLE4 LOF

Energy Advantage™ Low-E
Energy Advartage™ Low-E
Energy Advartage™ Low-E

Pilkington North IGDBw17.4  #
Pilkington North IGDBw17.4  #
Pilkington North IGDBw17.4  #

mm
2240
3.000
3.300

Al 5901 | LOW-E_5.LOF Energy Advartage™ Low-E | Pilkington North| IGDB v11.4 m
9924 LOW-E_6.LOF Energy Advantage™ Low-E  Pilkington Morth IGDB v11.4  # 5639
9525 EnAdvLEB.LOF Energy Advantage™ Low-E  Pilkington Morth IGDB v17.4  # 7.500
Figure 6-2. Selecting a record from another library.
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6.2. Libraries in General

6. Libraries

6.2.3. Moving Between Records in Detail View

There are several ways to move between records in the Library Detail View:

=  The Record Menu contains choices for First Record, Previous Record, Next Record, Last Record

=  The Toolbar has buttons for first E, previous

records.

6.2.4. Creating New Records

4

next E, and last E record to move between

New records are created in the List View of any of the libraries. From the List View, there are two methods

for creating new records, either:

= Use the Copy button to copy an existing record and change the data that is different for the new record.

*  Use the New button to create a new record, based on a default record that is automatically included in

the program for each library.

File Edit Libraries Becord Tools Wiew Help
b= Hoeel; O#7@AYV% 2
Glazing System Library (C:\Uszers"PublichLBNLWWINDOWSE. 1w 8 mdb)
Detailed View
Cale ID Name Lgy‘jm Mode| Tit | Efionmerta
New
/v 1 Single Clear 1 # g0 NFRC 100-2010
Copy 3 Double Clear Air 2 # g0 NFRC 100-2010
Delete 3 Double Low-e Air pd # g0  NFRC 100-2010
Step 1: - 4 Double Clear with Argon 2 # 50 NFRC 100-2010
Click on the New D - 5 | Triple Clear 3 # 9y NFRC 1002010
button to copy the 7 Double high solar gain low-e 2 # g0 NFRC 100-2010
highlighted record. 9 Sample GlzSys 2 # g0 NFRC 100-2010
Advanced... 10 Double low- fair) - deflected 2 # 5y NFRC 100-2010
P e ol 11 Trple low-e (argon) - deflected 1 H g0 NFRC 100-2010
import 20 Double low-e {argon) with ext. perforated screen 3 # g0 NFRC 100-2010
10  Double low-e {argon) with int. horiz. VB {45 deg) 3 H g0 MNFRC 100-2010
Step 2: Export 11  Double low-e {argon) with inbetween horiz. VB (45 deg) 3 # g0 NFRC 100-2010
The Adding a record Report 32 Double low-e (argon) with ext. horiz. VB {45 deg) 1 # g0 NFRC 100-2010
d?alog box is ot 33 Double low-e {argon) with ext. vertical VB (0 deg) O g0 NFRC 100-2010
dISpIaVEd' = 40  Double low-e {argon) with ext. woven shade, 3% openness 3 # g0  NFRC 100-2010
OK Step 3:
Cancel A unique ID will automatically be
assigned to the new record. A different
ID for new 201 < ID number can be entered. An existing ID
can be overwritten by checking the
. “Overwrite existing records” checkbox.
Bt T Click OK to add the new record.

Figure 6-3. Creating a new record.

Creating New Records Using New Button

New records can be created in the List View using the New button, which will make a new record based on
the values in the WINDOW default record for that Library. Go to the Detailed View of the new record and
make the desired changes to the input values.
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6. Libraries 6.2. Libraries in General

Creating New Records Using the Copy Button

New records can be created in all the libraries by copying an existing record (by highlighting it and clicking
on the Copy button in the List View) and then editing the new record with the desired values in the Detailed
View.

File Edit Libraries Record Tools View Help
- = B el O#7@aAYV%
tep 2:
H Glazing System Library (C:\Users"Public ' LBNLWINDOWSE.1'w8 mdb)
Click on the Copy Detaled View
button to copy the — — |
highlighted record.\ Cale ID Name Lovers | Mode | Tit C"J:é‘“r:“:n’:a
Mew
Step 1: \ 1 Single Clear 1 # 90  NFRC 100-2010
Click on the Copy 2 Double Clear Air 2 # g0  NFRC 100-2010
record to copy to Delete 1 Double Low-e Air 5 # 90 NFRC 100-2010
highlight it Hnd\‘*’n Double Clear with Argon 2 |# 50 | NFRC 100-2010
D " 5  Triple Clear 3 # g0 NFRC 100-2010
7  Double high solar gain low-e 2 # g0  NFRC 100-2010
g Sample GlzSys 2 # g0  NFRC 100-2010
Advanced. . 10 Double low-e {air) - deflected 2 & 30  NFRC 100-2010
TrrTnE Tl 11 Triple low-e (argon) - deflected 3 H g0  NFRC 100-2010
p— 20 Double low- (argon) with ext. perforated screen 3 # gp  NFRC 100-2010
Impoi
30  Double low-e {argon) with int. horiz. VB (45 deg) 3 # g0  NFRC 100-2010
Export 31  Double low-e {argon) with inbetween horiz. VB (45 deg) i # g0  NFRC 100-2010
Report 32 Double low-e (argon) with ext. horiz. VB (45 deg) 3 H 90 NFRC 100-2010
Prirt 31 Double low-e {argon) with ext. vertical VB (0 deg) 3 # g0  NFRC 100-2010
- 40  Double low-e (argon) with ext. woven shade, 3% openness 3 # g0  NFRC 100-2010
Adding a record.. X
Step 3:
WINDOW will automatically assign a unique ID for &8
the new record. A different ID number can be Cancel

typed, as long as it is unique. Or the Overwrite
existing records box can be checked to replace an > ID fornew 201
existing ID. Click OK to add the new record.

C] Overwrite existing records

Figure 6-4. Create a new record by copying an existing record.
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6.2. Libraries in General 6. Libraries

Step 4:
Highlight the newly copied record to edit it.
/
File Edit Libraries Record Tools Wiew Help
N@d 20 SE:z vy )/ Bao; O#z@aAYV% ®
Step 5:
Click on the Detailed |y Detaied View Glazing System Library (C:%\Users ' PAblic\LEMLYWINDOWE. 1w 8 mdb)
View buttonor —"] ™ P—
. vironmental
double click the L D / Name Layers | Mede| Tt | e ions
highlighted record to New /
open the detailed 100  Sample GfzSys - Louvered Shutter L1 Dtilt EERE:; 90 NFRC 100-2010
view. Copy 101 Sampl/GlzSys - Louvered Shutter L1 45+t 3 # 90 NFRC 100-2010
Delete 102  Sample GlzSys - Louverad Shutter L1 -45tikt 1 H# g0 NFRC 100-2010
Find 103 dmple GlzSys - Louvered Shutter L1 87 tile k1 =3 g0 NFRC 100-2010
D - 3 Double Clear with Argon 2 # NFRC 100-2010

Step 6:
In the Detailed View, edit the fields as needed to define the new record
\
File Edit Libraries Record Tools View Help
NsH s RR S B warn\Foel; O#%7 @aAV% ¢
-
D& 201 Mame: Double Clear with Argon
Calc (F3) £ 2 * @& 90 ° IGHeiht 1000.00 mm
N Environmental ¥ » .
MNew Conditions: MFRC 100-2010 IG Width:  1000.00 mm
Copy Comment:
Delete
— Overall thickness: 18,796 mm Mode: # [ Model Deflection 1 2
Report
Radiance
[ ] o | Name Mode| Thick | DCenter |Fip| Tsol | Rsoll | Rsol2 | Tvis | Rvist |
j Glase 1 »» 102 CLEAR_3.DAT # 30 Cjos3¢ 0075 0075 0899 0083
j Gap 1 »» & Air (5%) / Argon (35%) M 127
j Glase 2 »» 102 CLEAR_3.DAT # 30 Cjos3¢ 0075 0075 0899 0083

Figure 6-5. Edit the newly created record in the Library Detail View.
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6. Libraries

6.3. Standards Files

6.3. Standards Files

WINDOW uses “standards files” to calculate the optical properties in many of the libraries, including the

Glass Library (for calculating the averaged optical properites), the Glazing System Library (for calculating the
optical properties) and the Window Library (for calculating the optical properties of the complete fenestration

product).

These standards files are text files and are located in the “LBNL Shared” subdirectory of the “Program Files

(x86)” directory, and have the extension “*.std”. The default standards file for WINDOW is called

“W5_NFRC_2003.std”.

Figure 6-6. Standards files are found in the Program Files (x86)/LBNL/LBNLShared/Standards directory.

Bry - Share with = Burn

MName

| 7] NFRC_200_2003.std

) prEN_410.5td

7| Radiance.std

9] W5_MNFRC_2003.std

9] W7_G173_37Tilt_Direct.std
7] W7_G173_37Tilt_Glebal.std
9] W7_G197_20Tilt_Direct.std
7] W7_G197_20Tilt_Glebal.std
9] W7_G197 90Tilt_Direct.std
7] W7_G197_90Tilt_Glebal.std
4] WINDOW4 std

05 (C:) » Program Files (x86) » LBML » LBNL Shared » Standards

Compatibility files MNew folder

=
Date modified Type

1/6/2003 11:53 AM  STD File
9/5/2002 3:54 PM STD File
9/5/2002 3:54 PM STD File
9/5/2002 3:54 PM STD File
1/17/2014 6:09 PM STD File
1/17/2014 6:09 PM STD File
1/17/2014 6:10 PM STD File
1/17/2014 6:10 PM STD File
1/17/2014 6:11 PM STD File
1/17/2014 6:11 PM STD File
9/5/2002 3:54 PM STD File

Each standards file contains information for the optical calculations, and in many cases references other files
for spectrum definitions, that are located in that same directory. In the W5_NFRC_2003.std file, many source
spectrum (*.SSP) files are referenced.
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6.3. Standards Files 6. Libraries

[E= W5_NFRC_2003.std E3
Standard Description : Consistent with NFRC 300-2003 - default for WINDOWS
Standard Provides Methods: SCOLAR, PHOTCPIC, COLOR_TRISTIMX, COLOR TRISTIMY,

LR

2 Hame : 50LAR

Description : NFRC 300-2003 Solar

Source Spectrum : ASTM E891 Table 1 Direct AM1 5.s=p
Detector Spectrum : None

)

Wawvelength Set : Source
Integration Rule :@: Trapezoidal

B

10 Minimum Wavelength : 0.3
Maximum Wavelength : 2.5

I
[N

Hame : PHCTCPIC

14 Description : NFRC 300-2003 Photopic

Source Spectrum : CIE Illuminant D65 1lnm.ssp
Detector Spectrum : ASTM E308 1931 Y.dsp

1 Wawvelength Set : Color Smm.wvl

@

Integration Rule : Trapezoidal
Minimum Wavelength : 0.38

=W e

Maximum Wavelength : 0.78

Name : COLOR_TRISTIMX

Description : ASTM E308 Color - not in NFRC 300-2003
Source Spectrum : CIE Illuminant D&5 1lnm.ssp
Detector Spectrum : ASTM E308 19&4 X.dsp

Wawvelength Set : Color Smm.wvl

Integration Bule : Trapezoidal (Normalized, k=1.0)

[ T

1 @ N b

Minimum Wavelength : 0.38

L T T B R
I

w o

Maximum Wavelength : 0.78

Figure 6-7. The STD file references other SSP files.

The standards file can be changed from the File menu, Preferences choice, Optical Data tab, and clicking on
the Browse button in the “Standards File” section.

Options Themnal Calcs  Optical Cales  Optical Data  Radiance Deflection  Updates

Use the following database for optical data:

© |GDE or IGDB Update
C:\Users\Public\LBNL\LBMNL Shared"Glazingmdb  Browse

() Optics User database

Browse

() IGSDE (https:/figedb Ibl.gov)

Standards File
BMLALBML shared\Standards’\ W5 NFRC 2003 st e

Figure 6-8. The standards file can be specified in the File/Preferences/Optical Data tab.
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7. Window Library

The Window Library is where the whole product is constructed from each of the components (frames, glazing
systems, dividers, environmental conditions). The calculation results will be for the entire product.

7.4. Window Library List View
The List View shows all the records in the Window Library.

Detailed View

Calc

Advanced...
3 records found.
Import
Export
Report

Frint

Window Library (C:\Users"Public\LBML*WINDOW&.1%W8 mdb)

» Sample Double Casement

D Mame Type Width Height | factor SHGC | Twis

mm mm Wim2-K
Casement - Double | 1200 2050
Fixed {picture) 1200 1500 2002 0603 0648
Fixed {picture) 1200 1500 1.680 0.557  0.580

2 Sample Glz Sys
7 Sample GlzSys - Louvered Shutter L1 0 Tilt

Figure 7-1. Window Library, List View.

The buttons on the left hand side of the List View have the following functions:

Detailed
View

Calc

New

Copy

Used to access the detailed view of the record, where the input values can be edited.

Click to calculate selected or all records

Calculate *

Calculate
© Selected recordis)
() All records

Cancel

Figure 7-2. Calculation options
Used to make a new record.

Used to copy an existing record (including name and all associated input values) into a

WINDOW 8.1 User Manual
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7.4. Window Library List View 7. Window Library

new record.

Delete Used to delete the highlighted record(s).

Find Used to find a record based on the field selected from the pulldown list, and a value
typed into the input box.

Figure 7-3. Pulldown list of fields to specify for the Find functionality

Advanced: Used to access a more advanced method of searching the list

Find s
Fiod what: |

(] Match sntire el tent Dunection Cancel
(] Match gase Ol Olown

Figure 7-4. Find dialog box

Import Used to import records from the Window Library of other WINDOW databases

The Browse button can be used to select the WINDOW database to import from.

Impart x

Format  WINDOW Database e

Import source  C:YUsers‘\PublicLBMLLBML Shared\w8_1_30

(-] Avoid creating duplicate records in export database by searching
for identical records

oK Cancel

Figure 7-5. Import dialog box

Export Used to export Window records to either another WINDOW database or a comma-
separated text file of the Window Library list. The Format pulldown list allows
selection of these export options.
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7. Window Library

7.4. Window Library List View

Export X
Export:

0 5elected recordis)

() All records

Format  WINDOW Database v

Export C:‘Users‘Public\LBNLYWINDOWSE. 1\ Sample New
(] Awvoid creating duplicate records in export database by searching
foridentical records
oK Cancel
Figure 7-6. Export dialog box
Report Used to create one of several reports.
Heport *
Report type: [Library List —1 | Library List “
Generste report for Detailed
Seleciad recond(s) DOE-2
. Energy Flus
O A recards Energy Plus IDF File
Energy Plus BSDF IDF File
AERC Energy Plus BSDF ID
Tt file oplbiona
B Uiz default column widths
B Wrap cohurns
&8 Freview
oK | Cancel

Figure 7-7. Report options.

Report type: The following reports are available from the List view (see the section on
Reports, which presents the details of each report):

Library List: A list of the records and all the fields displayed in the List view.

Detailed: a report listing all the information associated with the record. If multiple
records are selected, one file is generated with the detailed report of each
appended onto the file.

DOE-2: areport (text file) that contains input data to be used with the DOE-2
hourly simulation program. Due to restrictions in the DOE2 program, this file can
only be created from windows with one light, and with generic frames that are all
of the same frame type.

Energy Plus: a report (text file) that contains input data to be used with the Energy
Plus hourly simulation program, in a “non-native” Energy Plus format. In contrast
to files for DOE2, Energy Plus files can contain windows with multiple lights,
generic or THERM frames, and dividers. This report is not widely used for Energy
Plus input. The preferred input file is one of the Energy Plus IDF file formats
which contain actual Energy Plus input, rather than the non-native format in this
report.
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7.4. Window Library List View 7. Window Library

® Energy Plus IDF File: a report (text file) that contains the actual Energy Plus input
in the “IDF” format. This file can be copied into a whole building Energy Plus IDF
file to define the windows in the building.

®  Energy Plus BSDF IDF File: a report (text file) that contains the actual Energy Plus
input in the “IDF” format, with the addition of the Energy Plus BSDF (Bi-
directional Scattering Distribution Function) matrix, that WINDOW generates for
“complex” glazing systems, such as those with shading systems.

® AERC Energy Plus BSDF IDF: a report (text file) that contains the actual Energy
Plus input in the “IDF” format, with the addition of the Energy Plus BSDF matrix,
specifically constructed to be used with the AERCalc software program. This
report is generally used to “debug” input to the AERCalc program and is not
designed to be used directly with the AERCalc program.

Generate report for

®  Selected record(s): This option generates a report for only selected records, both
contiguous and non-contiguous, in the List view.

® Allrecords: This option generates a report for all the records in the List view

Text file options

In some cases, the best outcome for the report will be to uncheck both of these boxes,
which results in no data truncation or wrapping

= Use default column widths: a checkbox which will use default column widths for
each column. If this option is selected, wrap columns should also be selected -
otherwise, the text in the fixed column widths will be truncated.

®  Wrap columns: a checkbox which directs the program to wrap the text in columns
if it does not fit into the default column width.

1D Hame Type Width Height Tfactor
inches inches Btush-ft2-F

1 Sanple Picture Window Fized {picture) 47 .24 59 06 0. 340

2 Sanple Horizontal Slider Horizontal Slide 59.06 47 .24 0.359

3 Sanple Double Casement Cazement — Doubl 47 24 59,05 0.359

4 Samnple Vertical Slider Vertical Slider 47 .24 59 06 0. 357

Figure 7-8. Report preview with both Default column widths and wrap columns unchecked.

Preview: Checking this box will display the report in a separate dialog box.

| Report CAUsers\Public\LENLYWINDOW? S\report tmp. [
Save Print Clase
D Heame Type Width Height Ufactor SHGC Tvis
inches inches Btush-ft2-F

1 Sample Picture Windo Fized (picture) 47.24 59.086 0.340 0.526 0.561
W

2 Sample Horizontal S1 Horizontal Slide 59.06 47 .24 0359 0.586 0.629
ider T

3 Sample Double Casems Cazement — Doubl 47,24 §9.05 0.359 0.581 0.623
nt e

4 Sample Vertical Slid Vertical Slider 47.24 59.06 0357 0.586 0.629
er

Figure 7-9. Report Preview dialog box.
The preview screeh has three buttons which allow the following options

® Save: This option allows saving the report to a text file, including the option to
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7. Window Library 7.5. Window Library Detail View

browse to a specific directory and give the file a specific name.
®  Print: This option brings up the standard printer dialog box for installed printers

®  (Close: This option closes the preview screen.

Print Used to print a report which contains a list of all the records in the library.

7.5. Window Library Detail View

The Detail View shows details of individual windows in the Window Library. The upper left section of the
screen is used to input the window characteristics. The upper right section of the screen shows a graphic
representation of the window based on the input values. It is possible to see the selected components for
frames, glazing systems, and dividers by clicking on the specific graphic elements; this will cause information
about that element to appear in the lower right corner. The lower left section of the screen shows the
calculation results for the whole product. These results become "?" when any of the input values change, and
can be recalculated by clicking in the Calc button. To define the number of dividers in a window, click on the
Dividers button, and input the correct number of horizontal and vertical dividers.

File Edit Libraries PRecord Tools View Help
@l b B B 4B ®©€0: OH:Z @AY R
| 2 L
Mame Sample Glz Sys
Mode MFRC -
Type | Fixed {picture) | 2=
Copy
Width 1200 mm
Delete Height 1500 mm
Save Area 1,800 m2
Report Tilt El]
() Dividers Environmental Conditions
— MFRC 100-2010 e
Dividers
() Awnings B check glazing system compatibility
Generic 1
) Total Window Results - Mormal Incidence
Display mode:
Mormal Click on a component to display characteristics below
U-factor 1.998 Wm2+K
SHGC 0.603
SHECNT Detall R B
CI 45
CIU NfA

Figure 7-10. Window Library, Detail View.
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7.5. Window Library Detail View

7. Window Library

7.5.1. Buttons

The buttons on the left hand side of the Detail View have the following functions:

List

Calc

New

Copy

Delete
Save
Report

Dividers
checkbox

Dividers
button

Used to access the List view of the Glass Library, which shows all the records in the
library

Used to calculate the optical and thermal results for the window.

Used to make a new record.

Used to copy an existing record (including name and all associated input values) into a
new record.

Used to delete the current record.
Used to save the current record.
See the List View / Report description.

A checkbox that when checked will display dividers.

Click this button to define the dividers for the window.

Divider Configuration *

# of Horizontal Dividers | Automatic v
# of Verical Dividers Cancel

Apply to Vision Area | All v Aoply

The choices for the # of horizontal and vertical dividers are as follows

Divider Configuration *
# of Horizortal Dividers | v
MNone
# of Vertical Dividers | A tomatic Cancel
1
Apply to Vision Area |2
3
4
5
____ g I

8
5
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7. Window Library 7.5. Window Library Detail View

Awnings A checkbox that when checked allows defining an awning for the window.
checkbox

Awnings can only be modeled for single vision windows, so the Awning checkbox will
be grayed out for other window configurations.

Checking the awning checkbox allows selecting an awning from the Awning Library,
using either the pulldown list or the double arrows to open the library.

ﬂ Awnings

Cancel Find D ~ 1 records found.

[n] Name ProductMame Manufacturer ShadingLayerlD

SHGC/VT This button displays detailed values for the SHGC/ VT calculation.
Detail

SHGC and VT detail *

No Generic Generic
Dividers Dividers Dividers

PDD {mm) 0.000000 19.043993  33.099998

SHGCO 0.002306 0.005779 0.008592
SHGC1 0.873266 0.791586 0.705584
V1O 0.000000 0.000000 0.000000
VT 0.875460 0.735307 0.700333

Figure 7-11. Values displayed by pushing the SHGC/VT Detail button.
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7. Window Library

CR Detail

Display Mode

Normal

Temperature

This button displays detailed values for the Condensation Resistance calculation, if it is
selected for calculation.

CR

CRg

CRe

CRf

CoG1

Header

Header Edge
Left Jamb

Left Jamb Edge
Right Jamb
Right Jamb Edge
Sill

Sill Edae
Dewpoint (C)

Condensation Index Details

- & h h N N M

=l

Area
1.800
1271
0.305
0.224
121
0.050
0.067
0.062
0.086
0.062
0.086
0.050
0.067

@30%RH
78.09
100.00
78.09
87.96
0.0000
0.0001
0.0004
0.00m7
0.0077
0.00m7
0.0077
0.0034
0.0279
259

@50%RH | @70%RH

4335
29.74
4335
7372
0.0011
0.0118
0.0528
0.0183
01322
0.0183
01322
D.0242
0.2013
103

3648
46.60
3648
62.63
0.1523
0.0371
01719
0.0539
0.2635
0.0539
0.2635
0.0630
0.3222
154

Owverall
45.05
62.89
45.05
71.14

0.0511

0.0163

0.0750

0.0246

0.1345

0.0246

0.1345

0.0302

0.1838

This option is currently disabled.

Figure 7-12. Values displayed by pushing the CR Detail button

Normal display of the product, showing the geometry

Temperature map display of the product. This will only be displayed if the frame cross
sections were calculated with THERM.

When Temperature is selected, an additional button appears called Image Control

which allows control of the temperature range displayed.
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7. Window Library

Select Display Mode
= Temperature to see
a temperature map
of the window

Click the Image
Control button to set
the scale for the
temperature image

Image control

% Infrared image
Minimum Temperature C
Mawmimurn Temperature |37 °C

Inside Temperature [£1  °C
Inside RH [50 %
Dewpaint C

i

A temperature legend will

oK also be displayed

Cancel

Figure 7-13. Display mode = Temperature

CURRENTLY DISABLED

7.5. Window Library Detail View
Lt ID# |1 =l
Coalc (F) Mame |Sample Ficture Window I _l
o Mode [NFRC =l
C Type |Fixed [picture] ﬂ ﬂ l '
o
=P ‘whidth 47.244 inches ' '
Delete Height | 59.085 inches
Save Area 19.38 ft2 ' '
Fieport Tilt a0 I |
Ervironmental Conditions - - -
W Dividers [NFRC 1002010 =l
Dividers
A u >
Digplay mode:
Rezet
*W Hold left button and move mouse to rotate
Total Window Results
P Ufactor [ 0,340 Btuhf2F
SHGLCAT Detail CHEC 0526
CR Detail v 0,91
CR 49 [ R R
00 46 93 139 185 231 278 324 370
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7.5. Window Library Detail View 7. Window Library

7.5.2. Field Descriptions

The following section describes the input and results fields in the Window Library Detail Screen.

ID

Name

Mode

Type

Width

Height

The unique ID associated with each window record. This value is automatically
assigned when a new record is created in List View, and can be changed at that time
by the user as long as the value is unique.

The name of the window, input by the user
Currently not enabled.

The Type of window product, from the pulldown list. The Type determines the
display to the right and the number of lites and frame sections available for
definition. It also determines the size of the window, as well as the default width and
height.

The width and height are not editable for most of the window types except for:

e Custom Dual Vision Horizontal
e Custom Dual Vision Vertical

e Custom Single Vision

When any of these three Types are selected, the Width and Height fields can be
input, and the Size field is automatically calculated based on these values.

D Type Slze Width | Height Lapout
i
» Cazement - Double HFRLC 2

2 Casement - Single MFRC 2001 1600.0  Single wision area
3 Door Transom MFRC 2001 BO0.0  Single wizsion area
4 Door MFRC 2001 2090.0  Single wision area
5 Double Door MFRC 2001 2090.0  Horizontal Slider
& Fixed [picture) MFRC 200 1800.0  Single wision area
7  Garage door MFRC 200 24000  Single wision area
o Horizontal Slider MFRC 2001 1200.0 Horizontal Slider
q  Projecting [Awing-Dual) MFRC 2001 12000  Wertical Slider

10 Projecting [#wning-Single] MFRC 2001 BO0.0  Single wizsion area
11 Sidelite MFRC 2001 2000.0  Single wision area
12 Skylight MFRC 2001 1200.0  Single wision area
13 Wertical Shder MFRC 200 1800.0  “ertical Shider

17 Sliding Glass Door MFRC 200 2000.0 Horizontal Shder
18 Glazed W all Spstem MFRC 2001 2000.0 Horizontal Slider

100 Custarn Dual Yizsion Harizontal | Custorn 1200.0 Horizontal Slider

101 Custom Dual Yision Yertical | Custom 15000  Wertical Shder

102  Custom Single Vision Cugtom 1800.0  Single wision area

Figure 7-14. List of choices for the Type field.

Overall width of the product, based on the Type input value. This value is not
editable for most of the Type values, with the exception of the “Custom” Types.
Units: mm (SI); inches (IP).

Overall height of the product, based on Type. Units: mm (SI); inches (IP)

7-10
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7. Window Library

7.5. Window Library Detail View

Area

Tilt

Environmental
Conditions

Overall size of the product, based on the Type input value. This value is not editable
by the user; it is calculated by the program based on the Width and Height values.

Tilt of the product. Default: 90. Units: Degrees from horizontal

Environmental conditions to be applied to the whole product calculations. The
pulldown list shows the records in the Environmental Conditions Library.
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7.5. Window Library Detail View 7. Window Library

Total Window Results

The Total Window Results that are displayed will depend on whether or not awnings are modeled. The
screenshot below shows the results when awnings are modeled

Total Window Results — Normal Incidence

These results are the standard results that are calculated and reported for the window

U-factor The whole product U-factor. Units: W/m2-K ; (SI); Btu/h-ft?-°F (IP).

SHGC The whole product Solar Heat Gain Coefficient. Units: unitless
VT The whole product Visible Transmission. Units: unitless
CR The whole product Condensation Resistance. Units: unitless

Total Window Results — Annual

These results are reported when Awnings are modeled

B Check glazing system compatibility

B Awnings
Generic 1 R =
Total Window Results - Mormal Inddence
Display mode:
MNormal
U-factor 1.998 Wim2-K
SHGC ~ 0.499
SHECNT Detail o s
CI 43
ciu N/A
Total Window Results - Annual
SHGC 0.335
VT 0.338

Figure 7-15. Total Window Results when Awnings are modeled.

SHGC The whole product Solar Heat Gain Coefficient calculated with the awning using
Radiance. Units: unitless

VT The whole product Visible Transmission calculated with the awning using Radiance..
Units: unitless
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7. Window Library 7.6. Creating a New Window

7.6. Creating a New Window

7.6.1. Select the Glazing System for the Window

To view the characteristics of the glazing system of the window, click on the glazing system component and
the information is displayed in the lower right group box, as shown below. This information is from the
Glazing System Library.

To select a new glazing system for this window, click on the glazing system to be changed, and either use the
pulldown list to see the names of all the records in the Glazing System Library, or click on the double arrow
button, and another window will open which displays all the values from the Glazing System Library.

Step 2:
The characteristics of the currently selected glazing
system are displayed in the lower group box.

1

File Edit Libraries Record Tools View Help Step 1:
B BB Boell: O#7ZaApV | T Single click on the
glazing system to
List D# 1 v select it. The glazing
Cale (F9) Name Sample Picture Window system will be
Mode NFRC v hashed, and the color
= Type Fixed {picture) ) EE will change, to
Copy T e e indicate that it has
Delete . T anlo been selected.
Save Area 1.800 m2
Report Tilt 90
[ Dividers Environmental Conditions Step 3:
Dividers NFRC 100-2010 = To change the
(T — 8 chedk glazing system compatibility selected Glazing
Generic 1 System, either:
Display mode: Total Window Results - Normal Incidence Click on the puIIdown
Mormal Click on a compenent to display characteristics below list to see the names
e ? PR from the Glazing
SHGC ? e System Library
MName  Sample GlzSys ~E=
SHGCNVT Deta r ? m 8 Ucenter 2 W/m2K Or
a N/A iayers = o = Click on the double
— _— arrow button to open
U NA Area 1271 SHGC ? a window showing all
AR =2 Ve ? the information from
/ the Glazing Svstem
Results show “?” B Sclect
because the Calc
button h..’;lS not been Select = Cancel Find D ~ 22 records found.
0] em | o] o | P [ Ot T
mm Wem2-K
4 Double Clear with 2 H 50 NFRC 100-2010 18.80 2576
5 Trple Clear 3 H g0 NFRC 100-2010 42 55 1744
7  Double high solargg 2 H 50 NFRC 100-2010 2593 1538
. IS % 50 [NFRCT00010 | 7555 | 13 |

Figure 7-16. Select a Glazing System for the window.
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7.6. Creating a New Window 7. Window Library

7.6.2. Select the Frame for the Window

To view the characteristics of the frame of the window, click on a frame component and the information is
displayed in the lower right group box, as shown below. This information is from the Frame Library.

To select a new frame for this window, click on the frame component to be changed, and either use the
pulldown list to see the names of all the frames in the Frame Library, or click on the double arrow button, and
another window will open which displays all the values from the Frame Library.

Step 2:
The characteristics of the frame will be displayed in the lower right group box.
File Edit Libraries Record Tools View Help Step 1:
S S B@| o EC 4 ME @ OHZ@AV % P Single click on a frame
component to select it.
st D=2 o The frame color will
== Name Sample Glz Sys Fha nge to indicate that
Mode | NFRC o it has been selected.
New
Type Fixed (picture) W xE
Copy
Width 1200 mm I
Delete Height 1500 mm
Save Area 1.800 m2
Report Tilt 90
[ Dividers Environmental Conditions
MFRC 100-2010 ~
Dividers
Bl B check glazing system compatibility
. Step 3:
Generic 1 ==
Diplay mode: Total Window Results - Normal Incdence To change the selected
— - — Frame, either:
U-factor ? W2+ "Chd( on a component to gikplay characteristics below ~ Click on the pulldown list
SHeC ? Feus to see the names from
L Mame  Sample-sill, thmz s the Frame Library
?
SHGCNT Detall L D 7 Uedge ? Mm;\ Or
CrR ? Source /:dge area 0.067 mp ™ Click on the double arrow
CrbetEl CRU ? Ufactor —3.018 W/m2K  PFD  42.875 button to open a window
CRU Detail A rea  0.050 m2 Abs  0.300 showing all the
ifnormation from the
Frame Library.
v
Results show "?" because the Calc button B’ Select X

has not been clicked.

Cancel Find ID ~ 10 records found.

ID Name Source | Type l'j::aaTuee UE\?aEIIS e CorrEgﬁaTion Tﬁginegss
Wim2-K | W/m2-K mm

1 Alwbreak ASHRAE. N/A 5.680 M/A Class1 NAA

2 AMflush ASHRAE. N/A 3570 M/A Class1 NAA

3 Wood ASHRAE M/A 2270 MA Class1 NAA

4 Vinyl ASHRAE M/A 1.700 M/A Class1 NAA

5  sample-head thmz Therm  Head 2095 2337 N/A 259

&  samplejamb thmz Them  Jamb 2010 2335  N/A 255

, | =

Figure 7-17. Select a Frame for the window.
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7. Window Library 7.6. Creating a New Window

7.6.3. Add Dividers to the Window
To add dividers to the window without dividers, click on the Divider button above the Results group box.

File Edit Libraries PRecord Tools Wiew Help
=L 4R S EE M4 | He @ O 2 @AV ?
List ID# 1 “
Cale (F9) MName Sample Picture Window
Mode NFRC w
Mew
Type Fixed (picture) o
Copy
Width 1200 mm
Delete Height 1500 mm
Save Area 1.800 m2
Report Tilt a0
[ Dividers Environmental Conditions
— NFRC 100-2010 ~
Click on the () Awnings B chedk glazing system compatibility
Dividers - -
Generic 1 =
button. . Total Window Results - Normal Incidence
Normal Click on a component to display characteristics below
U-factor 2 W im2+K
SHGC z
SHECMNT Deta VT ?
CI MNfA
cu N/A
Step 2: —p Divider Confil ti
. " . . ivider Configuration
The Divider Configuration dialog box J
will appear. Select the correct number # of Horizontal Dividers |Automatic -

for Horizontal and Vertical Dividers,
and click the OK button.

# of Vertical Dividers | &utomatic

Apply to Yision Area | Al -

i Ltomatic)

000 -] O T e DO D =
o
=
il

10
Figure 7-18. Specify the number of dividers for the window.

WINDOW 8.1 User Manual October 2026 7-15



7.6. Creating a New Window

7. Window Library

File Edit Libraries Tools Wiew Help
L pBR B4 r B @i OH# 7 @AYV KN T
List Io# 1 w
- M, Sample Picture Window Step 3:
ame W .

Calc F3) g < The appropriate number of
Mew oce [NFRC - dividers will be displayed in
— Type Fixed (picture) Wz the window.
= Width 1200 mm |
Delete Height 1500 mm —Sfcep 4: _ N

— Single click on a divider
Save Area 1.800 m2 H
—_— component to select it.
Report Tilt 30
@ Dividers Environmental Conditions
MNFRC 100-2010 w
Dividers Step 5:
[ Awnings B check glazing system compatibility To change the selected
Generic 1 Divider, either:
Diegiay made: Total Window Results - Mormal Incidence L Click on the puIIdown list
Normal Click on a component to display gHaracteristics below to see the names from the
Wz=ar | 2 L Divider Library records
sHeC 7 Divider Or
= 4 N vider. - .
- v s == (Divider. e “——Click on the double arrow
S e i 7 Uedge 7 Wim2X button to open a window
I N/A Source 2 Edge area 0.721 m showing all the
cw _ NA Ugear | o@|WEmER D | S50 information from the
Area 0.213 m2 Abs 0.300 Divider Library.
v
B Select
Select  Cancel Find D 7 records found.
Edge Edge Glazing
ID Name Source Type Uvalue Uvalue | Comelation | Thickness
Wim2-K | Wi/m2-K mm
1 Aum/Divided ASHRAE/LBL  N/A N/A N/~ Class1 MsA
2 Butyl/Divided ASHRAE/LBL  N/A N/A N/A Class2 MAA
3 Wood/Divided ASHRAE/LBL  Suspended N/A N/A Cla=z=3 MR
4 Insul/Divided ASHRAE/LBL  Suspended N/A N/A Clas=4 MsA
5  Alum/Suspended ASHRAE/LBL  Suspended N/A N/A Clazs5b MAA
6  Vinyl/Suspended ASHRAE/LBL  N/A N/A N/~ Class1 MsA
> Vetical Divider m

Figure 7-19. Select a Divider for the window.
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7. Window Library 7.6. Creating a New Window

7.6.4. Calculate

When all the components for the product have been defined, the total product values can be calculated by
clicking on the Calc button.

File Edit Libraries Record Tools View Help
= BB E: 4B @i O#H7 @AY %P7
List ID# 1 w
Click the Calc | Name Sample Picture Window
button to Mode MNFRC w
initiate th b
Initiate the Type Fixed (picture) wEE
i Copy
cra:lcu:‘atlon IOf § Width 1200 mm
t e.t ermal an Delete Height 1500 mm
optical —
i Save Area 1.800 m2
characteristics —_—
. 90
of the window. Repart T
B Dividers Environmental Conditions
MFRC 100-2010 w
Dividers
e B Check glazing system compatibility
Generic 1
. Total Window Results - Normal Incidence
Display mode:
Mormal Click on @ component to display characteristics below
U-factor 2.132 Wim2K
T Divider
SHGC .
— MName  Divider.thmz v e
. WT 0.558
SHGECNT Detail S jin] 7 Uedge 2,096 W/m2K
a___ % Source 2 Edge area 0.721 m2
CIU MN/A Ufactor 2.435 Wim2+K PFD 25.400
Area 0.213 m2 Abs 0.300

7
After clicking the Calc button, the “?” in the results sections will be replaced with
values.

Figure 7-20. Click the Calc button to calculate the current record in the Detailed view.
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7.6. Creating a New Window 7. Window Library

Calculating Window Library records can also be initiated from the Window Library List view, where
multiple records can be selected to be calculated.

Step 1: Select the records to be calculated if you are not calculating all of them

i
Window Library (C:\Users'Public\LBNL\WINDOWSE.1'w8 mdb)
Detailed View
Step 2: ——t Calc ID Name /%e Width | Height | Ufacter | SHGC | Tvis | CR
Click the .
EW
Calc button » Sample Picture Window Fixed (picture)
Copy Sample Horizontal 5 = " Honzontal Sii
Delete Sample Double
Find Sample Vertical Slider 7
o} ~ 10 Sample Glz Sys Fixed fpicture) 1200 1500 ? ? ? ?
11 Sample GlzSys - Louvered Shutter L1 0 Tilt | Fixed ipicturs) 1200 1500 7 7 7 7
Advanced... Step 3: / Calculate o
6 records found. The CaICUIa.tE d:ﬂOi b.OX Caleulate The results fields will
import appelarsl, wit tI e cd0|ces gi\rlede:jrecordis] have “?” in them until
- records
Export toca ;u atiﬁe :cte d the records have
recor 's or All the records Cancel been calculated
Report (even if some records are
Print not selected)

Figure 7-21. Click the Calc button in the List view to calculate just the selected records or all the records.

Before the results are calculated, the results fields will have “?” in them. After the results are calculated, those
fields are populated with the calculated values.

Window Library (C:\Users\Public®LBNL*WINDOW8. 1w 8 mdb)
Detailed View
Cale ID MName Type Width | Height | Ufactor | SHGC | Tuis
New mm mm Wim2-K
c » ct d d (pict 00 00 D0 (.60 0
S, 2  Sample Horzontal Slider Horizontal Slider 1500 1200 2 046 053 0629
Delete 31 Sample Double Casement Casement - Dou 1200 1500 2050 0580 0623
Find 4 Sample Vertical Slider Vertical Slider 1200 1500 2038 0585 | 0629
D w 10 Sample Glz Sys Fixed (picture) 1200 1500 2002 0603 0648
11  Sample GlzSys - Louvered Shutter L1 0 Tilt | Fixed {picture) 1200 1500 1680 0557 | 0580
Advanced... T T T
[ I

After the results are
calculated, these fields
will display the
calculated values

Figure 7-22. The calculated results will be displayed after the calculation.
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7. Window Library

7.7. Import / Export

7.7. Import / Export

7.7.1. Import

The Import button in the Window Library List view allows import of records from the Window libraries of
other WINDOW databases. When records are imported, all the associated library records needed to define

that record will also be imported.

Format  WINDOW Database ~

Import source  C:Users\Public BNLYWINDOWS. 1\Sample ¥ Browse

Avoid creating duplicate records in export database by searching
for identical records

/

Click the Browse button to
L~ select the WINDOW database
to import records from.

This will open a dialog box to
allow selection of the
WINDOW database.

oK Cancel l
. | ) Bc pen
If this box is Select a
checked, the T~ <« Users > Public > LBNL » WINDOWS.1 /WINDOW
program will not database, and
create a new record ) click the Open
. R . Organize « Mew folder
if an identical " button
version of it aIready v 1 I MName Date modified
exists in the [ Sample Windows.mdb 10/15/2025 11:56 AM
. >
database being (5 w7 to we.mab A dialog box will
imported into.

appear with a list

of the Window

File name: | Sample Windows.mdb

records from the

selected database.

To select the records to import either B CAUsers\P
e Highlight the records to select and
clicking the Select button » Select  Cancel  Select Al Clear selection Find ID ~ 6 ref
e Click the Select All button, which T 0 N T Wath | Heihe
causes all the records to be selected ame b= ' =
and imported in one step. ] I
. Sample Picture Window Fixed (picture)
The selected records will be imported into the 2 Sample Horizontal Siider Horizontal Sider 1500 1200
Window library of the original database. 3 | Sample Double Casement | Casement -Double | 1200 = 1500
4 Sample Vertical Slider Vertical Slider 1200 1500
10 Sample Glz Sys Fixed (picturs) 1200 1500
If there is already a —| [5]|  [Adding arecord.. [l
recf)rd with the ID of ‘window Record 1 already exists in Yes Enter a new 1D for the Window recar
an imported record, C:\UsershPublic\LBNLYIND DWW 57 n din the expart database:
. . Do you want bo ovenwrite it with the Ma Cermes]
the program will ask if CUNERt recand?
the existing record Cancel o 4
should be overwritten. ‘Ves to Al /' ornewiseo 8
Clicking No displays a dialog box where a / [ Overwite existing records

different ID for the new record can be

Figure 7-23. Importing record(s) from an existing WINDOW database
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7.7. Import / Export

7. Window Library

7.7.2. Export
The Export button can be used to export data in two different formats
e  WINDOW Database

e Comma separated value (CSV)
Export to a CSV (Text) file
® To export selected or all records to a CSV file, do the following:

e From the Window List view, click on the Export button

e In the Export dialog box, set Format = Comma separated value (CSV)

Export

Export:
0 Selected recordis)
() Al records

Format 'WINDOW Database ~

Export C\Users\Public\LBNL*THERMS.1\Samples* = Browse Mew

(] Awoid creating duplicate records in export database by searching
for identical records

Cancel

e A window will appear allowing you to specify the location and name of the CSV file

. Conferencing m Marne :

> 57 Contacts

- j Desktop Mo items match your search.
4 Downloads

» @ Downloads

. DropBoxSelectiveSync

m

i Favorites
» g Google Drive
. InstallAnywhere

) lib ~ |4 1

File name: WINDOW Window Library Export

Date modified |

Save as type: |C5V files (".csv)
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7. Window Library 7.7. Import / Export

Export to WINDOW database

To export selected records from the Window Library of the current WINDOW database into another
WINDOW database, do the following

e From the Window List view, click on the Export button
Export *

Export:
© Selected recordis)
() All records

Format WINDOW Database -

MNew

Export C:\Users\Public®\LBNLWINDOW3.1"Sample

(-] Awoid creating duplicate records in export database by searching
for identical records

oK Cancel

¢ In the Export dialog box, set Format = Window Database

e Toadd the records to an existing WINDOW database, click on the Browse button to select the
database to export the records to

¢ Toadd the records to a completely new WINDOW database, click on the New button, and a Save As
dialog box will appear, where you can browse to the desired directory and enter the desired database
filename. Click on the Save button when you have completed that.

B save s X
& v <« LBML » WIND... w @) Search WINDOWSE. o
Organize + Mew folder = - (7]

3 WINDOWS.0. MName Date modified Type |
¥ WINDOWS.1 I [£1| Skylight.mdb 11/10/2025 4:24 PM Microsoft
File name: -]
Save as type: WINDOWS Database (*.mdb) w
» Hide Folders Cancel

e Then back in the Export dialog box, click the OK button, and the records will be written into the new
database, with all the necessary associated records.

When records from the Window Library are exported to another WINDOW database, the records referenced
in those exported records in all the other libraries that are used either directly or indirectly from those
libraries will be included in the exported database:

e Glazing System Library: All the glazing systems referenced in the Window Library entries
e Frame Library: All the frames referenced in the Window Library entries
e Divider Library: All the dividers referenced in the Window Library entries, if dividers are modeled.

e Glass Library: All the glass layers referenced from the glazing systems used in the Window Library
entries
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7.7. Import / Export 7. Window Library

Shading Layer Library: All the shading layers referenced from the glazing systems used in the
Window library entries

Shade Material Library: All the shade materials referenced from the glazing systems used in the
Window Library entries

Gap Library: All the gases referenced from the glazing systems used in the Window Library entries

Environmental Conditions Library: All the environmental conditions referenced from the glazing
systems and the Window Library entries.

Window Library Glazing System Library Glass Library

A 4

Frame Library Shading Layer Library

A 4

Shade Materials Library

Divider Library

» Gap Library
Environmental Conditions
Library

VIG Gap Library

\ 4

Awning Library

Environmental Conditions
Library

A\ 4
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7. Window Library

7.8. Reports

7.8. Reports

The Window Library has multiple report options, with an additional report in the List view called “Library

List”. The report options are as follows:

Report *

Report type: | Library List

O All recor

Energy Plus IDF File
Energy Plus BSDF IDF File
AERC Energy Plus BSDF ID

Text file options
B Use defautt column widths
B Wrap columns

B Preview

Library List: A list of the records and all the fields displayed in the List view.
Detailed: a report listing all the information associated with the record.

= If the report is generated from the List view, and multiple records are selected, one file is generated
with the detailed report of each appended onto the file.

= If the report is generated from the Detail view, the report will only contain the data for the current
record.

DOE-2: areport (text file) that contains input data to be used with the DOE-2 hourly simulation
program. Due to restrictions in the DOE2 program, this file can only be created from windows with one
light, and with generic frames that are all of the same frame type.

Energy Plus: a report (text file) that contains input data to be used with the Energy Plus hourly
simulation program. In contrast to files for DOE2, Energy Plus files can contain windows with multiple
lights, generic or THERM frames, and dividers.

Energy Plus IDF File: a report (text file) that contains input in the native format (IDF) for the Energy Plus
hourly simulation program. This file can be inserted directly into a whole building Energy Plus IDF file.

Energy Plus BSDF IDF File: a report (text file) similar to the standard Energy Plus IDF file except that it
also contains a BSDF (Bi-directional Scattering Distribution Function) matrix for modeling optically
complex glazing and shading systems.

AERC Energy Plus BSDF IDF: a report (text file) similar to the Energy Plus BSDF IDF file except that it is
specifically tied to the input requirements for the AERCalc program.
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Check the Preview
button to display
the report with the
option to save it as
a file.

Fram= Data

Tomat o T Hama

S

Frame

Ao

Edge

= TMframa

7.8. Reports 7. Window Library
List D=1 e
cale F3) Mame Sample Picture Window
7 Mode NFRC ~
Mew
Type Fixed (picture) | |
Copy
) Width 1200 mm
Cllclf the Report button Delete Heght =0 | o
'(c;? clilsp:)ay the Report \ Save o [ N
1alo OX.
g ™A ot Tit %0
Dividers Environmental Conditions
Then select the Report O . NFRC 100-2010 ~
Dividers
Type to be ge\neratEd- / Blarrrs B check glazing system compatibility
Report x Total Window Results - Normal Incidence
Click on a component to display characteristics below
Report type:  Detailed w U-factor ? W m2+
R Glazing System
Generate report for: HEEL Mame  Sample GlzSys e
?
O Selected recond(s) PCL I D 3 Ucenter 7 Wim24
O All records a N/A Nlayers 2 5C ?
CIU A Area 1.271 m2 SHGC 7
Edge area 0.305 m2 Vic ?
Text file options
lurmn widths
B Preview
B Report C\Users\Publid\LEML\WINDOWE. T\report.tmp X
| BERKELEY LAE WINDDWwS.1.30.0 Report Page 1 10-15-25 12:43:33
ID: 1
Hame: Samnple Picture Wi I
EnvCond: 1 NFRC 100-2010 H saveas (==
Type: Fized (picture} @Uv| | « Public » LBNL » WINDOW7S » ~ [ 42| search s 2|
Tilt: 90
Width: 1200.0 [mm] ) — =
Height: 1500.0 [mm] Organize v MNew folder = - I@l
hrea: 1.80 ma - T -
[n2] J My Music [ Mame Date medified 1
= My Pictures I
g , BSDFs 9/5/2017 3:49 PM i
U_vgéégi % ) ggg iz i J CSO7Cell 3/30/2017 2:53 PM F
- ¥ Saved Gamnes
Vi 0.284 ) Debug 9/5/2017 3:26 PM F
CR: 0.000 /' Searches o
) . GenBSDF 8/11/2017 3:53 PM
. Tracing T -
) J Mullaly 6/16/2017 11:18 AM  F
) VirtualBox VMs o
Data for Glazing Systens _ E J Samples 3/30/2017 4:26 PM F
P Gompuie E XML B/17/2017457PM
C0G B g (c: d /1772017 4:57 PN
ID Hame Area #1 — ©
nZ ¢<' DVD RW Drive (D) Audif o o | T )
8 Sample GlzSys 0.338 File name: Sample Picture Window Detailed Report.bdt -
Layer Data for Glazing System ' ﬁveasta’TadeeFtﬂ ,]
ID Hane Dimm} T3
Outside
9803 CLEARE.LOF & 4.7
1 Air 16 .5 “ Hide Folders Save l l Cancel ]
9923 LOW-E_5.LOF # 4.7 . H
In=ide

Mad-=

Figure 7-24. Window Library Detailed report from the Window Library Detail screen.
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7. Window Library 7.8. Reports

Library List Report

The Library List report, generated from the Window Library List view, produces a text file of the selected
records and all their results.

Report *

Report type:  Detailed w

Generate report for:

Selected recond(s)
All records

Text file options
Use default column widths
[ Wrap columns

Cancel

Figure 7-25. Report dialog box with settings for generating the Library List report.

Window Library (C:\Users PublictLBNLWINDOWS. 1'w8 mdb)

D Mame Type Width | Height Lfactor SHGC | Tvis CR

mm mm Wom2-K
 Fixed (picture) | 1500 | 2002 | 0603 | 0.648 | 491 |
Horzontal Sider 1500 1200 2046 0585 0629 504
Casement-Dou 1200 1500 2050 0580 0623 495
Vettical Sider 1200 1500 2038 0535 0629 508

Sample Picture Window
2 Sample Horizontal Slider
3 Sample Double Casement
4 Sample Verical Slider

Figure 7-26. Window Library List View.

B | Report ChUsers\Public\LBML\WINDCWE. 1\report.tmp

10 Hame Type Width Height Ufactor SHGC
LI by Wemd-K

1 Sanple Picture Window Fizxed (picture) 1200 1500 2.002 0.603

2 Samnple Horizontal Slider Horizontal Slide 1500 1200 2.0486 0.585

3 Sample Double Casement Ca=zement — Doubl 1200 1500 2.050 0.580

4 Samnple Vertical Slider Vertical Slider 1200 1500 2.038 0.585

Figure 7-27. Window Library List report, which contains the results for all the records.
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7.8. Reports

7. Window Library

Detailed Report

The Detailed Report contains all relevant information about the total window results and component details.

B | Report Ch\Users\Public\LENL\WINDOWE. T\report.tmp

Pt Cose
BEREELEY LAE WIHDOW w8 1.34.0 Report Page 1 03-11-26 15:52:39
ID: 1
Hame: Sample Picture Window
EnvCond: 1 NFRC 100-2010
Type: Fized (picture)
Tilt: 90
Width: 1200.0 [mm]
Height: 1500.0 [mm]
Area: 1.80 [mZ]
T—walu=: 2.000 [Wrm2-K]
SHGC: 0.603
Wt: 0.648
CE: 49.051
Data for Glazing Sy=stens
oG
ID Hamne Area ¥Lay Tilt [1[= SCc SHGCe Vto EHG
e Wems2
2 Sample GlzSys 1.271 2 90 1.913 0.787 0.e85 0,741 510
Layver Data for Glazing System '8 Sample GlzSvys'
ID Hamne Dimm) T=ol 1 R=ol 2 Twiz 1 BEwi=z 2 Tir 1 Emi=s 2 Keff
Out=zide
9803 CLEARS . LOF # 4.7 796 074 074 883 082 082 .000 .840 .240 1.00
1 Air 16 .5 .49
9923 LOW-E 5 LOF # 4.7 676 117 .105 .82e 115 109 000 .15&8 .&240 1.00
Inside
Frame Data
Frame Edge
Location ID Hame Source Area Area Tframs Tedge
me me Weme—K
Header L =ample-head.t Therm 0. 050 0.0e7 2.0950 2.3372
Left Jamb 6 =ample—jamb.t Therm 0. 062 0. 086 2. 0104 2 3385
Fight Jamb 6 =zample—jamb.t Therm 0.0e2 0.086 2.0104 2. 3385
S11l 7 =ample-=11l.t Therm 0.050 0.067 2.01a0 2.3393
Gaz Data
ID Hame Tvpe Cond Visc Cp Dens Fran
®x e—hb
1 Air Pure 0.0241 17 .22 1006.10 1.2925 0.7197
Figure 7-28. Window Library Detailed Report sample, Page 1.
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7. Window Library 7.8. Reports
i | Report C\Users\Public\LENLYWINDOWS. \report.tmp *
Save l Print Close
BERKELEY LAE WINDCOW w8.1.34.0 Report Page 2 03-11-26 15:52:39
Environmental Condition=: 1 HFREC 100-2010
Tout Tin WndSpd Wnd Dir Solar Tsky Eshky
(Ch (Ch (ms=) (Wrm2y  (C)
Tvalue -18.0 21.0 5.50 TWindward 0.0 -18.0 1.00
Solar 320 240 2.75 Windward 783.0 32.0 1.00
Frame Librarv Data
T-walue Edge GlzSyvs GlzSwys Width
ID Hame Source Framne Edge Corr Width To (PFD) Abs
£ zample-head. t Thern 20950 2.3372 H-& 25,933 1.938 42 .88 0.30
& zamnple—jamb.t Thern 2.0104 22,3385 H-.A 25,933 1.938 42.38 0.30
7 mample-=111.t Therm 2.0180 2.3393 H-4 25,933 1.938 42.38 0.30
Divider Library Data
T—walue Edge GlzSy=s GlzSy= Width
ID Hame Source Diw Edge Corr Width Tz (FFD) Ab=
Ho Dividers for this Glazing Sy=sten
Optical Froperties for Glazing Svstem '8 Sample GlzSvs’
Angle i 1in 20 an 40 =] a0 70 a0 90 Hemi=
Twi= 0.741 0.7240 0.736 0.729 0.719 0.691 0.620 0.470 0,236 0.000 0.640
Ffwi=z: 0.174 0.173 0.174 0.178 0. 187 0. 213 0.278 0.424 0.671 1.000 0.255
Ebvi=s: 0.166 0.165 0.166 0.169 0.178 0. 202 0.266 0.404 0,648 1.000 0.244
T=ol : 0.549 0.549 0.544 0.538 0.528 0 505 0.449 0.336 0.162 0.000 0.468
Rfsol: 0.153 0.15%2 0.153 0.155 0.162 0.184 0.240 0.366 0.5%96 1.000 0.222
FEb=ol: 0.142 0.141 0.142 0.145% 0,153 0,175 0.232 0.362 0.607 1.000 0.215
Ab=1l 0.140 0.141 0.143 0.147 0.152 0.160 0.169 0.179 0.1%6 0.000 0.157
Ab=2 0.158 0.159 0.160 O.160 0,157 0,152 0.142 0.119 0. 066 0.000 0.143
SHGCo: 0.685 0.685 0.682 0.676 0.664 0.637 0,575 0.444 0,229 0.000 0.594
Tdw-E = 0.475
Tdw-IS0: 0.8635
Tuw .o 0,407
Figure 7-29. Window Library Detailed Report sample, Page 2.
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7.8. Reports 7. Window Library

DOEZ2 Report

The DOE2 report contains data that the DOE-2.1E hourly simulation program can use for window modeling.
The report is saved as a text file from WINDOWS5, and then used as a text file with the DOE-2.1E program.

The file can contain data for one or more windows. In the case of a file containing data for more than one
window, the information for each window follows the previous window in succession.
[FERKELEY LAB WINDOW w5.1.30.0 DOE-2 Data File : Multi Band Calculation

Tnit Swy=stem : SI

Hame . DOE-2 WIWDOW LIE

Desc . Sample Picture Window — Generic Franes

Window ID 12

Tilt ©80.0

Glazings L2

Frame - 1 Al wrbrealk 5. 680

Spacer 1 Classl 2.330 -D.010 0.138

Total Height: 1500.0 mm

Total Width . 1200.0 mm

Glass Height: 1385.7 mm

Glas=s Width . 1085 .7 mm

Hullion . Hone

Gap Thick Cond dCond Vis dVis Dens dlens Fr dFr

1 Air 16.5 0.02407 7.760 1.722 4.940 1.292 -0.004s O0.720 —-0.0002

2 1] 1] 1] 1] 1] 1] 1] 1] 0

3 1] 1] 1] 1] 1] 1] 1] 1] 0

4 1] 1] 1] 1] 1] 1] 1] 1] 0

5 1] 1] 1] 1] 1] 1] 1] 1] 0

Angle 0 10 20 a0 40 50 1] 70 a0 90 Hemi=

T=ol 0.549 0,549 0.544 0,538 0.528 0.505 0.449 0,336 0.162 0.000 0,468

Ab=1 0.140 0,141 0.143 0.147 0.153 0.160 0.169 0.179 0.176 0.000 0,157

Ab=2 0.158 0.159 0.160 0.160 0,157 0.152 0.142 0.119 0.066 0.000 0.143

Ab=3 0 0 0 0 0 I il il il il 0

Ab=4 0 0 0 0 0 I il il il il 0

Ab=5 0 0 0 0 0 n i i i i 0

Ab=h 0 1] 1] 1] 1] 1] 1] 1] 1] 1] 0

Rf=ol 0.153 0.152 0.153 0.155 0.162 0.184 0.240 0.366 0.596 1.000 0.222

Fb=ol 0.142 0.141 0.147 0.145 0.153 0.175 0.232 0.362 0.607 1.000 0.215

Twiz 0.741 0.740 0.736 0.729 0.719 0.691 0.620 0.470 0.236 0.000 0.640

Riwi= 0.174 0,173 0.174 0,178 0.187 0.213 0.278 0.424 0.671 1.000 0,255

Ebwis 0.166 0.165 0.166 0.169 0.178 0.203 0.266 0.404 0.648 1.000 0,244

SHGC 0.685 0.685 0.682 0.676 0.664 0.637 0.575 0.444 0.229 0.000 0.594

SC: 0,34

Layer ID¥ 9803 9923 1] 1] 1] 1]

Tir 0.000 0.000 1] 1] 1] 1]

Emi=z F 0.840 0.158 1] 1] 1] 1]

Emi=z B 0.840 0.840 I i i i

Thickness(mm) 4.7 4.7 I i i i

Cond(W-m2-E 1212.8 211.7 I il il il

Spectral File CLEARS . LOF LOW-E_G.LOF Hone Hone Hone Hone

Owerall and Center of Glass Ig UT-wvalues (Wrwn2-K)

COutdoor Temperature -17.8 C 15.6 C 267 C 37.8 C

Solar WdSpd hcocout hrout  hin

(Wrm2) (m=) (Wrm2—K)

1] 0.o0 4. 00 3.33 6.90 1.55 1.55 1.43 1.43 1.47 1.47 1.56 1.5k
1] 6.71 30.84 3.21 6.97 1.931.93 1.63 1.63 1.68 1.68 1.79 1.79

783 0.o0 4.00 3.63 7.24 1.55 1.55 1.43 1.43 1.47 1.47 1.56 1.56
783 6. 71 30.84 3.29 6.50 1.93 1.93 1.63 1.63 1.68 1.68 1.79 1.79

Figure 7-30. Window Library DOE2 Report sample.
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7. Window Library 7.8. Reports

Energy Plus Report

The Energy Plus report contains data that the Energy Plus hourly simulation program can use for window
modeling. The report is saved as a text file, and then used as a text file with the Energy Plus program.

The file can contain data for one or more windows. In the case of a file containing data for more than one
window, the information for each window follows the previous window in succession.

[Mindowt Data File for EnergwFPlus
BERKELEY LAB WINDOW +8.1.30.0
Date : Wed Oct 15 13:04:10 2025
Window name : 12 Sample Picture Window - Generic Frames
Description : Fized (picture)
# Glazing Systen=: 1
GLAZING SYSTEH DATA Height Width nPanes Uwal-center SC-center SHGC-center Twis—center
Systenl 1386 1086 2 1.917 0.787 0.685 0.741
FEAME-MULLION DATA Width COutsideProj InsideProj Cond EdgeCondRatio Soldbs Vishbs Emiss Orient'n {mull)
L Sill : 57.2 25.4 25.4 2.965 1.849 0.900 0.%00 0.90
R Sill : 57.2 25.4 25.4 2.965 1.849 0.900 0.9%00 0.90
L Head : 57.2 25.4 25.4 3.135 1.849 0.900 0.%00 0.90
R Head : 57.2 25.4 25.4 3.135 1.849 0.900 0.%00 0.90
Top L Jamb : 57.2 25.4 25.4 2.943 1.849 0.900 0.%00 0.90
Bot L Jamb : 57.2 25.4 25.4 2.943 1.849 0.900 0.%00 0.90
Top R Jamb : 57.2 25.4 25.4 2.949 1.849 0.900 0.9%00 0.90
Bot R Jamb : 57.2 25.4 25.4 2.949 1.849 0.900 0.%00 0.90
Hullion : Hone
Average frane: 57.2 25.4 25.4 2.994 1.849 0.900 0.%00 0.90
DIVIDER DATA : Width Out31dePrDj InsideProj Cond EdgeCondRatio Solibs VisAbs Enizss Type #Hor #Vert
Systenl : 0.0 0. 0.0 0.000 0.0o0 0.000 0.000 0.000 Hone 0 0
GLASS DATA . Layerd Thlckness Cond T=ol Ffsol Ebsol Twis Riwis Rbvis Tir EmissF Eni==B SpectralDataFile
Systenl : 1 1.000 0.796 0.074 0.074 0.888 0.082 0.082 0.000 0.840 0.840 CLEARS . LOF
2 4 ?24 1.000 0.676 0.117 0.105 0.826 0.115 0.109%9 0.000 0.158 0.840 LOW-E_5.LOF
GAP DATA : Gap# Thick nGasses
Sy=steml : 1 16.51 1
GAS DATA : GaszName Fraction HWeight ACond BCond CCond AVi=c BEVi=c (CVisc ASpHeat BSpHeat CSpHeat
Systeml Gapl : Air 1.0000 28.97 0.002873 7.76e-05 0 3.723e-06 4.94e-08 0 1002.74 0.012324
GLAZING SYSTEH OPTICAL DATA
Angle ] 10 20 30 40 50 60 70 80 90 Hemis
Systeml
T=ol 0.549 0.549 0.544 0.538 0.528 0.505 0.449 0.336 0.162 0.000 0. 468
Ab=1 0.140 0.141 0.143 0.147 0.153 0.160 0.169 0.179 0.176 0.000 0. 157
Abs2 0.158 0.159 0.160 0.160 0.157 0.152 0.142 0.119 0.066 0.000 0.143
Rfsol 0.153 0.152 0.153 0.155 0.162 0.184 0.240 0.366 0.59 1.000 0. 222
Ebsol 0.142 0.141 0.142 0.145 0.153 0.175 0.232 0.362 0.607 1.000 0. 215
Tvis 0.741 0.740 0.736 0.729 0.719 0.691 0.620 0.470 0.236 0.000 0. 640
Rfwi= 0.174 0.173 0.174 0.178 0.187 0.213 0.278 0.424 0.671 1.000 0. 255
Fbwi= 0.166 0.165 0.166 0.169 0.178 0.203 0.266 0.404 0.5648 1.000 0. 244

Figure 7-31. Window Library Energy Plus Report sample.
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7.8. Reports

7. Window Library

Energy Plus IDF Report

Two different IDF files are created with this report selection. One has spectral data for the glass layers and the
other has averaged spectral data. The name of the files contains the name of the window with either “Avg” or
“Spec” added to the end of the filename.

Energy Plus IDF Report with averaged spectral data for glass layers

! Window Material/Construction file with spectral data in IDF format

WindowMaterial:Glazing,
Glass_9883_LayerAvg,
SpectralAverage,

.BB4699,
. 795486,
.415853e-82,
415853e-82,
.888338,
@81976,
.B81976,
.BB0000,
.340080,
.8340080,
.BEREEE ;

SR 0 60 00 ~ -0 0~

WindowMaterial:Glazing,
Glass_9923 LayerAvg,
SpectralAverage,

.B84724,
675595,
.171848e-81,
.B845794e-81,
.825813,
.11521@,
.189486,
.BB086E,
.157969,
.340086,
.BB0BEE ;

D00 0000

WindowMaterial:Gas,
Gap_1_W_8_8165,

!- Layer name CLEARS.LOF
!- Optical Data Type

!- Spectral Data name

!- Thickness

!- Solar Transmittance
- Solar Front Reflectance
- 5o0lar Back Reflectance

!- Visible Transmittance
!-V¥isible Front Reflectance
!-Vizible Back reflectance
!- IR Transmittance

!-Front Emissivity

|-Back Emissivity
!-Conductivity

!- Layer name LOW-E_5.LOF
!- Optical Data Type

!- Spectral Data name

I- Thickness

!- Splar Transmittance
- Solar Front Reflectance
- Splar Back Reflectance

1- Visible Transmittance
!-Yiziple Front Reflectance
!-Visible Back reflectance
!- IR Transmittance

!-Front Emissivity

!-Back Emissivity
'-Conductivity

!- gap name - Air

Alr, - type

B8.8165; I- thickness

! _____________________________________________________

! Window Construction

| e e c e mccccmcmcm e e c e —m e ———————— - ———————————— -

CONSTRUCTION,

GlzSys_8, |- Glazing System name: Sample GlzSys
Glass_0883_LayerAvg, '- glass name CLEARS.LOF
Gap_1_W_8_ 8165, |- gap name - Air

Glass_9923 LayerAvg; !- glass name LOW-E_5.LOF

Figure 7-32. Window Library Energy Plus IDF file with averaged spectral data example.
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7. Window Library 7.8. Reports

Energy Plus IDF Report with detailed spectral data for glass layers

! Window Material/Construction file with spectral data in IDF format
! Generated by BERKELEY LAB WINDOW v8.1.38.8

WindowMaterial:Glazing,

Glass_9883 lLayer, !- Layer name : CLEARS.LOF
Spectral, I- Optical Data Type

Glass_ 9883 Layer SpecDat, I- Spectral Data name
8.084699, I- Thickness

I- Splar Transmittance

I- Splar Front Reflectance
I- Soplar Back Reflectance

I- Visible Transmittance

I- Visible Front Reflectance
I- Visible Back reflectance

2

B.88888a , I- IR Transmittance
B.848888, !'-Front Emissiwvity
8.840088, ! -Back Emissivity
1.00600088; ! -Conductivity

WindowMaterial:Glazing,

Glass_9923 layer, I- Layer name : LOW-E_5.LOF
Spectral, I- Optical Data Type

Glass 9923 Layer SpecDat, I- Spectral Data name
B.884724, I~ Thickness

I- Splar Transmittance

I- Splar Front Reflectance

s !- Solar Back Reflectance

I- Visible Transmittance

I- Visible Front Reflectance
I- Visible Back reflectance

2

6.00e0088, I- IR Transmittance
8.157969, I-Front Emissivity
B.848888, ! -Back Emissivity
1.000088; I -Conductivity

Figure 7-33. Window Library Energy Plus IDF file with detailed spectral data example (continued).
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7.8. Reports

7. Window Library

MaterialProperty:GlazingSpectralData,
Glass 9803 Layer SpecDat,

8.300000,0.000000,0.044000,0.044008,
.385600,0.000000,0.044000,0.08440808,
.31e660,0.002000,0.044000,0.044000,
.315600,0.00%9000,0.043000,0.043008,
.3206800,0.038000,0.044000,0.08440808,
.325600,0.100000,0.046000,0.046000,
.3306800,0.213000,0.050000,0.0852008,
.3356800,0.356000,0.056000,0.0856800,
.346600,0.4976060,0.064000,0.064000,
.345600,0.617000,0.071000,0.0871008,
.35606800,0.707000,0.076000,0.0876000,
.355600,0.770000,0.0830000,0.080000,
.360600,0.812000,0.0583000,0.083000,
.365600,0.838000,0.085000,0.0885000,
.376600,0.8436000,0.085000,0.085000,
.375600,0.842000,0.084000,0.0584000,
.380000,0.829000,0.083000,0.083000,
.385600,0.842000,0.084000,0.084000,
.390600,0.863000,0.086000,0.086000,
.3956800,0.8760008,0.086000,0.086000,
.466600,0.852000,0.086000,0.086000,
.485600,0.884000,0.086000,0.086000,
.416600,0.883000,0.086000,0.086000,
.415660,06.8816060,0.086000,0.086000,
.420600,0.881000,0.085000,0.085000,
.425600,0.881000,0.085000,0.0885000,
.4366060,0.881600,0.085000,0.085000,
.435600,0.881000,0.085000,0.085000,
.44p8600,0.881000,0.084000,0.084000,
.445600,0.8836000,0.084000,0.084000,
.450600,0.886000,0.084000,0.0584000,
.455600,0.88%9000,0.084000,0.084000,
.4606600,0.8916060,0.084000,0.084000,
.465600,0.893000,0.084000,0.0584000,
.476600,0.8540008,0.084000,0.084000,
.475600,0.895600,0.084000,0.084000,
.480600,0.895000,0.084000,0.0584000,
.485600,0.896000,0.084000,0.084000,
.496600,0.896600,0.084000,0.084000,
.495600,0.896000,0.084000,0.0584000,
.580600,0.897000,0.084000,0.084000,
.5856080,0.8976060,0.083000,0.083000,

S0 0000000000000 0000000000000 0000000000000 23

I- Spectral Data Name

Figure 7-34. Window Library Energy Plus IDF file with detailed spectral data example (continued).
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7. Window Library

7.8. Reports

WindowProperty:FrameAndDivider,

Sample Picture Window - Generic Frames-Frame,
8.85715@,

2

2

2.593899,
1.848992,
8.506008,
8.506008,

!- User Supplied Frame/Divider Name

!- Frame Width {m}
!- Frame Outside Projection {m}
!- Frame Insider Projection {m}

!- Frame Conductance {w/m2-K}

!- Ratio of Frame-Edge Glass Conductance to Center-of-glass Co
!- Frame Solar absorptance

I- Frame Visible absorptance

I- Frame Thermal hemispherical Emissivity

I- Divider Type

I- Divider Width {m}

!~ Number of Horizontal Dividers

!~ Number of Vertical Dividers

!~ Divider Outside Projection {m}

!~ Divider Insider Projection {m}

!~ Divider Conductance {w/m2-K}

!'- Ratio of Divider-Edge Glass Conductance to Center-0f-Glass
I'- Divider Solar Absorptance

I- Divider Visible Absorptance

I'- Divider Thermal Hemispherical Emissivity

I'- Qutside Reveal Solar Absorptance

!~ Inside Sill Depth (m)

I- Inside 5ill Solar Absorptance

!- Inside Reveal Depth (m)

!- Inside Reveal Solar Absorptance

Figure 7-35. Window Library Energy Plus IDF file with detailed spectral data example (continued).
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7.9. Condensation Resistance (CR) Calculation

7. Window Library

7.9. Condensation Resistance (CR) Calculation

WINDOW includes a feature which calculates the whole product Condensation Index (CI) using the
methodology presented in NFRC 500. This process involves importing files from THERM into the Frame and
Divider library that have been modeled in THERM with the Condensation Index calculation option checked.

THERM File Properties |

Heat Transfer
Moisture
Transient

Initial Conditions

Use values from text file (warm up section)

Use first time step in text file

User defined - Constant values evenywhere
21

En

U

Mo Time Variable
Falze transient (using state BCz)
Initial Conditions
2

N

U

Modeling Options

Water Liquid Transportation

Therm File Properties | Calculation Options | Model Exposure  Miscellaneous

Simulation Engine
O Conrad

() Hygro Therm

Simulation Engine Parameters

Convergence Tolerance  1e-08

Relaxation Parameter 1
3600
8670
Mesh Control

() Quad Tree Mesher
© Simmetrix Mesher

Mesh Parameter 6

B Fun Eror Estimataor
Maximum % Emor Energy Mom

Maximum ferations

Mizcellaneous Parameters

I B Use Clfor Glazing Systems I

[_| Check for Comect WINDOW BC on Glazing Systems

Figure 7-36. In THERM, in the File / Properties, Calculation Options tab, check “Use CI for Glazing Systems”.

7-34

October 2026

WINDOW 8.1 User Manual



7. Window Library 7.9. Condensation Resistance (CR) Calculation

The total product CI value is presented on the Total Window Results section of the Window Library Detailed
View.

List ID# 1 "
Name Sample Picture Window
Mode NFRC w
MNew
Type Fixed (picture) e mE
Copy
Width 1200 mm
Delete Height 1500 mm
Save Area 1.800 m2
Repart Tilt 90
[ Dividers Environmental Conditions
MFRC 100-2010 b
Dividers
[ Awnings B Chedk glazing system compatibility
Generic 1 ==
Display mode: Total Window Results - Normal Incidence
Horms! Click on & component to display characteristics below
U-factor 1.998 W fm2K
SHGC 0.603
SHGCVT Detal PO O-03)|
CI 43
/ CIU MfA

The whole product /

Condensation Index value
is displayed in the Cl result.

Figure 7-37. Condensation Index results for the whole window product.
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8. Glazing System Library

This chapter discusses the Glazing System Library in detail.

8.1. Glazing System Library List View

The List View shows all the records in the Glazing System Library and some of the characteristics of the
glazing system from the Detailed View.

The list can be sorted by any column by clicking on the desired column.

File Edit Libraries Record Tools View Help
= Boe[ll: O#7@aAVk ¢
Glazing System Library (C:\Users'\Public®LBNL\WINDOWS.1wa mdb)
Detailed View
Cale ID Name oo |Mode| Tt | Epoethedtal | Cuel | bval SHGC | Tus
New Wim2-K
»NW
= 2 Double Clear Air 2 " NFRC 100-2010 2343 2702 0.7 0736
Delete 3 Double Low-e Air 2 # 50 NFRC 100-2010 23N 1.865 0.620 0.735
Find 4 Double Clear with Argon 2 H 50 NFRC 100-2010 18.80 2576 0.764 0.814
D w 5  Tiple Clear 3 # 50 NFRC 100-2010 4255 1744 0617 0.703
7  Double high solar gain low-e 2 # g0 NFRC 100-2010 2593 1538 0.686 0.741
8  Sample GlzSys 2 # 50 NFRC 100-2010 2593 1938 0.636 0.741
Advanced... 10 Double low-e (air) - deflected 2 # 50 NFRC 100-2010 21.45 1661 0.362 0.682
22 records found. 11 Tiple low-e {argon) - deflected 3 # g0 NFRC 100-2010 42 571 0638 0.258 0511
Import 20 Double low-e (argon) with ext. perforated screen 3 # gy  NFRC 100-2010 3733 1.045 0.058 0.062
30 Double low-e (argon) with int. horiz. VB (45 deg) 3 # g0  NFRC 100-2010 54 69 1.24% 0.286 0.178
Export 31 Double low-e (argon) with inbetween horiz. VB (45 deg) 3 # g0  NFRC 100-2010 2171 3357 0.315 0.193
Report 32  Double low-e (argon) with ext. horiz. VB (45 deg) 1 " gy  NFRC 100-2010 90.61 1082 0.103 0134
Prirt 33 Double low-e (argon) with ext. vertical VB {0 deg) 1 H g0 NFRC 100-2010 11293 1.088 0.438 0672
40  Double low-e (argon) with ext. woven shade. 3% openness 1 # g0 NFRC 100-2010 77 1035 0.042 0.021
41  Double low-e (argon) with ext. woven shade. 107 openness 1 # g0 NFRC 100-2010 77 1.046 0.073 0.070

Figure 8-1. Glazing System Library, List View.
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8.1. Glazing System Library List View 8. Glazing System Library

8.1.1. Buttons

The buttons on the left hand side of the List View have the following functions:

Detailed
View

New

Copy

Delete

Find

Import

Export

Report

Print

Used to access the detailed view of the record, where the input values can be edited.

Used to make a new record, based on a default record.

Used to copy an existing record (including name and all associated input values) into a
new record.

Used to delete the highlighted record(s).

Used to find a record based on the field selected from the pulldown list, and a value
typed into the input box.

Advanced: Used to access a more advanced method of searching the list
Currently disabled.

Used to create a Window 4.1 file of glazing system records, called glzsys.w4. This file
can then be imported into THERM or Window 4.1.

Currently disabled.

Used to print a report which contains a list of all the records in the library.

8.1.2. Column Headings

The List view contains columns with selected results (from the Detail view) for each record, as described

below.

ID The unique ID associated with each glazing system record.

Name The name of the glazing system. This is defined by the user.

# of Layers The number of layers for the glazing system. The layers are increased or decreased
using the up and down arrows to the right of this field. The program will
automatically adjust the number of layers in the layers detail section of the screen
based on this number

Mode The mode value will depend on the layers. If one layer has a # in the Mode field,
then the entire glazing system will have a # designation. Used by NFRC for their
approved certification models.

Tilt The tilt of the glazing system.

Environmental The name of the appropriate environmental condition from the Environmental

Conditions Condition Library, selected using the arrow to the right of the field. Default:
ASHRAE/NFRC.
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Owverall
Thickness

Uval

SHGC

Tois

Tdw-1SO

Comment

The overall thickness of the glazing system. Units: mm (SI); inches (IP).

Center of glass U-factor. By default this value assumes a one meter high glazing
system. When the glazing system is used in a window (in the Window Library) the
actual window height is used to calculate the U-factor, and therefore, if the window
height is not equal to one meter, the center of glass U-factors will be different in the
Glazing System results and the Window Library results.

Units: W/m?2-K (SI); Btu/h-ft2-°F (IP)

Center of glass Solar Heat Gain Coefficient. Unitless.

Center of glass visible transmittance

Damage-weighted transmittance of the glazing system, based on the ISO 15099
calculation method. See detailed description under the section “Glazing System

Detail View”.

Displays text from the Comment field in the detail view.
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8.2. Glazing System Library Detail View 8. Glazing System Library

8.2. Glazing System Library Detail View

The Glazing System Library is used to construct glazing systems to determine the center of glass U-factor,
which can be used in the Window library to construct a whole product. Glazing Systems consist of glass
layers selected from the Glass Library (which are from the Optics database), an optional shading layer
selected from the Shading Layer Library, and definitions of the gaps between the layers (glass and shading),
which are defined by a thickness and selections from the Gap Library. When the glass layers, shading layers,
and gaps have been defined, the results are calculated using the Calc button.

The Detail View shows details of individual glazing systems in the Glazing System Library.

File Edit Libraries Record Tools View Help
B b B@ | E M4 B el O#7Z@AY % R
st D 31 MName: Double low-g {argon) with inbetween horiz, VB (45 deg)
# 3 : Tilt: 90 ° IGHeight: 1000.00 mm
Mew Environmental F: » . //
Hew Conditions: MNFRC 100-2010 IG Width:  1000.00 mm 7
Copy Comment: %
Delete //
Overall thickness: 21,154 mm Mode: # 1 2 3
Save _— _—
Report
D Mame Mode| Thick | DCenter |Fip| Teol | Rsoll | Rsel2 | Tvis | Rvis1 | Rwis2 | Tir E1 E2 | Cond | Diop {mm) | Dbet {mm) | Dright {mm) | Dleft {mm})
© Glass 1 ¥+ 103 CLEAR_G.DAT # 57 [Jjo771 0070 0070 0884 0.080 0080 0000 0840 0.840 1.000
© Gap 1 M 9 Air (10%) / Argon (90%) I 13 4862
v Shade 2 b+ 32 0.4"inbetween VB (whits 72 0.000 0.000 0.000 0.000
© Gap 2 M 9 Air (10%) / Argon (30%) | 13 4.862
© Glass3 ¥+ 103 CLEAR_BDAT # 57 o771 0070 0070 0884 0.080 0080 0000 0840 0340 1.000
Center of Glass Results  Temperature Data  Optical Data  Angular Data  Color Properties
Ufactor sC SHGC Rel. Ht. Gain Tvis Keff Layer 1 Keff Gap 1 Keff Layer 2 Keff Gap 2 Keff Layer 3 Keff
Wim2-K W/m2 W/m-K Wim-K Wim-K W/m-K W/m-K W/m-K
0.355 0.309 246 0.175 0.1237 1.0000 0.0261 160.0000 0.0276 1.0000

Figure 8-2. Glazing System Library, Detail View.
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8.2.1. Buttons

The buttons on the left hand side of the Detail View have the following functions:

List

Calc (F9)

New

Copy

Delete
Save

Report

Used to access the List view of the Glazing System Library, which shows all the
records in the library

Used to calculate the current record
Used to make a new record.

Used to copy an existing record (including name and all associated input values) into a
new record.

Used to delete the current record.
Used to save the current record.

Used to create a report of the current record. The following dialog box opens when this
button is clicked.

Report X

Report type: Detaled
Generate report for

Text file options
() Wrap cokumns

Preview

[ ok | Cancel

Figure 8-3. Glazing System Report dialog box

Report Type: A pulldown list with three report options

*  Detailed
=  Energy Plus IDF File
= Energy Plus BSDF IDF File

Generate report for: In the Detail view, this is always set to “Selected record(s)”, i.e.,
the current record.

Text file options: Checking the Wrap Columns box will cause the program to include
all the text in long fields by wrapping it to the next line. Without this box checked, that
text will be truncated.
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With Wrap Text unchecked, the Name of the Glass layer is truncated to

Layer Data for Glazing Swystem '50 Sage Green'
Ih Hame Di{mm) T=ol 1 R=ol 2 Twvis
Out=zide
83915 SageGla== 9_Gred §&.7 208 047 124 . G5EQ0
1 Air 12.7

Figure 8-4. Glazing System Report, no text wrapping

With Wrap Text checked, the full name of the Glass layer is displayed by
wrapping it to the next line or lines as needed.

Laver Data for Glazing Sy=stem '50 Sage Gresn'

ID Hamne Dimm) Tsol 1 Rsol 2 Tvis

Cut=ide

8915 SageGla==s 9 _Gref 8.7 208 047 124 .550
en_49clr SAG

Figure 8-5. Glazing System Report, with text wrapping

Preview: Checking the Preview box allows you to view the report before saving it.

1" Report C\Users\Public\LBNLWWINDOWE. Treport.tmp

Save || Pm Close

BERKELEY LAR WINDOV wE . 1.34.0 Glazing System Thermal and Optical Froperties 0371

X

ID !

Hame : Single Clear
Tilt 900

Glazings: 1

KEFF : 1,000 [Wrm-K]
Wideh 3.048 [mm]
Uvalu= 5.913 [Vrm2-K]
SHGCc : 0.BEl

SCc o 0983

Tvis 0.899

RHG 665 . 580 [Voml]

Laysr Data for Glazing System "1 Single Clear®

ID Hame Dimm) Tsol 1 Rsol 2 Twvis 1 Rvis 2 Tir 1 Emis 2 Heff
Qutside

. 132 CLEAR_3 . DAT & 3.0 B34 075 075 @99 083 _0B3 000 .840 .840 1.00
nside

Figure 8-6. Glazing System Report preview

Radiance This button will appear if the Enable Radiance box is checked in File / Preferences,

Radiance tab.

8-6

October 2026 WINDOW 8.1 User Manual
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Options  Themal Calcs  Optical Calcs  Optical DataDeﬂedion Updates

B Enable Radiance

Figure 8-7. To enable calculation of Radiance results, check the “Enable Radiance” box in
the File / Options, Radiance tab.

When this button is clicked, a dialog box will be displayed to enter criteria to run
Radjiance for this glazing system, and the Radiance results will be displayed in the
Radiance Results tab.
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8.2.2. Overall Glazing System

The following section describes the input fields for the overall glazing system.

D 10 MName: Double low-g (air) - deflected
# 2 : Tilk 90 ° IGHeight: 1000.00 mm
Environmental FraTTa
e NFRC 100-2010 w | IGWidth: 1000.00 mm
Comment:
Overall thickness: 21,445 mm Mode: ? [CIModel Deflection 1 2

ID
Name

#Layers

Tilt

IG Height

IG Width

Environmental
Conditions
Comment

Owverall
Thickness

Mode

Figure 8-8. Glazing System Detail View, general information

The unique ID associated with each glazing system record.
The name of the glazing system, input by the user. Legal values: up to 256 characters.

The number of layers for the glazing system. The layers are increased or decreased
using the up and down arrows to the right of this field. The program will
automatically adjust the number of layers in the layers detail section of the screen
based on this number

The tilt of the glazing system. Default: 90°

The height of the glazing system to be modeled. The default value is based on the
value input in the Preferences/Options “Glazing system height” input box. This
value can be overridden by the user for each record by changing the value in this
input box. Default: 1000 mm. Units: mm (SI); inches (IP).

The width of the glazing system to be modeled. The default value can be overridden
by the user for each record by changing the value in this input box. Default: 1000
mm. Units: mm (SI); inches (IP).

The name of the appropriate environmental condition from the Environmental
Condition Library, selected using the arrow to the right of the field. Default:
ASHRAE/NFRC.

A user entered comment.

The overall thickness of the glazing system, automatically calculated based on the
layers in the glazing system. Units: mm (SI); inches (IP).

The mode value will depend on the layers. If one layer has a # in the Mode field,
then the entire glazing system will have a # designation. Used by NFRC for their
approved certification models.
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8. Glazing System Library 8.2. Glazing System Library Detail View

Model A checkbox which, when checked, will cause the program to model the glazing system

Deflection in both a deflected and non-deflected state. If “Model Deflection” is checked, an
additional set of input values are displayed. Also, a second line will appear in red in
the Center of Glass Results tab at the bottom of the screen to show the deflected
properties of the glazing system.

NOTE: This checkbox is only available if the Simulation Engine is set to WinCalc in
File / Preferences, Options tab.

Thermal Calcs  Optical Cales  Optical Data  Radiance  Deflection  Updates

Localization Simulation Engine
Unit system O1Ip 0sl () Tarcog

Language choice  English I 0 WinCalc I

Figure 8-9. Modeling deflection is only available if the Simulation Engine is set to WinCalc.

Input: There are two options for defining the deflection in a glazing system, selected
from this pulldown list:

Input: |F'ressure.»’Tem|:u j

Deflected Gap 'Wwidth

Figure 8-10. Deflection input options.

»  Pressure/Temp: This selection allows input of the temperature and pressure
for calculating the glazing system deflection.

Deflection
Input: |F'ressurea"Temp ﬂ
Termp [initial): 280 C
Pressure (initial): 101325 Pa
Prezsure [atmospheric): 7R000 Pa

Figure 8-11. Deflection options if Input = Pressure/Temp

Temp (initial): The temperature the glazing system was originally
manufactured under

Pressure (initial): The pressure the glazing system was originally
manufacturerd under

Pressure (atmospheric): The current outside pressure that the glazing system
is experiencing

»  Deflected Gap Width: This selection allows input of the actual measured
deflection of each gap width in the glazing system. Based on this information,
the program will determine the deflection of each glass layer as well as the
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thermal characteristics of the glazing system in the deflected state.

Deflection
Input: |Deflected Gapwidth v |
Gap # Gap Width
|1 j | 1270 mm

Figure 8-12. Deflection options if Input = Deflected Gap Width

Gap #: This pulldown will have a different selection for each gap in the
current glazing system. Select the gap being defined

Gap Width: For the Gap # selected in the pulldown, input the value of the
actual measured deflection of the gap.

8.2.3. Glazing System Layers

The following section describes the input fields for the layers in the glazing system.

The layer order is from outside to inside, so Glass (or Shade) 1 is the outermost layer in the glazing system.

ID Mame Mode| Thick | DCenter |Flip| Tsol | Rsoll | Rsol2 | Tvis | Rvis1 | Rvis2 | Tir E1 EZ | Cond
- Glass 1 »» 103 CLEAR_B.DAT H 57 Jjo.771 0070 0070 0.824 0080 0080 O0.000 0840 0240 1.000
- Gap 1 »» 5 Air (10°%) / Argon (30%) Mix 13 4862
- Shade 2 »» 32 0.4"inbetween VB (white) - 45 deg 72
- Gap 2 kFk S Air (10%) # Argon (90%) Mix 13 4.862
- Glass 3 »» 103 CLEAR_B.DAT H 57 [Jjo771 0070 0070 0.834 0080 0.080 0.000 0840 0840 1.000

Figure 8-13. Glazing Systems Detail View, Layers section

Column1 A pulldown list to define the type of layer, from the following options:
For Glass and Shade layers:

* Glass: Select this option for modeling the layer as a glass layer. If this option
is selected, the list of layers to select will be from the Glass Library

* Shade or Frit: Select this option for modeling the layer as a Shading Layer or
diffuse glazing. If this option is selected, the list of layers to select will be from
the Shading Layer Library

For Gap layers

*  Gap: The program automatically assigns the layer between two glass or shade
layers to be Gap. In this layer, the records to select are from the Gap Library

=  VIG Gap: for modeling a Vacuum Insulated Glazing unit, this will select
from the VIG Gap Library
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8.2. Glazing System Library Detail View

[

The double arrow “selection button” opens a separate dialog box to show the records

from the appropriate library (Glass, Shading Library, Gap or VIG Gap).

B Select

| Select | Cancel

100 BRONZE_3DAT
101 BRONZE_6.DAT

ID

Name

Mode

Thick

DCenter

Flip

» B
103
104
105
106

CLEAR_6.DAT
GRAY_3.DAT
THIN_06 DAT
THIN_075.DAT

ProductName

Genenc Bronze Glass
Genenc Bronze Glass

Genenc Clear Glass
Geneac Grey Glass
Generc thin glass 0.6 mm
Genenc thin glass 0.75 mm

X
] 6435 records found
Manufacturer Souce  Mode Color| Thickness |
mm
Genenc GDBv114 = 3124
Genenc IGDBvI14 = 5740
—Wﬂ
GDOBv114 5715
Genernc GDBv114 = 3124
Genenc IGDB v54 0 0.600
Generic IGDB v54.0 0.750

Figure 8-14. Double arrow selection button opens a Select dialog box showing the Glass Library records.

The unique ID associated with each layer, from the appropriate library (Glass,
Shading Layer or Gap). This value can be typed into this field, and the program will

automatically fill in the name from that library record.

The name of the layer, from the name of the record selected from the appropriate
library (Glass, Shading Layer, Gap or VIG Gap). This is not editable by the user in this
view. The names can be edited, for non-protected records, in the individual libraries.

An identifier to determine the glass layer approval status. At this time, the only
approval mode implemented is NFRC, indicated by “#”, and only records with “#” in

this field can be used for NFRC simulations
Layer thickness. Units: mm (SI); inches (IP).

The distance from the center of a shading layer to the adjacent
glass surface.

center : center :
=T}
=
—

dgap dgap =|d

v J | ‘_
dgﬂp(WINDDW) =

dcenter

—
dgap . :

glazing
glazing
glazing

dgap dgapwinpow) = Aeenter —

dcenter

w tl_ |
2cos(;l:' 2sm(IJ

A checkbox to indicate whether or not the layer is flipped (this currently only applies

to “Glass” layer types). Click the box to put an’

x" in it, which indicates that the layer

is flipped. This will cause the values for emissivities on the 1 and 2 surfaces to be

interchanged.
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8.2. Glazing System Library Detail View 8. Glazing System Library

Solar and Optical Layer Properties

The next set of values in the Glazing System Library layer table are the averaged solar and thermal
properties for each layer.

The naming convention for the case where there are two values, one for each “side”, “1” represents
the outer or front side, and “2” represents the inner or back side.

Tsol

Rsoll

Rsol2

Tois

Ruoisl

Rois2

Tir

El

E2

Cond

For each layer (called Outer or Front):
L) Rvis1
="  Rsoll

e\
A

For each layer (called Inner or Back):

. Rvis2
L] Rsol2
= E2

Solar transmittance of the glazing layer.

Solar reflectance of the glazing layer, exterior-facing side.

Solar reflectance of the glazing layer, interior-facing side.

Visible transmittance of the glazing layer.

Visible reflectance of the glazing layer, exterior-facing side

Visible reflectance of the glazing layer, interior-facing side.

Thermal infrared (longwave) transmittance of the glazing layer.
Infrared (longwave) emittance of the glazing layer, exterior-facing side
Infrared (longwave) emittance of the glazing layer, interior-facing side

Conductance of glass. Units: W/m-K (SI); Btu/h-ft-°F (IP)

Shading Layer Mounting Nomenclature

Dtop

Dbot

The distance from the top of the shading layer to the top of the glass/frame
intersection (for interior and exterior blinds) or spacer line (blindsbetween glass
blinds), depending on the type of shading device.

The distance from the bottom of the shading layer to the bottom of the glass/frame
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8.2. Glazing System Library Detail View

intersection (for interior and exterior blinds ) or the bottom spacer line (between glass
blinds), depending on the type of shading device.

Dright The distance from the right side of the shading layer to the right glass/frame
intersection (for interior and exterior blinds) or the right spacer line (for between glass
blinds)

Dleft The distance from the left side of the shading layer to the left glass/frame intersection
(for interior and exterior blinds) or the left spacer line (for between glass blinds)

ID & 202 Mame; Sample GlzSys - Integral Venetian A 45
o S a9 ° IGHeght 1000.00 mm + Venetian blind (Layer 2) is
Envranmental oo 105 2010 S 000.00 I 7 between glass layers, or
— / “integral” with the glazing
7, system.
Overall thickness: 27.930 mm Mode: # [CIModel Defiection 2 3
D MName DCenter |Fip| Tsol | Rsoll | Rsol? | Twis | Rvis1 | Rwis? | Tir E1 E2 | Cond | Dtop {mm) | Dbot {mm) | Dright (mm) | Dleft {mm)
© Glass 1 »» 103 CLEAR_G Ojo771 | 0070 0070 0884 0080 0080 0000 0.840 0840 1.000
- Gapl e 1 Ar 8.250
< Shade 2 #» 2 Venetian A45 3 0.000 0.000 0.000 0.000
- Gap2» 1 Ar 26 | A A
= /Glass 3 v 103 CLEAR_GDAT # 57 Ojo771 | 0070 0070 0834 0080 0080 0000 0840 0840 1.000

Gaps 1 and 2 define the distance of the venetian blind from the
interior surfaces of the enclosing glass layers.

Dtop, Dbot, Dright, Dleft define the venetian blind
relative to the spacer line for integral venetian blinds.

Figure 8-15.Glazing layer nomenclature.
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Dleft — distance from the left side of the shading Dright — distance from the right side of the shading
device to the left spacer line device to the right spacer line
L] L]

. Dtop —distance from the
top of the shading device
to the top spacer line

Spacer line

Glazing system

Shading system

Dbot — distance from the bottom
of the shading device to the
L *— pottom spacer line

Figure 8-16. Define a glazing system with an integral venetian blind.

Dleft — distance from the left side of the shading Dright — distance from the right side of the shading
device to the left glass/frame intersection device to the right glass/frame intersection

k_ Dtop —distance from the
top of the shading device
to the top glass/frame
intersection

Frame

Glazing system

Shading System

Dbot — distance from the bottom
of the shading device to the
L = bottom glass/frame intersection

Figure 8-17. Define a Dtop, Dbot, Dleft and Dright defined for an exterior venetian blind.
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8. Glazing System Library

glazing
Shade

# *«Diege —> Fnﬁght

Figure 8-18. Perimeter gap widths between frame and shade with continuous hardware. The figure illustrates a roomside shading
system, but the defined gap distances apply to all shade locations (roomside, outside, and between-glass).

Fiqure 8-19. Perimeter gap is the minimum distance (A, B, or C) from end of shade (continuous hardware included) to frame

8-15
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8.2.4. Glazing System Results

The following section describes the results that are available for the glazing system. There are multiple tabs in
the results section:

o Center of Glass Results
e Temperature Data

e Optical Data

e Angular Data

e Color Properties

e Radiance Results

The following sections discuss each of these results in detail.

8.2.4.1. Calculation Methods

WINDOW produces two different sets of results for the glazing system:

® Results calculated at normal incidence: these are the results displayed in the Glazing System

Library Center of Glass Results tab

Results calculated for many incoming and outgoing angles: these are the results displayed in the
Angular Data results tab, as well as in the Matrix Reader spreadsheet that is distributed with
WINDOW.

For a glazing system with a shading device, the optical properties of complex glazing systems are calculated
at normal incidence for the incoming angle (horizontal to the glazing system) and hemispherically integrated
on the outgoing side. This is what is displayed in the “Center of Glass Results” tab in the lower section of the
Glazing System Library for SC, SHGC, Tvis as well as the results in the Optical Data tab in that same
section. The thermal results (U-value) are calculated using the ISO 15099 method for shading systems.

outside ] /_ inside
e f/v
? > Besults hemispherically .
—_— integrated for the outgoing

/ - light angles

Results calculated for / \

normal incidence / \

incoming light angle L L

Figure 8-20. The results in the Glazing System Library are calculated at normal incidence for incoming light and hemispherically
integrated for the outgoing light angles.

8.2.4.2. Matrix Calculation Results

If the “Generate full spectrally-averaged matrix for Solar Band and Visible Band” checkboxes are checked in
Preferences, WINDOW will generate results for glazing systems with shading devices that include results at
all the incoming and outgoing angles defined in the basis.
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inside

/ Results are calculated for 145
outgoing light angles

outside

N

Results are calculated
for 145 different
incoming light angles L] L]

ANNNNNNN

Figure 8-21. The full set of results that WINDOW 6 can calculate are for 145 incoming angles which result in values for 145
outgoing angles. This complete set of results (21,015 values) can be read by the MatrixReader spreadsheet for viewing.

The files containing the matrix results are CSV (comma separated value) text files and are created for every
calculated glazing system, with the name of the glazing system and a CSV extension. The files are located in
the program working directory in the BSDFs subdirectory. The contents of these files can be displayed in the
“MatrixReader.xls” spreadsheet provided with the program (and explained in detail later in this section).

8.2.4.3. Center of Glass Results

Click on the Center of Glass Results tab (after clicking the Calc button) to see those results for the glazing
system.

Center of Glass Results | Temperature Data | Optical Data | Angular Data | Color Properties | Radiance Resuls|

Ufactor 5C SHGC Rel. Ht. Gain Tuwiz K.eff Layer 1 K.eff Gap 1 Keff Layer 2 K.eff
WiimZ-K Wiz WK WAk Ak W -k
| 0339 0.235 240 0153 01109 1.0000 00216 32549

Figure 8-22. Center of Glass Results tab.

The following section describes the glazing system Center of Glass Results.

U-factor Center of glass U-factor. By default this value assumes a one meter high glazing
system. When the glazing system is used in a window (in the Window Library) the
actual window height is used to calculate the U-factor, and therefore, if the window
height is not equal to one meter, the center of glass U-factors will be different in the
Glazing System results and the Window Library results. Units: W/m?2-K (SI); Btu/h-

ft2-°F (IP)
sC Center of glass Shading Coefficient
SHGC Center of glass Solar Heat Gain Coefficient. Unitless.
Rel. Ht. Center of glass Relative Heat Gain. Units: W/m? (SI); Btu/h-ft? (IP)
Gain
Tois Center of glass visible transmittance
Keff Center of Glass effective conductivity. Units: W/m-K (SI); Btu/h-ft- °F (IP)
Layer <n>  Center of Glass effective conductivity of each layer in the glazing system. Units: W/m-
Keff K (SI); Btu/h-ft- °F (IP)
Gap <n> Center of Glass effective conductivity of each gap (if applicable) in the glazing system.
Keff Units: W/ m-K (SI); Btu/h-ft-°F (IP)
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8.2.4.4, Temperature Data Results

Click on the Temperature Data tab (after clicking the Calc button) to see the results for the glazing system.

8. Glazing System Library

| Center of Glazz Hesults| Temperature Data | Optical Data I Angular Data I Color Froperties I Radiance Hesults|

Layer 1 Layer 2 Layer 3
Olutzide Air Outer Surface Itrer Surface Outer Surface Inmer Surface Outer Surface Inner Surface Imzide Air
Dhector a0 135 127 50 50 25 a2 210
SHGC 320 455 4E.7 RZE h2.E 451 44.1 24.0

Figure 8-23. Center of Glass Temperature Data tab.

The following section describes the glazing system Temperature Data results. There will be temperature
results for as many layers as have been defined in the glazing system.

Layer 3 Outer
Surface

Layer 1 Outer
Surface

Layer 2 Outer
Surface

U-factor
Outside Air
Layer <n>

Outer
Surface

Layer <n>
Inner
Surface

Inside Air
SHGC
Outside Air
Layer <n>

Outer
Surface

Dahe
AN

Layer 2 Inner Layer 3 Inner
Surface Surface

Layer 1 Inner
Surface

Figure 8-24.Glazing layer nomenclature for surfaces.

Temperature of the outside air, based on the U-factor environmental conditions.

Temperature of the outer surface of each layer, calculated at the U-factor
environmental conditions. See the figure above. There will be temperature results for
each layer defined in the glazing system.

Temperature of the outer surface of each layer, calculated at the U-factor
environmental conditions. See the figure above. There will be temperature results for

each layer defined in the glazing system.

Temperature of the inside air, based on the U-factor environmental conditions

Temperature of the outside air, based on the SHGC environmental conditions.

Temperature of the outer surface of each layer, calculated at the SHGC environmental
conditions. See the figure above. There will be temperature results for each layer
defined in the glazing system.
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Layer <n>
Inner
Surface

Inside Air

Temperature of the outer surface of each layer, calculated at the SHGC environmental
conditions. See the figure above. There will be temperature results for each layer
defined in the glazing system.

Temperature of the inside air, based on the SHGC environmental conditions.

8.2.4.5. Optical Data Results

Click on the Optical Data tab (after clicking the Calc button) to see detailed optical and solar property results,
calculated at normal incidence, for the glazing system. These properties are also calculated based on
incidence angle in the Angular Data tab (see below).

‘ Center of Glass Results I Temperature Datal Optical Data ‘ Angular D ata I Color Properties I Radiance Flesullsl

Vizible
Tiz Riviz
04222

Solar (1
Rbwis Tsol Rifzol Ribsal Absl Abs2 Abs3 Tdw-k. Tdw50 Tuw
0.4155 01088 03111 0.3063 0.2067 0.3457 0.02 0.0566 01035 nn2g2

Figure 8-25. Center of Glass Optical Data tab.

The following section describes the glazing system Optical Data results.

Visible

Tois
Rfvis
Rbuis

Solar
Tsol

Rfsol
Rbsol

Absl ...
AbsN

uv

Visible light transmission of the glazing system.
Front surface reflectance of the glazing system.

Back surface reflectivity of the glazing system.

Solar transmission of the glazing system.
Front surface solar reflectance of the glazing system.
Back surface solar reflectance of the glazing system.

Solar absorptance for each of the glazing system layers, starting with surface 1.

The UV results displayed will depend on the settings in File / Preferences / Optical Calcs tab

Tdw-K

Calculate optical results for:

[Ow Oow Okr] Ocobr

Figure 8-26. The UV values displayed depend on the settings in File/Preferences/Optical Calcs tab.

Damage-weighted transmittance of the glazing system, based on the Krochmann
calculation method. Measured between 0.300 and 0.500 microns (or 300 and 500
nanometers)

This value will be displayed if the KR box is checked in the
File/Preferences/Optical calcs tab (see figure above).
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From BFRC Glossary:

a measure of total solar transmittance which is damaging to surface finishes,
fabrics, etc, including ultraviolet and visible-light effects, for wavelengths
between 280 and 500 nanometers (or 0.280 and 0.500 microns), weighted
according to the Krochmann Damage Function.

From the WINDOW Default Standards File:

Description : Old-style Krochmann damage weighted average - not in NFRC
300-2003

Source Spectrum : ASTM E891 Table 1 Direct AM1_5.ssp

Detector Spectrum : Krochmann

Wavelength Set : Source

Integration Rule : Trapezoidal

Minimum Wavelength : 0.3

Maximum Wavelength : 0.5

Tdw-1SO Damage-weighted transmittance of the glazing system, based on the ISO 15099
calculation method.

This value will be displayed if the DW box is checked in the
File/Preferences/Optical calcs tab (see figure above).

Measured between 0.300 and 0.700 microns microns (or 300 and 700 nanometers)
From the WINDOW Default Standards File:

Description : NFRC 300-2003 UV Damage Weighted Transmittance based on
CIE 89/3

Source Spectrum : ASTM E891 Table 1 Direct AM1_5.ssp

Detector Spectrum : UV Action (a=3.6, b=12.0)

Wavelength Set : Source

Integration Rule : Trapezoidal

Minimum Wavelength : 0.3

Maximum Wavelength : 0.7

Tuv Unwieghted UV transmission of the glazing system.

This value will be displayed if the UV box is checked in the
File/Preferences/Optical calcs tab (see figure above).

Measured between 0.310 and 0.380 microns microns (or 310 and 380 nanometers)
From the WINDOW Default Standards File:

Description : Unweighted UV average - not in NFRC 300-2003
Source Spectrum : ASTM E891 Table 1 Direct AM1_5.ssp
Detector Spectrum : None

Wavelength Set : Source

Integration Rule : Trapezoidal
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Minimum Wavelength : 0.31
Maximum Wavelength : 0.38

8.2.4.6. Angular Data Results Tab

Click on the Angular Data tab (after clicking the Calc button) to see detailed optical and solar property
results, calculated at incidence angles from 0 ° to 90°, as well as hemispherical, for the glazing system

Center of Glass Results | Temperature Data | Optical Data [ Angular Data | Color Properties | Radiance Results

Angular Data || Annwal Optical Graphs

Figqure 8-27. Center of Glass Angular Data tab.

There are two buttons in the Angular Data tab:

1. Angular Data

2. Annual Optical Graphs (Note: This option is only available if the Simulation Engine is set to Tarcog,
in the File / Preferences, Options tab

The following section describes each of these results in detail.

Angular Data

The Angular Data button will only be “clickable” for glazing systems without shading systems; it will be
“grayed out” for glazing systems that include shading systems.

Glazing System Angular Properties @

1] 10 20 30 40 50 B0 7l a0 90| Hemiz

Teol| 0543 0543 0544 0532 0522 0505 0443 0336 0162 0000 0468
&bl 0140 0141 0143 0147 0153 0160 0169 0179 0176 0000 0157
Abs2 ) 0158 0159 0160 0160 0157 0152 0142 0119 0066 0000 07143
Rfsal| 0153 0152 0153 015 0162 0184 0240 0366 059 1.000 0222
Rbsal| 0742 0141 0142 0145 0153 0175 0232 0362 0607 1.000 0215
Twis| 0741 0740 0736 0723 0713 0631 0620 0470 0236 0000 0640
Rfwis | 0174 0173 0174 0178 0187 0213 0278 0424 0671 1.000 0255
Rbwiz| 0166 0165 0166 0163 0178 0203 0266 0404 0642 1.000 0244

Figure 8-28. Center of Glass Angular Data results.
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Angle
0-90

Hemis

Value
Tsol

Absl ...

AbsN
Rfsol
Rbsol
Tois
Rfvis
Rbois

SHGC

Each value calculated at the angle of incidence of solar radiation indicated, i.e., 40
degrees, etc.

The value integrated over all the angles of incidence of solar radiation, hence
hemispherical.

Solar transmission of the glazing system calculated at each incidence angle.

Solar absorptance for each of the glazing system layers, starting with surface 1
calculated at each incidence angle.

Front surface solar reflectance of the glazing system calculated at each incidence angle.
Back surface solar reflectance of the glazing system calculated at each incidence angle.
Visible light transmission of the glazing system calculated at each incidence angle.
Front surface reflectance of the glazing system calculated at each incidence angle.
Back surface reflectivity of the glazing system calculated at each incidence angle.

Solar Heat Gain Coefficient calculated at each incidence angle.
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Annual Optical Graphs

Note: This option is currently only available if the Simulation Engine, set in File / Preferences, Options tab,
is set to Tarcog

errnalCaIcs Optical Cales  Optical Data Radiance Deflection  Updates

Localization Simulation Engine
Urit system o 0sl O Tarcog
Language choice  English () WinCale

Figure 8-29. Annual Optical Graphs are only available if the Simulation Engine is set to Tarcog.

Clicking the Annual Optical Graphs button under the Center of Glass Results tab will display a series of
graphs as shown in the figure below. The graphs show the values calculated for every hour of the year and
then graphed over a year for different optical properties, latitude, window orientation and window tilt, for
the current record in the Glazing System Detail view.

The graph below, showing Transmitted Visible Light on the back side (interior surface) of a Venetian Blind
with the slats at a 45 degree tilt, with a south facing window (180 degree window orientation), illustrates that
the most light will be transmitted between 10 am and 2 pm during the winter months (October - March).

Graph Types Latitude Window Orientation Window Tilt (0 is
{0 is North) horizontal, 90 is vertical)
Transmitted Visible Light - back surface v 38 180 90

Transmitted Visible Light - back surface
Double low-e (argon) with inbetween horiz. VB (45 deg)

Dec ; :
S 10
Hov e eace
Oct CERE R Lol
’ — 03
Sep
— 0.7
Aug
— 0.6
5 Jul
g — 05
= Jun
— 0.4
May
0.3
Apr
0.2
[UEE 0
0.1
DR
n 0.0
Jan T T T 1
12am 2am 4am 6am 8am 10am12pm 2pm 4pm 6 pm 8 pm 10 pm

Hour

Latitude: 38 Orientation: 180 Tilt: 90
Generated by LENL WINDOW 7 (7.6.33)

| Save Graph | | OK

Figure 8-30. Center of Glass Annual Optical graphs.
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The options for what data will be displayed are explained below

Graph Type

Latitude

Window
Orientation

Window
Tilt

Buttons

Save

A pulldown list of data that can be graphed, from the following selection:

[Transmitted Visible Light - badk surface| -

Transmitted Visible Light - front surface
Transmitted Solar Energy - front surface
Reflected Visible Light - front surface

Reflected Solar Eneray - front surface
Transmitted Solar Energy - back surface
Reflected Visible Light - badk surface

Reflected Solar Energy - back surface

Figure 8-31. Selection of the results to display

e Transmitted Visible Light - front surface
e Transmitted Solar Energy - front surface
e Reflected Visible Light - front surface
e Reflected Solar Energy - front surface
e Transmitted Visible Light - back surface
e Transmitted Solar Energy - back surface
e Reflected Visible Light - back surface
e Reflected Solar Energy - back surface

The latitude used for the hourly calculations. The latitude affects the sun angle at every
hour of the year. Set this value to the latitude being studied to see the effect of the
shading system at that latitude. Default: 38 degrees. Legal values: -90 to 90 degrees.
Minus values will reflect calculations for the Southern hemisphere.

The orientation of the window for the hourly calculations, based on the standard that 0
is due north, 90 is due east, 180 is due south, and 270 is due west. Default: 0 (due
north). Legal values: 0 - 360 degrees.

The tilt of the window, based on the value input in the Glazing System Detail view;
therefore it is not editable in this graph. Legal values: 0 - 90.

Click the Save button to save the currently displayed graph as a PNG file. A browse
window will open to allow saving to any directory with any valid filename.
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8.2.4.7. Color Properties Results

Note: These results are only available if the Color box is checked in the Calculate optical results for section of

the File / Preferences, Optical Calcs tab.

[ Use matrix method for specular systems
lglazing systems without shading devices)

B Write CSV output file
B Write XML BSDF output

Generate full spectrally-averaged matrix for:

B Solar band

B Visible band
Spectral data  Condensed spectral data

Number of visible bands: 4
Mumber of IR bands: 3

Angular basis W6 standard basis e

I Calculate optical resultsfor:l
COuw  Obow  [JKR (]

Options ~ Themal Cales)| Optical Calcs | Optical Data  Radiance Deflection  Updates

Wenetian blind calculation methods
Solar/Visible range  Uniform diffuse
FIR range Directional diffuse

H of segments: 5

Figure 8-32. Make sure the Color box in the File/ Preferences, Optical Calcs tab is checked in order to see
Color Properties results.

Click on the Color Properties tab (after clicking the Calc button) to see detailed color properties for the
glazing system. These color properties are for normal incidence solar radiation for transmitted radiation and
front surface reflected solar radiation and include the CIE 1976 L*, a*, and b* color coordinates, the dominant
wavelenght, and percent purity. WINDOW calculates these values for glazing systems if each layer has an
associated spectral data file. See the WINDOW Technical Documentation chapter on Glazing System Optical

Performance for more details about these calculations.

| Center of Glagz Results I Temperature Data I Optical Data I Angular Data| Color Froperties | Radiance Results

Drarminant
Wavelength Purity
Tiensmitance 055380 4
Reflectance 056372 740

L* a*
46.75 -5.03
70.94 -6.21

bx
5.60
6.86

Figure 8-33. Center of Glass Color Properties tab.

The following section describes the glazing system Color Properties results.

Transmittance

Dominant
Wavelength

A single wavelength between 380-780 nm which best describes the color of the
material. Certain colors are represented with the wavelength of the

complementary color instead. (Not necessarily the wavelength with highest

value.)

Purity
the dominant wavelength.

*L* *a* *b*

A measure of how close the material color is to being a monochromatic color of

Chromaticity coordinates for the visible part of the spectrum.
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L* Lightness factor (higher is lighter)

%

a Red/ green factor (higher is more red, lower is greener)

b* Yellow/blue factor (higher is more yellow, lower is bluer)

Reflectance

Dominant A single wavelength between 380-780 nm which best describes the color of the

Wavelength material. Certain colors are represented with the wavelength of the
complementary color instead. (Not necessarily the wavelength with highest
value.)

Purity A measure of how close the material color is to being a monochromatic color of

the dominant wavelength.
*L* *a* *b*  Chromaticity coordinates for the visible part of the spectrum.

L* Lightness factor (higher is lighter)

*

a Red/ green factor (higher is more red, lower is greener)

b* Yellow/blue factor (higher is more yellow, lower is bluer)

8.2.4.8. Radiance Results

Click on the Radiance Results tab to see detailed Radiance results for the glazing system. In order to produce
these Radiance results, it is necessary to do the following:

® Make sure that you have the Radiance for WINDOW installed on your computer (go to the LBNL
WINDOW software download page)

®  Make sure that the “Enable Radiance” checkbox is checked in the File / Preferences, Radiance tab.

Options  Themal Calcs  Optical Calcs  Optical Data eﬂecﬁon Updates

B Enable Radiance

Figure 8-34. Make sure to check the Enable Radiance box in the File/ Preferences, Radiance tab.

®  C(Click the Radiance button on the left side of the Glazing System Library Detail view - this will cause the
Radiance dialog box to appear to enter values and start the calculation

®  The Radiance calculation will happen in the background, and when it is finished the program will
produce a dialog box saying the calculation is complete.

®  Once all these steps have been completed, the Radiance Results tab will show the results from the
Radiance calculation, including two images, one a black and white image, and the other a false color image.
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Center of Glass Fesults I Temperature D ata I Optical D ata I Angular Data | Color Properties | Fadiance Results

RunlD File: I onth Day Howr | Latitude |Longitude| Detail Foom Wiew  Standard Colol  Falze Color
mm mm
1 3 1 time B 21 120038 122 +z SimpleRoom_Low  June 21 120 38.0 122.0 Low  SimpleRoom  Fisheye

Figure 8-35. Center of Glass Radiance Results tab.

The following section describes the glazing system Color Properties results.

Run ID

File

Month

An auto-incrementing ID number for each Radiance run that is calculated for a
glazing system.

The name of the file created by Radiance to perform the calculation. The name
contains information about the settings used for the calculation, including the date
and time, latitude, longitude, room type and fidelity.

Room
Month | Hour Latitude Geometry
1_2 tme_ B 21 120038 122 +s SimpleR oom_Low
\
Sky Calculation
Da i I .
¥ g specification Detail

Radiance creates several results files for one calculation and they can be found in
C:\ Users\ Public\ LBNL\ WINDOW?7\ RADIANCE\ Results

The program creates a Radiance HDR file for both the black and white and false
color image, as well as BMP files for each (these are full size renderings) and
thumbnail BMP files which are displayed in this results row.

Q5(C) » Users » Public » LENL » WINDOWT » RADIAMNCE » Results
Full size BMP for black §

| 112 time_6_21_12.00_38_122_+s_SimpleRoom_Low.hdr

&1 2 time 6_21 12.00_38_122_+s_SimpleRoom_Low_f.bmp
1.2 time_8_21_12.00_38_122_+s_SimpleReom_Low_f.hdr

&1 2 time 6_21 12.00_38 122 +s_SimpleReom_Low_f_thumb.bmp
| 1_2 time 6_21 12.00_38_122 +s_SimpleRocom_Low_thumb.bmp

Thumbnail BMP for black
and white image

gl

Q.f

9/21

-
-

e

Qs
'='..]."('J'1’ HIETEr

- Share with = Slide show Print E-mail Burn MNew fr'! and white image [
il
Mame : Date
Radiance HDR file for
& 1_2 time 6_21 12.00_38_122_+s_SimpleRoom_Low.bmp 9/21 hlack and white image

Full size BMF for false
color image
(Ll gat-Ton g gl tel
Radiance HDR file for
false color image
Thumbnail BMP for false
color image

The month defined for the Radiance calculation.
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Day The day of the month defined for the Radiance calculation.
Hour The hour of the day defined for the Radiance calculation.
Latitude The latitude defined for the Radiance calculation.

Longitude The longitude defined for the Radiance calculation.

Detail The Calculation Detail defined for the Radiance calculation.
Room The Room Geometry defined for the Radiance calculation.
View The View defined for the Radiance calculation.

Standard The gray scale image from the Radiance calculation.

Color

False Color The false color image from the Radiance calculation.

8.2.4.9. Dynamic Properties Results

For glazing systems where chromogenic glass layers are modeled, a special results tab is displayed called
“Dynamic Properties”.

Below are Dynamic Properties results for a thermochromic glazing system, where the glass properties are
based on glass temperature.

Certer of Glass Flesults | Temperature Data | Optical Data | Angular Data | Color Properties | Fadiance Results | Dynamic Properties
Switching Paramater System Properties
Layer Temp Tzol Abszl Abs? Rfsol Rbzal Twiz Rviz Rbwvis SHGC
24.000 0.203 0.233 0.005 0.054 0113 0.433 0.020 0135 0.337
34.000 0.163 0773 0.003 0.050 o112 0.336 0.068 0132 0310
48.000 0.102 0.848 0.006 0.044 0110 0.206 0.043 0125 0.256
£4.000 0.048 0.906 0.004 0.042 0103 0.064 0.043 0122 0.z12
76.000 0.029 0.926 0.003 0.042 0108 0.021 0.042 0121 0.196
59423 0.080 0.893 0.005 n.042 0103 0.094 0.044 0123 0.222

Figure 8-36. Dynamic Properties tab for a thermochormic glazing system

Below are Dynamic Properties results for an electrochromic glazing system, where the glass properties are
based on the visible transmittance of the chromogenic layer, which can change state.

Center of Glass Results | Temperature Data | Optical Data | Angular Data | Color Properties | Radiance Results | Dynamic Properties
Switching Paramater System Properties
Layer Twiz Tsol Absl Abs? Rifzol Fbszal Twis Rifvis Rbvis SHGC
0.550 0185 0.754 0.007 0.055 0160 0.436 0.073 011 0.273
023 0.073 0.873 0.002 0.046 0153 0.203 0.052 0.096 o172
0180 0.050 0.903 0.001 0.045 0153 0144 0.050 0.094 0152
0.079 0.026 0.931 0.001 0.043 0143 0.0 0.046 0.091 0130
0.002 0.003 0.953 0.000 0.045 0133 0.007 0.048 0.091 0109

Figure 8-37. Dynamic Properties tab for an electrochromic glazing system
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8.2.4.10. Matrix Reader Spreadsheet
NOTE: This feature is currently disabled.

As explained earlier in this section, when WINDOW calculates a matrix (such as for a glazing system with a
shading system), the files containing the matrix results are CSV (comma separated value) text file and are
created for every calculated glazing system, and have the name of the glazing system with a CSV extension.
The files are located in the program working directory in the BSDFs subdirectory. The contents of these files
can be displayed in the “MatrixReader.xls” spreadsheet provided with the program (and explained in detail
later in this section).

To view the detailed angular results in the CSV files, do the following:
e Open the W6MatrixReader.xls spreadsheet with the Microsoft Excel program

e Click on the Load Matrix button, open the file with the desired glazing system name (such as
“Venetian - 90 degrees.csv”

The data will be displayed as shown below.

The results shown below are from a glazing system constructed of a double glazed IG (clear 3 mm glass) with
a Venetian blind between the panes, with the blind slat tilt set to 40 degrees.

E Microsoft Excel - WEMatrixR eader.xls =1 E3
IE_] File  Edit View Inset Fomat  Toole Data  ‘Window Help  Adobe PDF Type a question for help -8 X
DEHRS SR TH| kL. 2z -3l ias@ i W o B LU S==6S % W EE s A
(L

D11 - A
A | B | ¢ 0D [ E [ F T & [ H T 0 T o T ¥ T 'L I m I w T o P T a R [ s3
| 1 Load Matrix ID: 3 "Wenetian - 40 degrees”

2

| 3 |Input Angle islbla Eacl;oTransmittam:e Visible Back Transmittance vs Profile

100 0
" Theta e !
ST
5| P [m 7] SO 0a
| 6 |Output Angle "‘0““‘! '.W“ 0& /A\
g lossss Irrtet et et o7

| 7| Theta ".#“‘I! ll"”‘“ ]

8 Phi '.....~ N ,"fl,‘o‘.“l g 08 7 N

I n el Ens

| 10 Specular data “ Eos L
" Tiront 0.0015 03 | =

[ o 7
12 < |Tsol.spec 0.6658 01 =

(R 2 >

| 13 1 |Rfront 0.0549 1]

14 Rback 0.0825 L, a0 75 60 45 30 15 0 15 30 45 60 75 40

Profile Angle

15 Tiront 0.0018

i

15 @ [Tvis.spec 0.7873
17 Lgu Rfront 0.0842 Window Orientation 180 Window Tlh

| 18 | Rback 0.0913 (0=Maorth, 90=East, 180=South, 270=Wesf) (90=vertical, 180=horizontal facing up)

19

1 Visible Back Transmittance

| 20| Hourly Visible Back Transmittance
21 | |

[ Dec

| 22 | Tiront 0.1105 Moy |D08-03
= X |Tsoltotal|  0.690 ] | Gl |

— = Sep |D0BOT

| 24| @ |Rfrant 03880 A\ 0506

|25 Rback 0.0815 W |mn4os

| 26 W Tirant 01344 May |B03-04

0203

7 T [Tvis,total 0.8200 e

| < | = At w0102

|28 = |Rfrant 0.4549 Feb wpas
29 Rhack 0.1034 E E E E E E E E E E E E an
=0 28 &8 £ & F 2 & & &2 & 2

EQ

Ed

El
34
4 4 » »}\ Lookup { Basis j, Graphdata £ Oata 4 Directiona-Hemispheric £ Profile £ AnnualData £ SolarCales 1l ] Lljj
Ready v

Figure 8-38. The results displayed by the W6MatricReader.xIs file.
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Each section of the results spreadsheet is explained in the following section.

Tabular Results

Input Angle
Theta
Output Angle
Theta
P
‘ Visible Back Transmittance ﬂ
Specular data
Tiront 0.0015
% [Tsolspec| 06658
% Rirant 0.0849
Rback 0.0825
Tiront 0.0018
g Tvis,spec 0.7873
g Rirant 0.0942
Rback 0.0913
Hemispheric
Tiront 0.1105
% [Tsoltotal| 06906
@ |riront 0.3880
Rback 0.0915
" Tiront 0.1344
i@ |Tvis;total 0.8200
g Rfront 0.4543
Rback 0.1034

Figure 8-39. The tabular results from the complex glazing calculation.

The combination of Theta and Phi represents an angle of a ray of light relative to the glazing system. One way
to visualize these angles is to think of an arrow shot through the glazing system. When you are rotating the
shaft of the arrow, you are varying the Phi component. Therefore Phi varies between 0 and 360 degrees. Theta
is the angle between the arrow and the plane of the glass, and ranges between 0 and 90 degrees. 90 degrees is
perpendicular to the plane of the glass, and 0 is parallel to the plane of glass. In the standard wavelength set,
there are 145 combinations of theta and phi for both incoming and outgoing light ray angles.

The pulldown list listing the front and back transmittance and reflectance for solar and visible wavelengths
controls the display of the “polar” graphs. “Front” represents what is being reflected or transmitted into the
room. “Back” represents what is being reflected or transmitted on the outside. (Back transmittance is not a
very useful piece of data).
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Specular Data

This represents the component of the transmission that is direct, ie, the rays that go directly through
the shading system, such as the rays that go directly through a partially open Venetian blind. These
results are calculated for both the solar and visible wavelengths for front and back reflectance and

transmittance.

Hemispheric

This represents the all the solar radiation, both direct and diffuse, that is either reflected or
transmitted for the front and the back of the glazing system.

Solar Front Transmittance

The top graph shows specular transmittance or reflectance for a specific incoming theta and phi combination.
It shows all the transmittance or reflectance for all the outgoing phi’s for a certain outgoing theta. So it’s a
fixed incoming theta/phi and outgoing theta. The outside circle represents 100% reflectance or transmittance,
and the inner circle represents 0% reflectance or transmittance. It shows the transmission or reflectance as a
function of outgoing phi angle (0-360).

The bottom graph shows the hemispheric transmittance or reflectance as a function of incoming phi for a

given incoming theta.

Input Angle
Theta 40 hd
P
Output Angle
Theta 40 M
Phi
| Wisible Back Transmittance LI
Specular data
Tiront 0.0015
< |Tsolspec|  0.6658
& |Rfrant 0.0843
Rhback 0.0525
Tfront 0.0018
g Tvis,spec 0.7873
2 |Rfrant 0.0942
Rback 0.093
Hemispheric
Tiront 0.1105
< [Tsoltotal]  0.6906
@ |riront 0.3680
Rback 0.095
" Tiront 0.1344
@ [Tvis,total 0.8200
2 |Riront 0.4548
Rback 0.1034

Visible Back Transmittance

Figure 8-40. The visible front transmittance results from the complex glazing calculation.
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Solar Front Transmittance vs Profile Angle

The spreadsheet translates the incoming thetas and phis into profile angles, and this graph plots hemispheric
transmittance or reflectance for front or back, against the profile angle.

Visible Back Transmittance vs Profile

1 -
09 e

[aR<] l-\
o7 / A

@
1=}
5 //
£ 06
S s )i
g /
= 04
3 /]
'E 0.3 ’-"/’"

02 ]

-

0.1
0

B0 75 BOD 45 30 15 0 15 30 45  BO 75 90

Profile Angle
Windaow Crientation 180 Windoiw Tllt
(0=North, 90=East, 180=50uth, 270=West) (90=vertical, 180=harizontal facing up)

Figure 8-41. The solar front transmittance plotted against the profile angle of the system from the complex glazing calculation.

Hourly Solar Front Transmittance

The spreadsheet calculates a combination of theta and phi for each hour of the day and day of the year for the
sun position of a given latitude (in this case Berkeley, CA), against hemispheric transmittance or reflectance

Hourly Visible Back Transmittance

o091

00808
00708
o06-07
o0506
mo.4-05
m030.4
m0203
mo1-02
mo-01

/ H

11am

for front or back.
Figure 8-42. The hourly solar front transmittance for each hour of the day over each month of the year.
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8.3. Create a New Glazing System
There are several methods for making a new glazing system
From the List view:

e (Click the New button to make a new record with the name Default, and all the values based on
the default settings

e Highlight and existing record and click the Copy button to make a copy of that record with the
same name but a new ID

From the Detail view:

e (Click the New button to make a new record with the name Default, and all the values based on
the default settings

e Move to the desired record (either from the List view or using the record navigation buttons) and
click the Copy button to make a copy of the current record.

8.3.1. Create a Glazing System using Copy from the List View

To create a new glazing system from the List view using the Copy button, follow these steps:

* In the Glazing System Library List View, copy an existing record by highlighting the record to be copied
and clicking on the Copy button.

= (Click on the Detailed View button to edit the glazing system information as needed, including the Name.

* Save the record using the Record/Save menu (or Alt-S).

Step 1: Step 3:
Highlight the record to be copied by WINDOWS will automatically assign a unique ID for the new Glazing system. A
clicking on the record. different ID number can be typed, as long as it is unique.

/

Glazing System Library (C:%Users’\Public® LBML*WINDOWSE.1w8 mdb) /
Step 2: Detailed View
Click on the
Copy button to Calc D MName £ ’_‘ Mode | Titt EIE:\I';I‘IEI:S_[[:'IDEHHJJ
copy the New \
highlighted - 1 Single Clear 1 # g0  NFRC 100-2010
record. - TP == ) 2 [Douise Cea i 2 [ | 50 [NFRC 1002010 |
Delete 3 Double Low-e Air Adding a record... % o
Fnd 4  Double Clear with | n
D v 5  Triple Clear 1]
7  Double high solar ¢ o
g Sample GlzSys Cancel o
Advanced.. 10 Double low-e {gir) - 1D for new 15| o
24 records found. 11 Triple low-e (argon| - o
Import 2 |Oodiebw=C [] overwrite existin d s
10 Double low-e (arga — g recoras o
Export 31 Double low-s (argon) with inbetween honz. VB {45 37 [# [ 99 [NFRC100-2010
Report 312  Double low-e (argon) with ext. haoriz. VB (45 deg) k1 H 90 NFRC 100-2010
Prict 11 Double low-2 {angon) with ext. vertical VB (0 deg) k1 H g0 NFRC 100-2010

Figure 8-43. Use the Copy button to copy an existing record to a new record.
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8.3. Create a New Glazing System

8. Glazing System Library

Step 5:

Click on the Detailed View button to copy the highlighted record.

< Glazing System Library (C:\Users\Public*LBNLY"WINDOWS.1%wa mdb)
Detailed View
Cale ID Name Lifjm Mode Tit | Eyionmental
New
1 Single Clear 1 H g0  MNFRC 100-2010
Copy 3 Double Clear Air 7 # 90 NFRC 100-2010
Delete 1 Double Low-e Air 2 # 90  MFRC 100-2010
Find 4 Double Clear with Argon 2 H g0  MNFRC 100-2010
] 5  Triple Clear 3 H gg  MFRC 100-2010
7  Double high solar gain low-e 2 H# 90  MFRC 100-2010
8  Sample GlzSys 2 H# 90  MFRC 100-2010
Advanced... 10 Double low-e (air) - deflected 2 # 90  NFRC 100-2010
P e rols fomd! 11  Triple low-e {argon) - deflected 3 H gp  MNFRC 100-2010
I b Double Clear Air 7 H#
Import o
/ 20  Double low-e {argon) with ext. peforated screen k] H g0  MNFRC 100-2010
Export 10 Double low-e (argon) with int. horiz. VB (45 deg) 3 H gp  MNFRC 100-2010
Report 31  Double low-e (argon) with inbetween horiz. VB (45 deg) k] H# 90  MFRC 100-2010
Print 32  Double low-e {argon) with ext. horiz. VB (45 deg) k] H g0  MNFRC 100-2010
131 Double low-e (argon) with ext. vertical VB (0 deg) 3 H gp  MNFRC 100-2010

Step 4: /

Make sure the new record is highlighted, then either click on the Detailed View button to make changes to the new record, or
double click on the highlighted record.

Fiqure 8-44. Highlight the newly copied record and click on the Detailed View button.
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8. Glazing System Library

8.3. Create a New Glazing System

When the Detailed View is first opened, all the fields wi

Type a new name for the
glazing system.

Il be identical to the copied record.

10:,-;2\5 Mame: Double Clear Air
Use the up/down arrows
toadd ordeleteglass—T—————» * 2 Tilt: 50 ° IGHeight: 1000.00 mm
layers. E”‘g;“’n”;ﬁe;nf,' NFRC 100-2010 ~  IGWidth: 1000,00 mm
Comment:
Click on the Select arrows to
pick a new glass layer from Overall thickness: 23.430 mm Mode: # [T Model Deflection 1 2
the Glass Library.
N
n] Name Mode| Thick | DCenter |Fip| Tsol | Rsoll | Rsol? | Tvis | Rvis1 | R
- Glass 1 »» 103 CLEAR_E.DAT # 57 Olo771 | 0070 0070 0.884 0.080 O
- Gap 1 kr 1 Air 120
- Glass 2 ¥r CLEAR_G.DAT # 57 Jlo771 0070 0070 08334 0030 0O

\I" e Select screen displays the records from the Glass Library.

Highlight the desired glass library record, B Select
then click on the Select button to use itin _|
the glazing system. Cancel Find 6362 D - |6430recordsfo
D MName ProductMame Manufacturer Source  |Mode| Color
\ 6361 VUE1140.vir WUE-40 on Arctic Blue  Viracon IGDBEv182 #
» 5352 VUET40 vir VUE-40 on Clear Viracon
I 6363 VRE24-386VIR |VRES on OptiWhite Viracon IGDE 1020 #
D 2 Mame: /Du:nuble Clear Air
#F 2 Tilt: 30 ° IGHeight: 1000.00 mm
Environmental L s
Conditions: FRC 100-2010 ~  IGWidth: 1000.00 mm
Comment: ;
Overall thickness: 23.375 mm Mode: ? [ IModel Deflection 1 2
ID+ Mame Mode| Thick | DCenter |Flip| Tsol | Rsoll | Rsol2 | Tuis
- Glass PI 6362 WUE140 vir H 57 [Jlo188 0265 0542 0445
- Gap 1 ke 1 Air 120
- Glass 2 »» 103 CLEAR_G.DAT =R Olo771 0070 0070 0.884

When all the changes have been made to define the new glazing system, click on the Calc button and

the results will be updated

Figqure 8-45. Editing the Glazing System characteristics in the Detailed View.

WINDOW 8.1 User Manual

October 2026

8-35



8.3. Create a New Glazing System 8. Glazing System Library

8.3.2. Create a Glazing System with a Shading System

To model a glazing system with a shading system, specify that the layer is a Shade, which then allows
selection for that layer from the Shading Layer Library. The shading layer can be put on the outside or inside

of the glazing system, or between two glass layers. It is possible to model multiple shading systems in one
glazing system.

To add a shading layer to the glazing system, select “Shade or frit” from the pulldown list on the left hand
side of the layer table.

Glass
] Shade or frit

Figqure 8-46. To select a shade layer, select “Shade or frit”

The double arrow to the left of this option will then display all records in the Shading Layer Library

B Select >
Cancel Find ID - 764 records found.

D Name ProductMName Manufacturer |

24 Wowven shade. Gray. 10% open area (Generic

28 Perforated screen. 8.7 open area Generic

25 1" horizontal VB (white) - 45 deg Generic

30 3" horizontal VB (white) - 45 deg Generic

1 3" vertical VB {white) - 0 deg (open) Generic

kv 0.4" inbetween VB {white) - 45 deg (Generic

50 Cellular Shade. Single cell, light colar ID50_CS Generic

51 Cellular Shade. Stacked double cell, light colod ID51_CS Generic

Figure 8-47. Click the double arrow to the left of the ID column and the records from the Shading Layer Library are displayed.

The desired shading layer can be selected and it will be added as a layer in the glazing system.

ID#: 31 Mame: Double low-e (argon) with inbetween horiz, VB (45 deg)
# 3 : Tilt: 90 ° IGHeight: 1000.00 mm

Environmental . -

Conditione: MFRC 100-2010 ~ IG Width:  1000.00 mm //

Comment:

7
Owerall thickness: 31.430 mm Mode: # ) Model Deflection 1 2 3
D MName Mode| Thick | DCenter |Fip| Tsol | Rsoll | Reol2 | Tvis | Rwis1 | Rwis2 | Tir El EZ2 | Cond

v | (Glass1 »» 103 CLEAR_G.DAT # 57 [Jjo.771 | 0070 0070 08334 0030 0080 0000 0.340 0240 1.000
- Gap 1 »r 9 Air (10%) / Argon {S0%) Mix 15 10.000
v | Shade 2 ¥ 21 Dark Blue Blind 24 mm slat at 45 degrees
hd Gap 2 » 9 Air(10°%) / Argon (907%) Mix
v | (Glass3 »» 103 CLEAR_G.DAT # [Jjo771 | 0070 0070 0834 0030 0080 0000 0340 0240 1.000

Figure 8-48. The selected shade layer will now be defined for that layer in the Glazing System.
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8. Glazing System Library

8.3. Create a New Glazing System

8.3.3. Create a Glazing System with a Diffuse layer

Diffuse glass layers are found in the Shading Layer Library. To use a diffuse layer, select the option for the

layer of “Shade or frit”.

Glazz
. Shade or frit

Figure 8-49. To select a diffuse layer, select “Shade or frit”

The double arrow to the left of this option will display all records in the Shading Layer Library, which will
include any diffuse layers defined there. These layers will be of Type “Dir/Dif File”, meaning they have both
direct and diffuse optical properties. They will have an accompanying record in the Shade Material library.

D= 203 Mame: Double opague starfire
£ 2 - Tk 90 IGHEIh G o w
E”‘gr;’n”d'?ﬁeonnf:' NFRC 100-2010 v 16 widd
Comment: Cancel Find ] D 820 records found.
Overall thickness: 18.719 mm Mode: ?

— 1D Name ProductMame Manufacturer Tyvpe
55804  Satin (1) Clear Bmm Satin (1) Clear 6mm Walker Glass Dir/Dif File
55305  Satin (1) STARPHIRE &mm Satin (1) STARPHIRE &mm Walker Glass Diir/ O File
ID Mame | 55310 Opaque (2) Clear 6mm Opaque (2) Clear 6mm Walker Glass  Dir/Df File

= 55811 Opaque (2) STARPHIRE |~ Opaque (2) STARPHIRE 6mm  Opaque (2) STARPHIRE Gmm
- Gap 1 v+ 1 Air 58212 Velour (2) Clear 6mm Velour (2) Clear 6mm Walkeer Glass Dir/Df File
- Giass2 b 100 | BRONZE_3.DAT 55813 Velour (2) STARPHIRE 6mm | Velour (2) STARPHIRE 6mm  WakerGlass  Dir/DF File
5RA14  Satin (2) Clear Bmm Satin (2) Clear 6mm Walker Glass Dir/DF File
RRA1R  Satin (7 STARPHIRF Gmm Satin (1 STARPHIRF Amm Walker Glazs i TV Fil=

Figure 8-50. Click the double arrow to the left of the ID column and the records from the Shading Layer Library are displayed, which
include any layers defined as Type = “Dif/Dif File”.

The desired diffuse layer can be selected and it will be added as a layer in the glazing system.

D= 203 Mame: Double opague starfire
# 2 : Tilt: 90 ® IGHeight: 1000.00 mm
Environmental MFRC 100-2010 r IG Width:  1000.00 mm V
Conditions: ) Stviniuind /
Comment: %
7.
Overall thickness: 18.719 mm Mode: ? 1 2
D Name Mode| Thick | DCenter |Fip| Tsol | Rsoll | Rsol2 | Tvis | Rwis1 | Rvis2 | Tir E1 E2 | Cond
- Shade 1 5811 Opague (2) STARPHIRE 6mm H 58
- Gap 1 »» 1 Air 58 12.700
- Glass 2 »» 100 BRONZE_3.DAT # 31 [Jjoe46 0062 0063 0680 0065 0066 0000 0840 0840 1.000

Figure 8-51. The selected diffuse layer will now be defined in the Glazing System.
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8.3. Create a New Glazing System 8. Glazing System Library

8.3.4. Create a Vacuum Glazing System

Modeling a vacuum glazing system requires that a vacuum gap reference a record in the VIG Gap Library.

In the example below, the gap for the double glazed system is referencing a record called “Cylindrical
Ceramic” in the VIG Gap Library.

ID#: 104 Name: default
%2 ik 90 ° IGHeight: 1000.00 mm

Environmental e

Conditions: MNFRC 100-2010 ~ IG Width:  1000.00 mm

Comment:

B Select
Overall thickness: 6.296 mm Mode: ?
- Cancel Find D 8recordsfound.
[n] MName Type Pressure  |onductance (C Fillar Aray Type
D Name | mTorr Wim2-K

- Glass 1 b» 102 CLEAR 3.DAT 1 Cylindrical, Stainless-steel Mode! Based 1.000 1313 Square
< 2 Cylindrical, Ceramic y | Cyfindrical, Ceramic " Model Based
< Glass 2 »» 102 CLEAR_3IDAT 3 Truncated cone, Glass |

Model Based 1.000 0.849 Square

Figure 8-52. For a vacuum glazing system, the Gap layer references a record in the VIG Gap Library.

Here is the definition in the Gap Library for that vacuum. See Section 17. VIG Gap Library for details about
defining a vacuum gap. The “height” of the pillar determines the gap distance in the glazing system.

D+ 2

Mame: Cylindrical, Ceramic

Gap Gas Pressure: 1,000 mTorr Model-based

Residual Gas and Pillar Conductance (C*): 2.454 Wim2- Measured Gap Conductance

Fillar Properties

Thermal Conductivity:  4.000 W fm-K Geometry: Cylindrical Fillar array type: Square
Height (h): 0.200 mm Pillar spacing (5p): 20.000 mm
Contact radius {r): 0.500 mm .
- - - -
- - L]
- - -

- bsp
——
Sp

Figure 8-53. An example record from the VIG Gap Library, which is used to define the “gap” in a vacuum glazing system.
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8. Glazing System Library 8.3. Create a New Glazing System

8.3.5. Create a Chromogenic Glazing System

Chromogenic layers (such as electrochromic and thermochromic layers) are switchable, dynamic coatings on
glass or films that have properties that are passively or actively controlled to modulate admission of light and
heat. There are several chromogenic glass layers in the Glass Library, both electrochromic and
thermochromic.

The LBNL International Glazing Database (IGDB) contains several chromogenic layers. When the
manufacturers submit their data to the IGDB, they submit data for several of the different states of the
chromogenic layer. Each of these states is shown as a separate record in the IGDB, even though they are all
the same product. Below is an example of how the View electrochromic layers are represented in the IGDB.
This is also how the records will look when they are first imported (during the IGDB update process) into the
WINDOW Glass Library from the IGDB. For NFRC certification, only the light and dark statesa are modeled.

Glass Library (C:\Users\Public LBNL\WINDOWE. w8 mdb)
D Name ProductMame Manufacturer Source  |Mode
2900 CoolTone 7mm Clear SAG SageGlass® CoolTone™ 7mm Lami Clear Tint SAGE Bectrochromics, Inc. IGDB w1040 #
#4901 CoolTone 7mm Light 5AG SageGlass® CoolTone™ 7mm Lami Light Tint SAGE Bectrochromics, Inc. IGDB w1040 #
2903 CoolTone 7mm Medium SAG SageGlaszs® CoolTone™ 7mm Lami Medium Tint SAGE Bectrochromics, Inc. IGDB w1040 #
2904 CoolTane 7mm Full SAG SageGlass® CoolTone™ 7mm Lami Full Tint SAGE Bectrochromics, Inc. IGDBE v104.0 #

Figure 8-54. Chromogenic glass layers in the WINDOW Glass Library as imported from the IGDB.
There is one record for each state of an individual chromogenic product..

A WINDOW database can be structured so that only one representative record for a chromogenic glazing
(usually the "lightest" state) is shown below, and all the states are then displayed in the Glass Library detail
view. Such custom WINDOW databases can be found on the WINDOW Knowledge Base website under the
Chromogenics header: https:/ /windows.lbl.gov/window-knowledge-base

In order to update the WINDOW Glass Library to have the chromogenic data structured that way, it is
necessary to delete the existing single entry chromogenic records, and update a "grouped" set of records from
a specially structured WINDOW database.

SAGE Electrochromics is one example of a electrochromic manufacturer, but there are other in the Glass
Library. See the WINDOW Knowledge Base website (under Chromogenics) to see the list of chromogenic
layers in WINDOW.

Glass Library (C:\Users\Public\LBNL\WINDOWS.1%w8 mdb)

D Name ProductMame Manufacturer Source Mode|Color| Thickness
mm
, Themochromic1_24 LBl Themochromic1_24 | LBNL IGDB User vUser m

Themochromic2_24 LBNL IGDE User vUser 12 000
Themochromic3_22 LBNL IGDE User vUser 12 000

30020 ThemochromicZ_24 LBL
30030 Themochromicd_ 22 LBL

Figure 8-55. Chromogenic glass layers in the WINDOW Glass Library.
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Looking at the detail view of the layer, it is possible to see the characteristics of the different states

Glass Library
D& 30010 Thickness: ~ 7.000 mm
MName: Thermochromicl_24.LBL
Product Mame: Thermochromicl_24
Manufacturer:  LBML
Type:  Thermochromic
Conductivity L0000 wimK
Light Dark
Tempi 24000 34.000 48.000 62.000 75.000
Salor
Trans, Front (Tsol): 0.684 0.632 0.533 0410 0.331
Trans, Back (Tsol2): 0.684 0.632 0.533 0410 0.3
Reflect, Frort {Rsol1): 0.081 0.064 0.058 0.053 0.050
Reflect, Back {Rsol2): 0.078 0.064 0.058 0.053 0.050
Visible
Trans, Front (Tvis): 0.734 0.622 0417 0.157 0.087
Trans, Back (Tvis2): 0.734 0.622 0417 0.157 0.087
Reflect, Front (Rvis1): 0.085 0.064 0.052 0.045 0.043
Reflect, Back (Rvis2): 0.083 0.064 0.052 0.045 0.043
IR
Trang (Tir): 0.000 0.000 0.000 0.000 0.000
Emis., Front (Emis1): 0.240 0.240 0.340 0.340 0.240
Emis., Back (Emis2): 0.240 0.240 0.340 0.340 0.240

Figure 8-56. Detail view of a chromogenic glass layer showing the properties for each “state”.

When these layers are then used in a glazing system, WINDOW will report results at different states
depending on what type of chromogenic layer it is.
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8. Glazing System Library

8.3. Create a New Glazing System

For a thermochromic layer, where the states are determined by glass temperature, the program reports the
properties of the glazing system depending on temperature under the Dynamic Properties tab (which only
appears when a chromogenic layer is used in a glazing system).

D# 54 Mame: Thermochromic Azuria 12 mm
£ 2 > ik 90 ° IGHeight: 1000.00 mm
Enviranmental .
Conditions: MFRC 100-2010 b IG Width:  1000.00 mm
Comment:
Overall thickness: 27.748 mm Mode: [T Model Deflection 1 2
[CJUse switching Parameter
D MName Mode| Thick | DCenter |Fliip| Tsol | Rsoll | Resol2 | Twis | Rvis1 | Rwiz2 | Tir E1 EZ | Cond Comment
- Glass 1 »» 30020 Thermochromic2_24.LBL 120 []]0229 0045 0054 0545 0055 0065 0.000 0.840 0.840 1.000
s Gap 1w 1 Ar 127
@ Glass 2 »» 102 CLEAR_3.DAT # 30 []|0834 0075 0075 0899 0083 0083 0.000 0840 0340 1.000
Center of Glass Results Temperature Data Optical Data  Angular Data  Color Properties  Radiance Results  Dynamic Properties
Switching Paramater System Properties
Layer Temp Tsal Abz1 Abs2 Rf=zol Rbsol Twis Rfvis Rbvis SHGC
24.000 0.203 0.893 0.005 0.054 0.113 0493 0.080 0.135 0337
34.000 0.169 0773 0.008 0.050 0.112 0396 0.068 0.132 0310
43.000 0.102 0.843 0.006 0.044 0.110 0.206 0.049 0.125 0.256
64.000 0.048 0.906 0.004 0.042 0.109 0.064 0.043 0.122 0212
76.000 0.029 0.926 0.003 0.042 0.108 0.021 0.042 0121 0.196
55.423 0.060 0.893 0.005 0.042 0.109 0.0%4 0.044 0.123 0222

Figure 8-57. The glazing system results show the properties of the glazing system
in the different “states” based on the chromogenic layer.
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9. Glass Library

9.1. Overview

The Glass Library contains the thermal and optical properties of glazing materials. The total solar, visible, and
thermal infrared optical properties of a glazing as well as the thickness and thermal conductivity are
displayed.

In general, the records in this library are from the International Glazing Database (IGDB), which contains
records submitted by manufacturers of glazing layers. These submittals are reviewed for technical accuracy
as well as being subjected to a Peer Review before being added to the IGDB.

9.2. Glass Library List View
The List View shows all the records in the Glass Library.

Glass Library {C:\Users\Public\LBNLYWINDOWS. 1%wB.mdb)
Detailed View

Cale D Mame ProductName Manufacturer Source  |Mode|Color| Thickness | Tsol |Rsoll|Rsol2| Twvis |Rvis1|Rvis2 | Tir | emis1 | emis2 | Cond
MNew mm Wim-K
145 polycarbonate_6 dat Generic Polycarbonate 6 Generic IGDBv710 #H 6000 0771 0.080 0.080 0.822 0.084 0.084 0.000 0S00 0500 0200
= 146 polycarbonate_8dat | Generic Polycarbonate 8 Generic IGDB V710 # 8000 0752 0078 0.078 0795 0081 0.081 0.000 0.300 0500 0200
Delete 147 polycarbonate_10.dat | Generic Polycarbonate 10 Generic IGDBv710  # 10000 0.735 0.077 0.077 0.768 0.079 0.079 0.000 0500 0500 0200
Find 143 polycabonate_12.dat | Generic Polycabonate 12 Generic IGDBv71.0 # 12000 0720 0.076 0.076 0.743 0.077 0.077 0000 0900 0900 0.200
ID w 149 polycarbonate_18.dat | Generic Polycarbonate 18 Generic IGDBv710 # 18000 0679 0.073 0.073 0673 0.072 0.072 0.000 0500 0500 0200
200 H70_3sgf Hite 70 Saint-Gobain Sl IGDEvS1.0 # 3251 0367 0331 0404 0.712 0.084 0.081 0.000 0840 0636 0966
201 H55_3sdf Hilite 55 Saint-Gobain Sol IGDBvS1.0 # 3251 0.315 0.322 0.405 0572 0.068 0.068 DODD D340 0646 0966
Advanced. .. 202 H4D_3sgf Hiite 40 Saint Gobain Sol IGDBvS10  # 3251 0259 0304 0404 0.404 0.060 0.060 0.000 034D 0645 0.966
5436 records found. 203 H25 3sgf Hilte 25 SaintGobain Sol IGDBv91.0  # [l 3251 0.183 0278 0.395 0.209 0.055 0.054 0.000 0.840 0649 0.966
Import 204 LX70_3sgf LX 70 Saint-Gobain Sl IGDEvS1.0 # 3251 0367 0.331 0404 0.712 0.084 0.081 0.000 0B40 0636 05966
205 LX4D_3sqf LX 40 Saint-Gobain Sl IGDEvS1.0 # 3251 0255 0304 0404 0404 0.060 0.060 0.000 0840 0645 0966
Export 206 H70-8 3sdf 8 Mil Hiite 70 Saint-Gobain Sol IGDBv31.0 # 3404 0381 0316 0403 0.722 0.095 0.09 0000 0840 0790 0578
Report 207 LX70-8_3sgf 8 Mil LX70 SaintGobain Sol IGDBv91.0  # 3404 0381 0316 0403 0.722 0.095 0.096 0.000 0340 0790 0.878
Print 208 ECX70_3sof Ecolux 70 Saint-Gobain Sol IGDB v91.0  # 3277 0432 0278 0113 0678 0.126 0.037 0.000 0840 0092 0950
- 210 S140_3ww sgf Slate 40 Saint-Gobain Sl IGDEvS1.0 # 3035 0375 0276 0170 0.451 0.183 0.117 0.000 0840 0810 0528
(Undate 1GDB 211 SI30 3w sef Siate 30 Sait Goban Sol IGDBYS10 & 3035 0246 0359 0192 0304 0248 0143 0.000 034D 0840 0828
QI 212 5120 3ww saf Slate 20 Saint Gobain Sol 1GDBv910  # W 3035 0177 0452 0225 0232 0323 0168 0000 0840 0840 0328

Figure 9-1. Glass Library, List View.

9.2.1. Buttons

The buttons on the left hand side of the List View have the following functions:

Detailed  Used to access the detailed view of the record, where the input values can be edited.

View

Calc Not used in the Glass Library. Grayed out.

New Used to make a new record, based on a default record.

Copy Used to copy an existing record (including name and all associated input values) into a new

record.
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9.2. Glass Library List View 9. Glass Library

If the original record came from the IGDB, it contains detailed spectral data for many
wavelengths. If that record is copied, the spectral data is NOT copied into the new record. The
program will display a message indicating this when the record is copied.

Information @

The copied record will not inchide detailled spectral data, which may
result in incorrect results for optical properties such as SHGC and
TWI5. Custom layers with detalled spectral data can be created in
Opticz and imported into the Window Library.

The results will be less accurate for a record that does not have spectral data, particularly if the
layer has properties that are wavelength dependent, such as Low-E coatings.

In addition, copied records cannot be “protected” and are therefore displayed with a white
background.

Delete  Used to delete the highlighted record(s). The program allows deleting even protected records,
which have a gray background.

Find Used to find a record based on the field selected from the pulldown list, and a value typed into
the input box

Find

D hd
Advanced...

Find: A pulldown list that allows selecting the field to search the database. The values in the
pulldown list are all the values that are displayed in the list view

Find
1D -

t ame
Product ane
b &k acturer
Source
tode

Color
Thickness
Tzal

Rzall

Rzol2

Twis

Rzl

Rwizz

Tir

emiz]

iz

Cond
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9. Glass Library 9.2. Glass Library List View

Input box: Once a field has been selected from the Find pulldown list, the value to be searched is
entered into the blank input box. In the example below, the field specific is ID, and the ID to be
searched is entered into the input box.

Find

1572

Advanced: Used to access a more advanced method of searching the list

Find =
Find what: Find Next

[] Match entire cell et Direction
[] Match case _ Up @ Down

Import  Used to import records from various sources.

Import *

Format  WINDOW Database e

Import source  C:'Users\Public\LBNLWINDOWS, 1\5ample V Brm\se

] Avoid creating duplicate records in export database by searching
for identical records

oK Cancel

Format: Select from one of the following database formats

Format | WINDOW Database W

WINDOW Database
IGDE or Optics User Database

=  WINDOW database: Import from another WINDOW database

= IGDB or Optics User Database: Import from an Optics database, either the IGDB or an
Optics User Database, depending on the settings in the File/Preferences, Optical Data
tab.

Import Database: If the format is set to “WINDOW database”, an “Import Source” box appears
with a Browse button, so that the database file can be specified.

Avoid Creating Duplicate records : A checkbox, which when checked, will cause the program to
ask for new IDs if the IDs of the imported records conflict with existing records in the Library.

Export  Used to export records from this database into either an existing WINDOW database, or a new
WINDOW database.
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9.2. Glass Library List View

9. Glass Library

Report

Export

Export:
O Selected recordis)
() All records

Format  WINDOW Database e

Export C:\Users'\Publict . BNL\WINDOWS.1\Sample |

Awvoid creating duplicate records in export database by searching
for identical records

oK Cancel

Export: Radio buttons that allow export of selected (highlighted in the List) or all records

Format: The export format options are:

=  WINDOW database: This option causes an Export field to be displayed which allows

browsing to an existing database to export the records into by clicking the Browse button, or

a creating a new database to export the records into by clicking the New button.

®* Comma separated value (CSV): Selecting this option and clicking the OK button opens a

Save As window which allows the user to specify the name of the CSV file and the directory

location.

Avoid Creating Duplicate records ... : A checkbox, which when checked, will cause the program
to ask for new IDs if the IDs of the imported records conflict with existing records in the Library.

Allows creating a report containing a list of the records in the Glass Library.

Report it

Report type:  Library List

Generate report for:

() Selected record|s)
© Al records

Text file options
Use default column widths
Wrap columns

Preview

Cancel

Report Type: There is only one option, which is a Library List

Generate report for: Radio buttons which specify whether the report will contain only the

selected (highlighted) records or all the records in the Library

October 2026
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9. Glass Library

9.2. Glass Library List View

Print
Update
IGDB

NERC
only

Text file options:

=  Use default column widths: this option causes long names to be truncated

®  Wrap columns: this option allows long names to be wrapped to another line or lines

Preview: check this box shows a preview of the report before it is saved or printed

B Report C\Users\Publid\LBNL\WINDOWE. 1\report.tmp
1D Hame FroductName Hanufacturer Source
100 BRONZE_3 DAT Generic Bronze Glass Generic IGDE +11. 4
101 BRONZE 6. DAT Generic Bronze Glass Generic IGDE «11 .4
10z CLEAE_3.DAT Generic Clear Glass Generic IGDE +11.4
103 CLEAE_ & .DAT Generic Clear Glass Generic IGDE +11. 4
104 GRAY_ 3 DAT Generic Grey Glass Generic IGDE +11. 4
105 THIN_06.DAT Generic thin gla=ss 0.6 mm Generic IGDE +54.0
106 THIN_075.DAT Generic thin glass 0.75 mnm Generic IGDE +54.0
107 THIN_11.DAT Generic thin glass 1.1 mm GCeneric IGDE «54.0

Used to print a report which contains a list of all the records in the library.

Used to update the Glass Library to the latest version of the International Glazing Database
(IGDB), after that IGDB version has been downloaded and installed. See the
windows.lbl.gov/software website for information about installing the latest IGDB.

Checking this box will filter the records in the Glass Library to only display records that have the
“#” symbol in the Mode column. These are records that can be used for NFRC certification
calculations.

9.2.2. Column Headings

The List view contains columns with selected results (from the Detail view) for each record, as described

below.

ID

Name

Product
Name

The unique ID associated with each record.

The name of the glazing layer. This name is supplied by the manufacturer who
submits the data to the IGDB.

The Product Name of the record. This name is supplied by the manufacturer who
submits the data to the IGDB.

Manufacturer The Manufacturer associated with the record. This name comes from the IGDB.

Source

There are several records with “Generic” in this field. This indicates that they are
example records created by LBNL and were not submitted by a manufacturer to the
IGDB.

This field indicates where the data originated. If the record was imported from the
IGDB, the program will display “IGDB v<nn.n>", where <nn.n> is the IGDB version
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9.2. Glass Library List View 9. Glass Library

Mode

Color

Thickness

Tsol

Rsol1

Rsol2

Tois

Ruoisl

Ruis2

Tir

Emiss1

Emiss2

Cond

number of the data.

If this record was copied from another record in this library, or imported from an
Optics User Databse, the Source field will say “User”.

This is used to indicate records that can be used for NFRC approved calculations. If
this field has a “#” value in it, it is an approved NFRC record.

The exception to this is if the record was created in Optics as a laminate or applied
film, and then imported into this library. In that case, this Mode field will be blank,
but the imported record can still potentially be used for NFRC approved calculations,
although it is subject to verification by the NFRC approval process.

This is a color rendering of the layer, based on the spectral data.

The thickness of the layer. Units: mm (SI); inches (IP).

Solar transmittance of the glazing layer.

Solar reflectance of the glazing layer, exterior-facing side.

Solar reflectance of the glazing layer, interior-facing side.

Visible transmittance of the glazing layer.

Visible reflectance of the glazing layer, exterior-facing side

Visible reflectance of the glazing layer, interior-facing side.

Thermal infrared (longwave) transmittance of the glazing layer.

Infrared (longwave) emittance of the glazing layer, exterior-facing side

Infrared (longwave) emittance of the glazing layer, interior-facing side

Conductance of layer. Units: W/m-K (SI); Btu/h-ft-°F (IP)

9-6
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9. Glass Library 9.3. Glass Library Detail View

9.3. Glass Library Detail View
The Detail View shows details of individual layers in the Glass Library

Glass Library R
= Thidness: _ 3:124 mm pectral data preview

D# 100

Optics © specular Diffuse Range:  Ful ~ arr mlmn u Brf m8r 1 (4 Export view...
Name: BRONZE_3.DAT
New 1
- ProductName: Generic Bronze Glass o
oo Manufacturer: _Generic mR
Delete 04 HRe
ele d
= Type:  Monalithic il
Save
1.000
Export... Conductivity WijmAC aed
Solar
Trans, Front 0.6%
Trans, Back (Ts0l2: 0,64 a7
Reflect., Front (Rsol1):  0.062
Reflect., Back (Rs0l2):  0.063
06+
Visible:
Trans, Front (Tvis): _ 0.680
Trans, Back (Tvis2):  0.680 054
Reflect., Front (Rvis1): 0.085
Reflect., Back (Rvis2): _ 0.086
@ 044
Trans (Tr): 0,000
Emis., Front (Emst) 0840 03
Emis., Back (Emis2) 0,840
coors ] 821
Diffusing
Spectral data 014
. o
Comment: 03 04 0s 08 or 08 o8 10 1.1 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Wavelength (microns)

Figure 9-2. Glass Library, Detail View.

9.3.1. Buttons

The buttons on the left hand side of the Detail View have the following functions:

List Used to access the List view of the Glass Library, which shows all the records in the
library

Optics 5 Use this to open the Optics program.

New Used to make a new record.

Copy Used to copy an existing record (including name and all associated input values) into a

new record.

Delete Used to delete the current record.

Save Used to save the current record.
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9.3. Glass Library Detail View

9. Glass Library

9.3.2. Field Descriptions

The following describes the fields in the Glass Library Detail View.

The values in this section of the Glass Detail View are provided by the manufacturer if the layer is from the
IGDB, or the user if the layer is user-defined. If the record was imported from the Optics database, this name
will automatically come from that database. Values in records from the IGDB will be protected from editing
(they will be “grayed” and the Protected checkbox will be checked). Values in records that are user defined or
imported from Optics are not protected and can be edited.

General Information

ID

Thickness
Name

Product
Name

Manufacturer

Type

Conductivity

Glass Library
ID#: 100 Thickness: 31 mm
fd amne: BRONZE_3.DAT

Product Mame:  Generic Bronze Glass

Manufacturer.  Generic

Type: tonolithic

Conductivity: 1.000 swfmk,

Figure 9-3. Glass Library: General Information section in the Detail View.

The unique ID associated with this record. For records whose Source is “IGDB
v<nn.n>", this ID is automatically assigned. For records whose Source is “User”, this
ID is assigned automatically by WINDOW but can be overwritten by the user at the
time the entry is created, as long as it is unique.

Glass thickness. Units: mm (SI); inches (IP).
The name of the glass layer, provided

The product name, provided by the manufacturer if the layer is from the IGDB, or the
user if the layer is user-defined.

The name of the glass manufacturer.

For records from the IGDB or Optics, these values are predetermined from those
sources. Options include:

®  Monolithic

=  Coated

®  Film

= Applied Film

® Laminate

® Interlayer

®  Electrochromic

®  Thermochromic

Conductivity of the layer. Units: W/m-K (SI); Btu/h-ft-°F (IP)
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9. Glass Library 9.3. Glass Library Detail View

Solar

Optical properties of the layer in the Solar spectrum

Solar

Tranz, Front [T zol): ’m
Trans, Back [Tsal2): ’m
Feflect., Front [Rsol1]: ’W
Reflect, Back (Rsol2): [ 0.083

Figure 9-4. Glass Library: Solar section in the Detail View.

Trans. Front  Solar transmittance of the glazing layer, exterior-facing side.

(Tsol)

Trans. Back  Solar transmittance of the glazing layer, interior-facing side.
(Tsol2)

Reflect., Solar reflectance of the glazing layer, exterior-facing side.

Front (Rsoll)

Reflect., Back  Solar reflectance of the glazing layer, interior-facing side.
(Rsol2)
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9.3. Glass Library Detail View 9. Glass Library

Visible

Optical properties of the layer in the Visible spectrum

Wizible
Trang, Frant [Twig]: ,W
Tranz, Back [TwvisZ]: ’w
Feflect.. Front [Fvizl): ,W
Reflect., Back [Rviz2]: 0.0EE

Figure 9-5. Glass Library: Visible section in the Detail View.

Trans. Front  Visible transmittance of the glazing layer, exterior-facing side
(Tovis)

Trans. Back  Visible transmittance of the glazing layer, interior-facing side
(Tvis2)

Reflect., Visible reflectance of the glazing layer, exterior-facing side.
Front (Rvis1)

Reflect., Back  Visible reflectance of the glazing layer, interior-facing side.
(Ruis2)

IR (Infrared)

Optical properties of the layer in the Infrared spectrum

IR

Trang [Tir]: 0.000
Emis.. Front [Emiz1] 0.840
Emis., Back [Emiz2] 0.840

Figure 9-6. Glass Library: Iinfrared (IR) section in the Detail View.

Trans (Tir) Thermal infrared (longwave) transmittance of the glazing layer.

Emis., Front  Infrared (longwave) emittance of the glazing layer, exterior-facing side
(Emis1)

Emis., Back Infrared (longwave) emittance of the glazing layer, interior-facing side
(Emis2)
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9. Glass Library 9.3. Glass Library Detail View

Fields at the bottom of the screen

Colar: l:l

Comment;

-

Figure 9-7. Glass Library: Fields at the bottom of the screen.

Color This is a color rendering of the layer, based on the spectral data.
Diffusing This checkbox indicates whether the layer is specular (unchecked) or diffusing
(checked).

Spectral Data  This checkbox is always grayed out, and indicates whether the layer includes spectral
data. All the records from the IGDB should have this box checked. Any records
created by users in WINDOW in this Library (using the New or Copy buttons) will
not have this box checked, because by definition, they do not have spectral data.

Comment A comment field editable by the user.
Protected This box is always grayed out so it can never be edited by the user. However, if the

record came from the IGDB, the box will be checked, indicating that it is protected
from editing.
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9.3. Glass Library Detail View 9. Glass Library

Graph of the spectral Data
The spectral data associated with each glass layer is displayed to the right of the data

Spectral data preview

© specular Diffuse Range:  Ful v arf mC m Brf m8rb - B (&b Export view...
10
orTf
(=N
EFRb
094 W Af
054
074
064
054
0.4+
034
024
041
L~ N
oo T T T T T T T T T T T T T T T T T T T T T
03 04 05 06 1k 0s [IR:] 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Wavelength (microns)

Figure 9-8. Glass Library: Graph of the spectral data associated with the glass layer.
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9. Glass Library 9.4. The International Glazing Database and Optics

9.4. The International Glazing Database and Optics

The primary source of data in the WINDOW Glass Library is the International Glazing Database (IGDB).
New versions of the IGDB are released on a regular basis. This data is submitted to LBNL by manufacturers
of glazing layers who want their data to be used in WINDOW calculations. LBNL performs a technical review
of the submitted data, and then distributes it for a Peer Review. Once the data has passed the Peer Review, it
is included in the next public version of the IGDB, which can be found on the LBNL software download page
at windows.lbl.gov/software.

In File / Preferences, in the Optical Data tab, there are two choices for updating the Glass Library

e IGDB Database: this requires downloading and installing the IGDB releases as they are available
from this website: https:/ /windows.lbl.cov/igdb-downloads. That installation will result in a file
called “Glazing.mdb” to be installed in the following folder

o C:\Users\Public\ LBNL\ LBNL Shared

When the “Update IGDB” button is clicked in the Glass Library List View, WINDOW uses that
installed database to update the Glass Library records to the installed release.

¢ IGSDB Web-based Platform: the IGSDB is kept current with new IGDB releases, and does not
require a new IGDB installation with each new IGDB release. When this choice is selected in
File/Preference, Optical Data tab, WINDOW uses the IGSDB website to determine the records that
need to be updated in the Glass Library.

Options Themal Cales  Optical Cales | Optical Data | Radiance Deflection  Updates

Use the following database for optical data:
> (O IGDB or IGDB Update

This option requires

installing the latest
version of the IGDB. C:\Users"Public®\LENL\LBML Shared"Glazingmdb  Browse

() Optics User database

Browse

This option does not
require an installation. It
will look at the web-based Standards File
platform for the latest
updates, relative to the
version in the WINDOW
database being updated.

» ©IG5SDE (https://igsdb Ibl gov

INLALBML shared'Standards\W5_NFRC_2003.std  Browse

Figure 9-9. Set the Preferences for the IGDB update
in the File/Preferences/Optical Data tab.

When the IGDB data is updated in the WINDOW Glass Library, the Source field indicates that the records are
from the IGDB and includes the version number. Additionally, all these records are protected from editing
(they have a gray background in the list view, and cannot be edited in the detailed view, although they can be
deleted). All data that comes from the IGDB has detailed spectral data associated with it. The optical
properties displayed (transmittance, reflectance, emittance) in the Glass Library are average values calculated
from the IGDB spectral data, based on the Optical data standard defined in File/Preferences/Optical Data
tab, the default standard being “W5_NFRC_2003.std”.
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9.5. Updating the Glass Library

9. Glass Library

9.5. Updating the Glass Library

Both choices have the same functionality once the Update IGDB button is clicked.

Once the method for updating to the latest version of the IGDB has been set in File / Preferences, Optical data
tab, go to the Glass Library List view, and click on the Update IGDB button

Click Update IGDB button —

Detailed View

New

Copy

Delete
Find

ID ~

Advanced...
6496 records found.
Import
Export
Report
Prirt

Update IGDB

[ NFRC orly

Glass Library (C:\Users\Public\LBNLYWINDOWS. 1w 8 mdb)

D

210
21
212
213
215
216
217
218

Mame

H55_3.sgf
H4D_3 =gf
H25_3sgf
LX70_3 =qgf
L¥%40_3 sqgf
H70-8_3.sgf
LX70-8_3.sgf
ECX70_3.sgf
S140_3ww saf
S130_3ww saf
SI20_Fww saf
SI10_3ww sgf
5t70_3.sqgf
5t60_3.sgf
St50_3ww sgl
St40_3Iww sgf
CX60_3.sgf

ProductName

Hilte 55
Hilite 40
Hilte 25
LX 70

L¥ 40

8 Mil Hilite 70
8 Mil LX70
Ecolux 70
Slate 40
Slate 30
Slate 20
Slate 10
Sterding 70
Sterling 60
Sterling 50
Sterling 40
CX 6D

Figure 9-10. Click the Update IGDB button in the Glass Library List view.

e The program will display a progress bar as it discovers what records in the Glass Library need to be

removed, added or updated based on the records in the new glazing.mdb file.

Figure 9-11. The program will show a series of progress bars as it checks each record.

Window

Getting records to update.
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9. Glass Library 9.5. Updating the Glass Library

e The program will show the results of the update before actually proceeding with the update. Click
the OK button to allow the program to proceed with the updates to the Glass Library indicated in this
dialog box. If you click the Cancel button, the program will not perform the indicated updates to the
Glass Library.

IGDE Update (=3
About to update to IGDE version 62.0.0.

384 records will be added

458 records will be updated
171 records will be removed

Fecords scheduled for removal

-

D Name Productt ame Manufacturer Source  |Mode Color| Thickness | Tsol | Rsoll | Rsol2| Twis | Rwisl | Rvis2| Tir | emis] | emis2 | Cond

WimK

» 015_000000_E_0Ch Sa selies Eastman Cherniy IGD

@07 030_000000_2_3CH Saflex® R series E astrnan Chemin IGDE +31.0

B30 0763 0071 0072 0892 0.080 0090 0000 0840 0840 0E12

[# ]

it
1808 030_000000_2_5CH 5 aflex® R series Eastran Chemi [GDE v31.0 # 5780 0735 0.070 0089 0886 0.080 0020 0000 0840 0.840 0525
1809 030_000000_2_7CH 5aflex® R series Eastan Chemi [GDE v31.0  # G160 0727 0.089 0.082 0885 0.079 0.079 0000 0840 0.840 (0533
1810 030_000000_3_0CH 5 aflex® R series Eastan Chemi [GDE v31.0  # 670 0724 0.089 0082 0883 0.079 0.079 0000 0840 0.840 0655
1812 030_000000_5_0CH 5 aflex® R series Eastan Chemi [GDE v31.0  # 10760 023 0076 0076 0571 0023 0089 0000 0840 0840 0729
1813 030_000000_6_0CH 5aflex® R series Eastman Chemi IGDE v31.0  # 12760 0ES7 0.083 0069 0867 0.082 0031 0000 0240 0840 0751
1814 045_000000_2_3CH Saflex® R series Esstman Chemi IGDE v31.0  # 5740 0729 0.059 0088 0887 0.079 0079 0000 0640 0.840 0542
1815 045_000000_2_5CH Saflex® R series Esstman Chemi IGDE v31.0  # 6140 0718 0086 0067 0884 0.077 0077 0000 0840 0.840 0556

#

E.540 0716 0067 0.083 0834 0078 0073 0000 0240 0840 0570

1| T 3

1815 045 _000000_2_7CHh Saflex® A seres E astrnan Chernin IGDE +31.0

Figure 9-12. The program will show what the updates will be.
Click the OK button to allow the program to proceed with the updates.
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9.6. Chromogenic Glass Layers 9. Glass Library

9.6. Chromogenic Glass Layers

Chromogenic glass layers, such as electrochromic and thermochromic layers, are switchable, dynamic
coatings on glass or films that have properties that are passively or actively controlled to modulate the
admission of light and heat.

The IGDB contains several chromogenic layers. When the manufacturers submit their data to the IGDB, they
submit data for several of the different states of the chromogenic layer. Each of these states is shown as a
separate record in the IGDB, even though they are all the same product.

Because WINDOW requires just one record for a given chromogenic layer, special WINDOW databases are
created for chromogenics and can be downloaded from the Window website (see the Chromogenics section of
the WINDOW Knowledge Base on windows.lbl.gov/software).

If the chromogenic layers from those special WINDOW databases are imported into the WINDOW Glass
Library, there will be one record in that library for each chromogenic layer, shown in the List View. However,
in the detail view the states that were measured will be displayed.

There are currently two types of chromogenics supported by WINDOW:
=  Electrochrochromic layers which are switched by an electric current through the glass

®  Thermochromic layers which are switched by glass temperature
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9. Glass Library

9.6. Chromogenic Glass Layers

9.6.1. Electrochromic Layers

The electrochromic layers are shown as a single layer in the Glass Library List View, such as the Sage
Electrochromics layers shown below.

Glazsz Libram [C:AU zers\PublichLBMLWIMDOWY . Bhad mdh)

D

8300
8305
8910
8315
8320
8325
8930

M arne

Sagellazs_Clazsic 7 BdchSAG
Sagellazs_7 SRAZ2 B0ch SAG
Sagellazs_ 9 Gray_45ch SAG
Sagellazs_9 Green_49ch.SAG
SageGlazz 9 Blue_40ck SAG
SageGlazs 9 GraySWC_24ch SAG
Sagellazs 9 GinSYC_26cl SAG

PraductM ame M anufacturer
Sagellass® Clagsic Tmm lami full clear 642 SAGE Electrochromics,
Sagellazs® SR2.0_7mm lami full clear B0ZT SAGE Electrochromics,
Sagellazs® Gray 9mm lami full clear 45%T SAGE Electrochromics,
Sagellazs® Green 9mm lami full clear 43%T SAGE Electrochramics,
SageGlazz® Blue Smm lami full clear 40T SAGE Electrachromics,

SageGlass® Gray SYC Smm lami full clear 24%T  SAGE Electrochromics,
Sagellazs® Green SYC 9mm lami full clear 26%T  SAGE Electrochromics,

Mc.

nc.

nc.

nc.

fic.

nc.

Mc.

Source

IGDE v332.0
IGDE v33.0
IGDE +33.0
IGDE +33.0
IGDE v33.0
IGDE v33.0
IGDE v332.0

Mode| Color| Thickness

mm
E.330
E.330
8.830
8.700
8.7E0
8.820
8730

T T H H T T T

Figure 9-13. Electrochromic layers in the Glass Library List View

In the Glass Library Detail View the characteristics of the different states are displayed. The same standard
values that are displayed for all the Glass Library records are displayed, but there is a separate column for
each of those values for the different states that were measured by the manufacturer and submitted to the

IGDB.

The first column labeled “Light” represents the lightest state for the layer, and the last column labeled “Dark”
represents the darkest state for the layer. The Switching parameter in this cases is Visible Transmittance

(Tvis).
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9.6. Chromogenic Glass Layers 9. Glass Library

Glaszz Librany
ID# 8900 Thickness: L0 mm
Marne: SageGlass_Classic_7_Edclr SAL
Product Mame:  SageGlazs® Claszic_ 7rm lami b
Marufacturer,  SAGE Electrochromics, Inc.
Type:  Electrochromic
Conductivity: 06 wimk
Light Drark
Twis ! 07za 0.203 0119 0063 0014
Salor
Trans, Frant [Tzal): 0436 0.084 0.048 0025 0.008
Trans, Back [Tsol2]: 0436 0.084 0.048 0025 0.008
Reflect, Front [Rsoll]: 0105 0.081 0.079 0074 0.081
Reflect, Back [Fzal2): 0139 nizz 0122 0112 0125
*izible
Trans, Front [Twvis): 07za 0.203 0119 0063 0014
Trans, Back [TwvizZ2]: 07za 0.203 0119 0063 0014
Reflect, Front [Rwviz1]: 0.064 0.056 0.054 0053 0.057
Reflect, Back [Rvis2): 0044 0013 noiz 0011 noiz
IR
Tranz [Tir): 0.000 0.000 0.000 0.000 0.000
Ernis., Fraont [Emiz]: 0839 0.839 0.839 0839 0.839
Emis., Back [EmizZ2]: 0142 0142 0142 0142 0142

Figure 9-14. Electrochromic layers in the Glass Library Detail View

9.6.2. Thermochromic Layers

The thermochromic layers are shown as a single layer in the Glass Library List View, such as the Pleotint
layer shown below.

Glazz Library [C:5U zershPublicA\LBMLYWWWINDOWF B mdb]

|0 M ame ProductM ame b arwfacturer Source  |Mode Color) Thickness
M
16500 Suntuitive_05C.PLE Suntuitivel at 5 C Pleatint IGDE w380 # 12 BER

Figure 9-15. Electrochromic layers in the Glass Library List View

In the Glass Library Detail View the characteristics of the different states are displayed. The same standard
values that are displayed for all the Glass Library records are displayed, but there is a separate column for
each of those values for the different states that were measured by the manufacturer and submitted to the
IGDB.

The first column labeled “Light” represents the lightest state for the layer, and the last column labeled “Dark”
represents the darkest state for the layer. The Switching parameter in this cases is temperature (Temp).
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9. Glass Library 9.7. Checksum Message

Glass Library
ID & 1B500 Thickness: 128 mm

Marne: Suntuitive_06C.PLE
Product Mame:  Suntuitive] at 5 C

Manufacturer:  Pleotint

Type:  Themochromic

Conductivity: 0730 wiimk

Light Dark.
Temp 5.000 15.000 25.000 45.000 B5.000 85.000 95.000
Solor
Trans, Frant (Tsoll: 0.625 0673 0.641 0.433 0.343 0.256 0232
Trans, Back [Tzol2): 0.685 0.673 0.641 0.433 0.343 0256 0232
Reflect, Frant [Rzall): 0.064 0.064 0.062 0.055 0.050 0.047 0.046
Reflect, Back [Fisol2): 0.064 0.0E4 0.0e2 0.055 0.050 0.047 0.046
Yisible
Trans, Frant (Twvig): 0.713 0.695 0623 0.357 0.105 0023 ooma2
Trans, Back [Twis2): 0.719 0.695 0.623 0.357 0.105 0023 ooz
Reflect, Frant [Rwis1 ) 0.067 0.0E5 0.0E1 0.043 0.043 0043 0043
Reflect. Back [Fviz2): 0.067 0.0E5 0.0E1 0.043 0.043 0043 0043
IR
Trans [Tir: 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Emis... Front [Emiz1]: 0.840 0.840 0.840 0.840 0.840 0.840 0.840

Emis., Back [Emis2, 0,240 0.240 0.240 0.240 0.240 0840 0840

Figure 9-16. Thermochromic layers in the Glass Library Detail View

9.7. Checksum Message

The Glass Library includes a “checksum” value, which is a security measure to indicate if the Glass Library
data has been edited outside the WINDOW program. When a record is imported into the Glass Library, the
checksum is calculated. If the calculated checksum does not match the checksum associated with the record,
the program will put up a message saying that it appears the data has been edited out side of the program,
and that the glass layer should be reimported into the Glass Library, as shown in the previous section.

Warning: Glazing layer checkzum indicates that the data may have
been edited outzide of the program for Glazing D= 102, Ty
reimporting the glass layer from the most current IGDE.

Figure 9-17. Glass Layer failed checksum test.
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9.8. Importing a Layer from an Optics User Database 9. Glass Library

9.8. Importing a Layer from an Optics User Database

It is possible to create a layer in Optics and import it into the WINDOW Glass Library. This is useful for
creating new laminates, or applying a coating or applied film to a different substrate than is in the IGDB. (See
the WINDOW / THERM Simulation Manual for details about making a new layer in Optics). It is also
possible to import a spectral data file (that has been measured in a spectrophotometer, for example) into
Optics, and then import that layer into the WINDOW Glass Library. See windows.lbl.gov/software for
information about the format of such a text file to import into Optics.

When a new record is created in Optics, it is stored in the “Optics User Database” which by default is called
“UserGlazing.mdb”. This is the database that you will be importing from (unless for some reason you have
renamed it) when you import Optics records into the WINDOW Glass Library.

Here are the steps to import a user-created layer from Optics into WINDOW.

In File/Preferences, go to the Optical Data tab, and set the second option, Optics User Database, to your
Opticsb user database. You can use the Browse button to browse to the file, which by default is located in

C:\Users\Public\LBNL\LBNL Shared

Step 1:
From the File/Preferences menu option, go to
the Optical Data tab

Options Themal Cales  Optical Cales | Optical Data | Radiance

Use the following database for optical data: Step 3:
() IGDB or IGDB Update The default name for the database is
- L~ . "
C\Users\Public\LBNL\LENL Shared\Glazingmdb  Bro UserGlazing.mdb”.
Step 2:
Select the radio button —» @ Optics User database The default location for the database is
labeled “Optics User Jsers\Public\LBNL\LBNL SharedhUserGlazing mctl  Browse C:\Users\Public\LBNL\LBNL Shared.
database” w
() 1GSDB (https://igsdb Jbl gov) ™\ You can use the Browse button if it has

been renamed or relocated.
Standards File

C:\Program Files (x86)"LBML*LENL shared‘\Standal Browse

Figure 9-18. Setting Preferences for importing an Optics User Database.
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9. Glass Library 9.8. Importing a Layer from an Optics User Database

Next, go to the Glass Library List View, click on the Import button, select the 2nd choice, "IGDB or Optics
User Database" as the format, and click OK.

Step 4:
Navigate to the Glass Library List View

Glass Library [C:\Users\Public\L BNL\WINDOWSE. 1w 8 mdhb)
Detailed View
Cale ID MName ProductMame Manufacturer Sol
MNew
Ml 100 |BRONZE_3.DAT  Generic Bronze Glass
Copy
Import
Delete
'r;‘d Format | WINDOW Database ~|
WINDOW Database
R bl TG0E or Optics User Database Bl
Advanced... -] Avoid creating duplicate records in export database by searching | Step 6:
for identical records Set the Format to “IGDB or Optics
6435 reconds found. User Database”
oK Cancel
Import A

:

Step 5: Step 7:
Click the Import button Click the OK button

Figure 9-19. In the Glass Library List View, click the Import button and set the format to “IGDB or Optics Use Database”.
Records from the Optics user database set in the File/Preferences dialog box will be displayed.

The records from the Optics
user database will be displayed

!

7| C:\Users\Public\LBML\LBML Shared\UserGlazing.mdb

[ Select ][ Cancel ] [Selecl .-’-‘«II] [Clear selection|  Find 3 records found,
a

Highlight the records to be

imported, and click the Select FRC_ID FileM ame Froducth ame b anufacturer
button to import those

records, or click the Select All N FLA-2MG-MYT5-A R, it

button to import all the 30002 Lam_1223_RE11_1223-Ny15Fim.usr | User

records aoo00  Laminate 80000, usr zer

Figure 9-20. Select the records from the Optics User Database to be imported into WINDOW

You can select the records you want to import (use Shift Click to select contiguous records, Ctl Click to select
multiple non-contiguous records, or Select All to select all records). Then click the Select button, which will
import the selected records into the Glass Library.

The “Adding a record...” dialog box will appear, allowing you to keep the Optics ID, or enter a new ID for
the record that will be imported into the Glass Library.
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9.9. Creating a User-Defined Glass Layer 9. Glass Library

9.9. Creating a User-Defined Glass Layer

In most modeling situations, the IGDB data in the Glass Library will be used for glass layer definitions
because it contains detailed spectral data. However, it is possible to create a "user-defined" Glass Library
record in WINDOW. This type of glass record will not be protected, will have the Source field set to "User",
and will NOT have spectral data associated with it, and therefore WINDOW will only be able to do a single-
band calculation. In the case of a user-defined Glass Library created in WINDOW, the values input for the
optical properties will represent average data supplied by the user rather than calculated by WINDOW from
the spectral data from the IGDB. (It is possible to create glazing layers in the Optics program, which WILL
include spectral data, and which can be imported into the WINDOW GClass Library.)

A new Glass Library records can be created in either the List or Detail view using either the Copy (to copy an
existing record) or New (to create a completely new record) buttons.

The steps below illustrate how to create a user-defined record in the Glass Library by copying an existing
record:

* Inthe Glass Library List View, copy an existing record by highlighting the record to be copied and
clicking on the Copy button.

File Edit Libraries Record Tools Miew Help
= ElE Bajlem; O#7@aAVk ¢
Glazs Library (C:\Users\Public*LBNL*WINDOW2.1'w8.mdb)
Detailed View
Calc D Name ProductName Manufacturer Source Mode| Color| Thickness
mm

100 BRONZE_3.DAT Generic Bronze Glass  Generic IGDBv11d # 1124

, BRONZE_6.DAT Generic Bronze Glass IGDB w114 [# |
Delete 102 CLEAR_3.DAT Generic Clear Glass Generic IGDBv11d # 1048

Step 2: \ Step 1:

Click on the Copy button to copy the

Highlight th dto b ied.
highlighted record to a new record. 'ene € record to be copie

Adding a record...
Step 3:
WINDOWS will automatically assign a unique sequential Cancel
ID for the new record. This ID can be changed as long as \

it is unique. Click the OK button to add the record. D for news record: | I

ihg

[ Ovenwrite existing records

Information @
When the record is copied, WINDOW will display a >
message indicating that there it no detailed spectral data The copied recard will not include detailed spectral data, which may
rezult i incorect results for optical properties such ag SHGC and
TWIS. Custam layers with detailed spectral data can be created in
Optice and imparted into the *Window Library.

Figure 9-21. Select the record to copy an existing record to make a new entry, and click the Copy button.
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9. Glass Library

9.9. Creating a User-Defined Glass Layer

= This will create a record where the fields are not protected, and can be edited. All the values from the
copied record will be created, except:

o Source: Will be set to “User”

o Type: Will be set to “Unknown” (shown in the Glass Library Detail View)

File Edit Libraries Record Tools View Help
= Blojen: O#7@aAV% ¢
Glass Library (C:'\Users"Public’LBNL*\WINDOWS. 1w mdhb)
Detailed View
Cale ] Mame Product Name Manufacturer Source  |Mode| Color
New
29102 Extra Clear pvb 1.14 Bxtra Clear pvb 1.14mm  Gutmann PYB F IGDB «101.0 #
Copy 29103 Extra Clear pvb 1.52 Extra Clear pvb 1.52mm  Gutmann PVB F IGDB v101.0 #
29110 LYEB3.LNG LYE 83_3.2 LUOYANG NOF IGDB v101.0
Find 30035 BROMNZE_G.DAT | Generic Bronze Glass Generic User
D w
7

all the fields except for the Source, which will be set to “User”.

The new record that was copied from BRONZE_6.DAT has identical data in 7

Figure 9-22. The new record will have the same values for all the fields as the record it was copied from, except that Source = User.
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9.9. Creating a User-Defined Glass Layer 9. Glass Library

= C(Click on the Detailed View button to edit the glazing layer information as needed, including the Name.

= Save the record using the Save button.

File Edit Libraries Record Tools View Help

E L @ EE|u « » v BE[E]® N
Glass Library
= ID# 30035 Thickness: 5740 mm

Optics 5
Mame: BROMNZE_&.DAT
MNew )
Product Name:  Generic Bronze Glass
Copy Manufacturer:  Generic
Delete
Type: Unknown e
Save Edit the fields in the new record with
Conductivity ~ 1.000  w/mK the desired optical properties.
Salar

Trans, Front 0.4986

il ~ Notice that Type is set to “Unknown”.
Trans, Badk (TsolZ): 0,435

Reflect., Front (Rsol1): 0,053 Keep in mind that because this is a
Reflect., Back (Rsol2):  0.053 user defined record made in
- WINDOW, it will not have the detailed
Visible R
Trans, Front (Tvis): 0,533 spectal data that would be available

from a layer imported from the IGDB
or created in the Optics program and
imported into this library.

Trans, Badk (TvisZ):  0.533
Reflect., Front (Rvis1):  0.058
Reflect., Back (RvisZ):  0.058

IR
Trans (Tir):  0.000

Emis., Front (Emis1)  0.840
Emis., Back (EmisZ)  0.840

Color: |:|

[ Diffusing

Spectral data

Figure 9-23. In the Detail View, the values for the copied record can be edited as needed.
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10. Gap Library

10.1. Overview

The Gap Library is used to define gas and gap records that can be used when defining a glazing system in the
Glazing System Library. The gap library can be used to define single pure gases, as well as gas mixures, and
vacuum. The database that is installed with WINDOW has a standard set of default gaps for pure gases that
are protected from editing.

10.2. Gap Library List View
The List View shows all the records in the Gap Library.

File Edit Libraries PBRecord Tools Wiew Help
= Boaleln: O#7apV%
Gap Library (C:\Users'Public\LBML\WINDOW8.1w8 mdb)
Detailed View
Calc D Mame Type | Conductivity Viscosity Cp Density Prandtl | Conductance Commint
New Wim-K kg/m= Jikg-K kg/m3 Wim2-K
- X B L2 M
= 2 ure  0.016349 0000021 521928528 1782282 (06704
3 Krypton Pue (0003684 0000023 243090698 3738740 06717
Find 4 Xenon Pure  0.005160 0000021 158339706 5857955 (6542
D v §  Air{5%)/ Argon (35%) Mix Mix 0.016704 0.000021 | 539729126 1757792  0.6731
7 Air{12%)/ Argon (22%) / Kiypton (667 Mix 0.011430 0000023 @ 322703308 301477 0.6403
8  Ar(5%)/ Krypton (35%) Mix M 0.009197 0000023 261636230 3616428 06640
Advanced.. g Air (10%) / Argon (30°%) Mix Mx 0017063 0000021  558.032715 1733303  0.6758
22 records found. 100 Air-EN673 Pure  0.024169 0.000017 1002000000  1.292498  0.7138
Jmport 101  Argon - ENE73 Pure 0016345 0000021  519.000000 1782282  (06R74
102  Krypton - ENG73 Pure  0.008707 0.000023 245000000 3.738740  0.6557
Export 103 Xenon - ENGT3 Pure 0005119 0000022 161.000000 5857955 06771
Report 104 Air{5%) / Argon (35%) Mix - ENE73 | Mix 0.016705 0.000021 536977966 1757792  0.6700
Prirt 105  Air {12%) / Argon (22%) / Kiypton (669 Mix 0.011531 0000023  319.8%028% 3014770 06291
106 Air (5%) / Kiypton (35%) Mix - ENET3 | Mix 0.009237 0.000023 258634674 3616423 06489
107  Air (10%) / Argon (30%) Mix - EN673 | Mix 0.017068 0000021 555463989 1733303 (06726
200 Co2 Pue  0.014567 0.000014 827734131 1963508  0.7308
201 M2 Pure  0.023969 0000017 1040794678 1250113 07207
202 SFB Pure  0.013000 0.000014 418600006 6518257 04567
203 Helium Pure 0146171 0000019 5197000000 0178460  06R45
204 Neon Pue  0.045416 0.000025 1030000000 0900331  0.6662
205 Octofluorpropane Pure  0.010635 0000011 762015320 8338474 0.8140

Figure 10-1. Gap Library, List View.
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10.2. Gap Library List View 10. Gap Library

10.2.1. Buttons

The buttons on the left hand side of the List View have the following functions:

Detailed View
Calc

New

Copy

Delete

Find

Import

Used to access the detailed view of the record, where the input values can be edited.
Not used in the Gap Library. Grayed out.
Used to make a new record, based on a default record.

Used to copy an existing record (including name and all associated input values)
into a new record.

Used to delete the highlighted record(s). The program allows deleting even
protected records, which have a gray background.

Used to find a record based on the field selected from the pulldown list, and a value
typed into the input box.

Advanced: Used to access a more advanced method of searching the list

Find X
Find what |

| Match rtine ead tead Dunection Cancel
7] Match case LiLp 'ﬂ DC'““

Used to import records from various sources.

Import >

Format  WINDOW Database ™

{Browse |

Import source  C:Ysers\Public\ L BNLYWINDOWS. 1\Sample ¥

] Avoid creating duplicate records in export database by searching
for identical records

oK Cancel

Format: Select from one of the following database formats

=  WINDOW database: Import from another WINDOW database

Import Database: If the format is set to “WINDOW database” this option appears,
allowing the user to select the desired WINDOW database to import records from.

Avoid Creating Duplicate records ... : A checkbox, which when checked, will cause
the program to ask for new IDs if the IDs of the imported records conflict with
existing records in the Library.

10-2
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10. Gap Library

10.2. Gap Library List View

Export

Report

Used to export records from this database into either an existing WINDOW

database, or a new WINDOW database.

Export

Export
© Selected record(s)
) Al records
Format WINDOW Database

BEpot C:\Users\Pubic\LBNL\THERMS.1\Samples* Browse

Avod creating dupiicate records in expont database by searching
for identical records

OK Cancel

New

Export: Radio buttons that allow export of selected (highlighted in the List) or all

records

Format: The export format options are

=  WINDOW database: This option causes an Export field to be displayed which
allows Browsing to an existing database to export the records into, or a New

database to export the records into.

®* Comma separated value (CSV): Selecting this option and clicking the OK button
opens a Save As window which allows the user to specify the name of the CSV

file and the directory location.

Avoid Creating Duplicate records ... : A checkbox, which when checked, will cause
the program to ask for new IDs if the IDs of the imported records conflict with

existing records in the Library.

Allows creating a report containing a list of the records in the Glass Library.

Report *

Rapodt type:  Lbrary List

Generate repod for:
() Selected necordis)
D Al records

Teud file apticons
[ W chefansk cokumn widths
[ Wrap cobumns

uPn-.v-ew

oK | Canced

Report Type: There is only one option, which is a Library List

Generate report for: Radio buttons which specify whether the report will contain
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10.2. Gap Library List View 10. Gap Library

Print

only the selected (highlighted) records or all the records in the Library
Text file options:

= Use default column widths: this option causes long names to be truncated

®  Wrap columns: this option allows long names to be wrapped to another line or
lines

Preview: check this box shows a preview of the report before it is saved or printed

Save | Frint Close
[ID Hame Type Conductivity Vi=zco=ity Cp
Btush-ft-F lbrft-= Btu-1b-F

1 Air Pure 0.013907 0.ooo0ll 0. 240304

2 Argon Pure 0.009444 0.o0o014 0.124660

3 Erypton Pure 0.005006 0.000015 0.059255

i Henon Pure 0.002981 0.000014 0.037819

A Air (5%) ~ Argon (95 Mix 0009651 0.ooo014d 0125912
XY Mim

7 Air (12%) » Argon (2 Hix 0. 0066349 0.00o01s 0.077076
2%) ~ Krvpton (66X)

a Air (5%) ~ Krypton ( Mix 0.005310 0.000015 0.062491
955 Mix

9 Air (10%) » Argon (9 Mix 0.0093549 0.o0o014 0.133284
0x) Mix

Used to print a report which contains a list of all the records in the library.

10.2.2. Column Headings

The List view contains columns with selected results (from the Detail view) for each record, as described

below.
ID The unique ID associated with each record.
Name The name of the gap record.
Type This field indicates one of two gap types:
®  Pure: a pure gas
®  Mix: a mixture of gasses
Conductivity ~ Conductivity of the gas defined for this gap. Units: W/m-K (SI); Btu/h-ft-°F (IP)
Viscosity Viscosity of the gas defined for this gap. Units: kg/m-s (SI); Ib/ft-s (IP)
Cp Specific heat of the gas defined for this gap. Units: J/kg-°K (SI); Btu/1b-°F (IP)
Density Density of the gas defined for this gap. Units: kg/m3 (SI); Ib/{t3 (IP)
Prandtl Prandtl number of the gas defined for this gap. Unitless.
Conductance Conductance of layer. Units: W/m?-K (SI); Btu/h-ft>-°F (IP)
Comment Comment that can be entered by the user.
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10. Gap Library

10.3. Gap Library Detail View

10.3. Gap Library Detail View
The Detail View shows details of individual gasses in the Gap Library. WINDOW is shipped with several

“protected” gas records, but it is also possible to create user defined records.

Gap Library
D#: 1

Mame: Air

Gas Mixture
Maolecular Weight: 28.970

Spedific heat ratio: 1.400
Conductivity Coeffidents
A 0.00287300 W/ m-K
B 0.00007750 W/m-K2
C 0.00000000 W/m-3
Viscosity Coefficents
A 000000372 kgjm-=s
B 0.00000005 kg/m-=s+
€ 0.00000000 kg/m-s+2
Specific Heat Coefficients
A 1002.7369995 1kgK
B 0.01232400 JjkgK2
C 0.00000000 kg3

Comment:

Pressure:  101325.00 Pa

Properties at 5TP
Conductance  0.024069 W m2+K
Viscosity  0.000017 kgfm-s
Spedfic Heat m JfkgK
Density  1.292498 kg/m3
Prandt 0.7197

Property Calculator

Protected

Figure 10-2. Gap Library, Detail View for a single gas protected (default) record.
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10.3. Gap Library Detail View 10. Gap Library

The following describes the fields for the records in the Gap Library.

10.3.1. Buttons

The buttons on the left hand side of the List View have the following functions:

List
New

Copy

Delete

Save

Used to access the List view of the library.
Used to make a new record, based on a default record.

Used to copy an existing record (including name and all associated input values)
into a new record.

Used to delete the highlighted record(s). The program allows deleting even
protected records, which have a gray background.

Used to save the changes made to a record that is not protected.

10.3.2. Field Descriptions

General Information

The upper section of the Gap Library Detail view contains basic information about the gap. There are
two checkboxes, both of which change the input values on the rest of the Gap Library Detail view
(see detailed descriptions in the following sections):

Gas Mixture: Check this box to define a gap with more than one gas in it

ID

Name

Gas Mixture

Gap Library
ID# 1
Name: Air
Gas Mixture
Molecular Weight: 28.970 Pressure;  101325.00 Pa
Spedific heat ratio: 1.400

Unique ID number associated with each gap record. The ID is automatically assigned
when a record is added in the List View, but can be changed by the user at that time
as long as the ID is unique.

The name of the gap layer. The name is input by the user for user-created records.

A checkbox to indicate if the record defines a single pure gas (unchecked) or a gas
mixture (checked).

If the Gas Mixture box is checked, the screen changes. Add and Delete buttons
appear and a small table showing the list of gasses is displayed. The Pressure value
also disappears for gas mixtures.
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10. Gap Library

10.3. Gap Library Detail View

Gap Library
ID#: B

MName: Air (5%) / Argon (95%%) Mix

B Gas Mixture Add Delete

Molecular Weight: 39,395

ID | Name Percent Properties at STP
iGap 1 1 Air 50% | Conductance W/m2+
Gap 2 2 Argon 95.0%

Viscosity  0.000021 kgjm-s

Spedfic Heat

Density
Prandt

539.7291 JfkgK

1757792 kafm3

0.6731

Property Calculator

Add: Click this button to add another gas to the mixture definition. A dialog box
appears which allows selection of a pure gas and input of the percentage of that gas
for this gas mixture

Gas Miocture =

Gastosdd  Hrypton

Misture
Percertage

0

oK | Cancel

Delete: Highlight the row in the gas mixture list and click the Delete button to delete
that row

As more gases are added to the mixture, the gas mixture list is updated

10| Mame Percent
Gap 1 1 Air 12.0%
Gap 2 2 Argon 22.0%
Gap 3 3 Ermpton BE.0%

After a row in the gas mixture list has been added, the Percent value can be changed
in the table by double clicking on the percentage value, typing a new value, and
pressing the Enter key.

Adding new gases to the mixture, or changing their percentage, will cause the
program to automatically recalculate the values in the Properties at STP box.
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10.3. Gap Library Detail View

10. Gap Library

Molecular
Weight

Pressure

Properties at STF
Conductivity 0.024063 W /Am-K
Vigcogity 0.000017  kglm-s
Specific Heat 10061032 J/kgK
Density 1292438 ka/m3
Prandtl 0.7197

| Property Calculator

Molecular weight of the gas

Pressure of the gas. Units: Pa (SI); psi (IP)

Conductivity Coefficients

The conductivity calculation is based on the following formula from ISO 15099:

Cond=A + B*T + C*I2

Where T = Temperature in degrees Kelvin

WINDOW has input values for each of the coefficients in that formula:

A

Coefficient A for Conductivity from ISO 15099
Units: W/m-K (SI); Btu/h-ft-°F (IP)

Coefficient B for Conductivity from ISO 15099
Units: W/m-K?2 (SI); Btu/h-ft-°F2 (IP)

Coefficient C for Conductivity from ISO 15099
Units: W/m-K3 (SI); Btu/h-ft-°F3 (IP)

Viscosity Coefficients

The viscosity calculation is based on the following formula from ISO 15099:

Viscosity = A + B*T + C*T?

Where T = Temperature in degrees Kelvin

WINDOW has input values for each of the coefficients in that formula:

A

Coefficient A for Viscosity from ISO 15099
Units: g/me-s (SI); Ib-s/ft? (IP)

Coefficient B for Viscosity from ISO 15099
Units: g/m-s-K; (SI); Ib-s/ft2-°F (IP)

Coefficient C for Viscosity from ISO 15099

10-8
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10. Gap Library 10.3. Gap Library Detail View

Units: g/m-s-K2; (SI); Ib-s/{t2-°F2 (IP)
Specific Heat Coefficients
The specific heat calculation is based on the following formula from ISO 15099:
Specific Heat = A + B*T + C*T2
Where T = Temperature in degrees Kelvin
WINDOW has input values for each of the coefficients in that formula:

A Coefficient A for Specific Heat from ISO 15099
Units: Kj/kg-K (SI); Btu/1b-°F (IP)

B Coefficient B for Specific Heat from ISO 15099
Units: Kj/kg-K2 (SI); Btu/1b-°F2 (IP)

C Coefficient C for Specific Heat from ISO 15099
Units: Kj/kg-K3 (SI); Btu/Ib-°F3 (IP)

Properties at STP
Gas properties at Standard Temperature and Pressure. Temperature = 0 C, Pressure = 101.3 kPa

Conductivity ~ Conductivity of the gas, based on the Conductivity Coefficients and formula above.
Units: W/m-K (SI); Btu/h-ft-°F (IP)

Viscosity Viscosity of the gas, based on the Viscosity Coefficients and formula above. Units:
g/m-s (SI); 1b-s/ft2 (IP)

Specific Heat  Specific heat of the gas, based on the Specific Heat Coefficients and formula above.
Units: kJ/kg-K (SI); Btu/1b-°F (IP)

Density Density of the gas. Units: kg/m?3 (SI); 1b-ft3 (IP)

Prandil Pra.ndtl number (ratio of momentum diffusivity to thermal diffusivity) of the gas.
Unitless

Property Clicking this button allows calculation of the Gas properties at values other than

Calculator standard temperature and pressure. Property calculator for values at different

button pressures and temperatures other than the standard values.

After clicking this button, a new dialog box appears, which allows input of a
Temperature and Pressure.
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10.4. Gap Mixtures

10. Gap Library

10.4. Gap Mixtures

Properties at STP
Conductance
Viscosity
Spedfic Heat
Density
Prandtl

0.016704 Wjm2X
0.000021 kgjm-s
539.7291; JkgK

__Property Calulator |

Gas Property Calculator X
Temperature 000000 C
Pressure  101.00000 kPa
Conductivity 0.017 W/mK
Viscosty 0.000 kg/ms
Specfic Heat 539729 JAkgK
Densty 18 kg/m3
Prandd 0673
_Cose ]

To create a record that has a mixture of gasses, follow these steps:

* Make a new record by using the Copy or New button (either a single gas record or a mixture).

* Double click on the newly created record, or highlight it and click on the Detailed View button, to access

the Detailed View

*  Click on the Mixture checkbox if the gas is not already a mixture.

*  Click on the Add button to add a new gas and the Gas Mixture dialog box will be displayed. Select the
gas from the pulldown list and type in the gas percentage. A new line will appear in the gas mixtures

section.

*  Use the Add and/or Delete buttons create the desired gas mixture.
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10. Gap Library

10.4. Gap Mixtures

 Wa.1 - Gap Library (C\Users\Public\LENL\WINDOWS. 1\w8.mdb)
File Edit Libraries Record Tools Wiew Help
= = Z @ b s
Step 1: e Baleli O#7@aAV% %
Make a new record using Gap Library (C:\Users\Public’LBNL\WWINDOW2.7"w8 mdb)
. Detailed View
either the Copy button to
copy an existing record Cale n] MName Type | Conductivity Viscosity Cp
or then New button to . Wik ko ek
create a new record / i = m e J
1 Ar Pure 0.024D65 0.000D17  1DD6.103271
based on a default 4» Copy
record 2 Amgon Pure 0.016345 0.000021 521.928528
. Delete 3 Kiypton Pure 0.008664 0.000023 243 050658
In this example, record e s
. . 8] ure
ID 1, Air, was copied to a Find 4 Air (5%) / Argon (35%) M i DIITIED | DO | AR
; (5%, (95%, = ! 7
new record with ID 10 D ~ 6 .I': ! on | > ix . II 0.016704 0.000021 539.729126
7 Air(12%) / Argon (22°%) / Kiypton (667 Mix 0011450 0000023 322703308
S g Air (5%)/ Kypton (357%) Mix M 0003191 0000023 261.636230
\"“% 9 Air(10%)/ Argon (30%) Mix Mx 0017063  0.000021  588.032715
23 records found.
Step 2: et Gap Library
Go to the Detailed View > ID# 10
of the newly created Mew :
Mame: ¥enon Mix
record. Copy
Add Delete
Dele
Molecular Weight: 28.9
5
Step 3: Sehis
Change the /
name of the few ID | Name Perces Properties at STP
record. Conductance Wim2-K
Viscosity  0.000017 kgfm-s
Step 4: SpedficHeat  1008.103. JjkgH

Click the Gas Mixture box so
that a checkmark appears.

/|

Density
Prandt

Property Calculator

1292498 kgjm3
0.7197

\
Step 5: Click the Add Button, and the Gas Mixtures dialog box appears.

\
Gap Library & |
Gas Midture *
ID#: 10
Mame: Xenon Mix Gasto add Xenon =
B Gas Mixture Add Delete Mixtuire 50 a
Percentage L
Malecular Weight: 65.650
ancel
ID | N Percent
Step 7: e e £ EsatsTe Step 6:
.= i :
A new line will appear el I 200 Conductance  0.005160 W/m2-K Select the gas tém the
with the added gas. Viscosity  0.000021 kgfm-s pulldown and type in the
Continue to add gases SpecificHeat  158.33970 JfkgK mixture percentage, then click
as necessary. Density 2.928977 kg/m3 the OK button.
Prandd 0.6542
[ Property Calculator |

Figure 10-3. Steps to create a new gap that contains a gas mixture.
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10.5. Vacuum Cavities 10. Gap Library

10.5. Vacuum Cavities

WINDOW can model glazing systems with evacuated cavities, referred to as “vacuum glazing systems”. The
first step in modeling this product is to define a record in the VIG Gap Library that represents the support
pillars that exist in the evacuated cavity in the glazing system. That VIG Gap record can be used when
creating the vacuum glazing system (in the Glazing System Library) rather than a standard gap layer, and
WINDOW will calculate the thermal characteristics of the glazing system with that VIG Gap definition for the
space between the two glass layers.

The VIG Gap Library is discussed in Section 17 of this document.
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11. Frame Library

11.1. Frame Library

The Frame Library consists of frame elements (such as headers, jambs, sills, and meeting rails) and their
associated frame and edge-of-glass properties for use in constructing a whole product in the Window

Library.

11.2. Frame Library list View
The Frame Library List View shows all the records in the library.

Frame Library (C:\Users\Public\LEML\WIMNDOW 8. 1w 8.mdb)
Detailed View
Update Frame Edge Edae Glazing
P D Mame Source | Type Uvaie Uvahie | Gomelzion | Thickness Pfd Abs  |Color|  Last Updated
New Wim2K | Wim2K
i , N m- 21751008 1019
{a]
=% 2 Afush ASHRAE. N/A 3.970 Class1 NA 572 20261008 10:19
Delste 3 Wood ASHRAE N/A 2270 N/A  Class] na a8 o090 [ 20261008 10419
Find 4 Vil ASHRAE N/A 1700 N/A  Classi na o 638 090 [ 20251008 1019
ID v 5  sampleeadthmz Them Head 2024 2344 N/ 259 423 030 [ 20261009 15:10
6 samplefamb thmz Them  Jamb 1543 2359 N/A 253 423 030 [ 20261009 15:10
7 samplesil thmz Them Sl 2018 2340 N/A 253 4235 030 [ 2026-1008 15:13
Advanced...
7 records found.
Import
Export
Report
Brint

Figure 11-1. Frame Library, List View.
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11.2. Frame Library list View 11. Frame Library

11.2.1. Buttons

The buttons on the left hand side of the List View have the following functions:

Detailed View

Update

New

Copy

Delete

Find

Advanced
Import

Export

Report

Print

Displays the detailed view of the record, where the input values can be edited.
Clicking this button is the equivalent to re-importing the THERM file. It is a quick
way to have WINDOW reimport the file if something has changed. The Last
Updated field will also be changed to the date and time when the Update button was
clicked. In the List View, multiple records can be selected when using the Update
button, and the selected records will all have the THERM file reimported.

Used to make a new record, based on a default record.

Used to copy an existing record (including name and all associated input values) into
a new record.

Used to delete the highlighted record(s).

Used to find a record based on the field selected from the pulldown list, and a value
typed into the input box.

Used to access a more advanced method of searching the list
Used to import THERM files into the Frame Library.

Used to create a comma-separated text file of library records, which can be imported
into a spreadsheet or database program.

Currently disabled.

Used to print a report which contains a list of all the records in the library.

11.2.2. Importing THERM files

The THERM program is used to generate frame (and divider) profiles which can then be imported into the
WINDOWS Frame Library, and then referenced in the Window Library.

There are two different methods for importing a THERM file into the Frame Library:

=  From the Frame Library List View, use the Import button to select a THERM file.

*  From the Frame Library Detail View, use the Browse button to select a THERM file to be associated with
the current frame record.

11-2
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11. Frame Library

11.2. Frame Library list View

File  Edit

Libraries

Record

ST IR I EE

Tools View Help

4 4 »r b

B

R

¢l [O#7@aAV% ?

Frame Library (C:\Users'Public \LBNLYWINDOWSE. 1w 8 mdb)

4 records found.

Import ——_ Step 1:

Detailed View
Undate Frame Edge Edge Glazing
° - T e Uvalue Uvalue | Comelation | Thickness | 1 el
New Wim2K | W/mz2-K mm mm
. 1 Awiresk ASHRAE N/A 5680  N/A  Classt NA 572 090
= 2 Alfiush ASHRAE N/A 3970 N/A  Classt nva o 572 090 [
3 Wood ASHRAE N/A 220 WA Classt nva s o0 [l
D v
Advanced...

Import

Format  Therm file

/V

Export Click on the Import button.
Report
: Step 2: (] Avoid creating duplicate records in export database by searching
Bt Set Format to Therm file. for identical records
Step 3: Cancel
Select one or more THERM files from the
oPen dla|0g box. This PC » Local Disk (C:) » Users » Public » LENL » WINDOWS2.1 » Samples
\Nlme - Date modified Type Size
| D sample-head.thmz 10/14/2025 3:12 PM THMZ File 78 KB|
|[) sample-jamb.thmz 8/12/2025 10:00 AM THMZ File 34 k8|
Adding a record.. | [ sample-sill.thmz 8/12/2025 10:00 AM THMZ File 80 KB|
C:'Users\Public\LBMLYWINDOWS. 1\Samp _DK
les\sample-head. thmz Step 4:
Cancel WINDOW will automatically assign an ID
4'/" for the new record (or you can type in
Dfornew 8 the ID, as long as the number is unique).
Auto increment ID for multiple records | File  Edit  Libraries PRecord Tools View Help
Overwrite existing records oMl & EBR|E § 4 4 » » | B $ I i @# @A N TG
Frame Library (C:\Users\Publict LENL\WINDOW3. 1'w8.mdb)
Detailed View
Undate Frame Edge
Step 5: P o] MName Source | Type Uvalue Uvalue
WINDOW will create a new - ST e
record, with the Name field set to c D U
- = Alflush
the THERM filename. & ASHRAE NAA 3.570 N/A
\ Delete 3 Wood ASHRAE N/A 2270 N/A
Find 4 Vinyl ASHRAE. N/A 1.700 N/A
1D w [TM 5  samplehead thmz Them  Head 2095 2337
6  samplejamb thmz Them  Jamb 2010 2339
7  sample-sil thmz Therm il 2018 2335
Advanced. ..
Figure 11-2. Use the Import button to create Frame Library records from THERM files.
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11.2. Frame Library list View

11. Frame Library

In order to make change to the newly imported THERM file, click on the Detailed View button and change

the input values as needed.

Note: In order for the CI (Condensation Index) values to be imported from the THERM file into the WINDOW Frame
Library, it is necessary to check the “Save Simulation Results in THM files” in the THERM program under the

Options/Preerences menu, the Simulation tab.

File Edit Libraries Record Tools View Help
w4 ER S EE eNl: [O#7aaY% ?
Frame Library {C:\Users'Public\LBNL"WINDOWS. 1w 8 mdb)
Detailed Vie
Update Frame Edge Edge Glazing
: ID Name Source Type Uvalue Uvalue | Comelation | Thickness Ptd Abs | Calor
New Wem2-K | Wem2-K mm mm
= 1 Alw/break ASHRAE. NAA 5.680 MN/A Class1 MNAA 57.2 0.90
(8]
S 2\ Alflush ASHRAE. N/A 3.970 MN/A Class1 MNAA 572 0.90
Delete 3 ood ASHRAE. NAA 2270 N/A Class1 NAA 65.8 0.90
Find 4 W ASHRAE. N/A 1.700 ClassT
6  samplejamixthmz Thermm  Jamb 2010 2335 429 0.30
7 sample-sill thm Them Sl 208 2335 NAA 255 429 0.30
Advanced... —
7 records found.
Export Frame Library
List
Repart ID #: 3 Last Updated: 2025-10-09 14:08
Therm
Prirtt MName:  sample-head.thmz
Mew
Source:  Therm w | Type: Head ~
Upda . .
Filename: |, \samples'sample-head. thmz Browse
Step 5: £opy U-VALUES
T.O edit the newl\( cr.eated Frame Delete Frame: 2.024318  Wjm2K
lerary record, hlghlfght the record Edge Correlation:
and either double click, or click on Save S
the Detailed View button. geofGlass:  2.343550  wijm2K
Step 6: GLAZING SYSTEM
Edit the Name, Material Abs or Name:
Color fields, or reference another width: 25933 mm
THERM file if necessary using the Center of Glass U-value:  1.934686  Wjm24
Browse button. -
FRAME
WINDOW keeps the paths for the d Frame Dimension: 42,875  mm
TH ERM files, §o the files must be Material Abs:  0.300000
in lthelse. locations for: the Color:
calculations to use t <.eTI.-|FRM et =
data. Rebrowse to afile if it has —
been moved to a different FS
directory on your computer.
Frame and Edge Condensation (based on THERM simulation)
@30%RH | @50%RH | @70%RH | Overal |
Frame 0.002 0.018 0.055 975
Edge 0.008 0.133 0.264 86.5

Figure 11-3. Edit the THERM file frame record if neccessary.
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11. Frame Library

11.2. Frame Library list View

11.2.3. Condensation (CI/CR) Calculation

WINDOW includes a feature which calculatea whole product Condensation, either Condensation Resistance
(CR) or Condensation Index (Cl), depending on the THERM file simulation settings. This process involves
importing surface temperatures from THERM for each frame cross-section.

The Condensation values from the THERM files are shown in WINDOW in the Frame and Edge

Condensation section of the Frame Library Detailed View.

Results from the THERM file
are used for the WINDOW
whole product Condensation
calculation.

Frame Library

List
ID #: 8 Last Updated: 2026-10-09 14:08
Therm
MName: sample-head. thmz
Mew
Source:  Therm ~  Type: Head 3
Update . N
Filename: |, \samples'sample-head. thmz Browse
Copy LI-VALUES
Delete Frame: 2.024318 W/m2K
Edge C lation:
Save ge Correlation
Edge of Glass:  2,343550  wjm2K
GLAZING 5YSTEM
MName:
Width: 25933 mm
Center of Glass U-value:  1,934666  W/m24K
FRAME
Projected Frame Dimension: 42.875  mm
Material Abs:  0.300000
Color: [N
mm

Wetted 56.743

Comment:

»  Frame and Edge Condensation {(based on THERM simulation)

@30%RH | @50%RH | @70%RH | Overall

Frame 0.002 0.018
Edge 0.008 0133

0.055 975
0.264 865

Figure 11-4. The Condensation section shows the values from the THERM file.
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11.3. Frame Library Detail View

11. Frame Library

11.3. Frame Library Detail View

The Frame Library Detail View shows all the data for an individual record. An image of the THERM file is

also displayed to the right.

Frame Library

Comment:

Center of Glass U-value:

FRAME
Projected Frame Dimension:
Material Abs:
Color:
Wetted

ID #: 7 Last Updated: 2025-10-08 13:29
Name: sample-sill. thmz
MNew
Source:  Therm ~ | Type: Sil ~
Update )
Filename: ,\Samples'sample-sill. thmz Browse
Copy U-VALUES
Delete Frame: 2017913 W m2K
Save Edge Correlation:
Edge of Glass:  2,339591  wjm2K
GLAZING 5YSTEM
Mame: Sample GlzSys
Width: 25,933 mm

1934665  W/mZ-K

42.875 mm
0.300000
(|

56.333 mm

Frame and Edge Condensation (based on THERM simulation)
@30%RH | @50%RH | @70%RH | Overal |

Frame 0.003
Edge 0.028

Protected

0.024 0.063 57.0
0.201 0.322 816

*These condensation numbers are based on Te and Ti as defined

Figure 11-5. Frame Library, Detail View.
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11. Frame Library 11.3. Frame Library Detail View

The properties defined for each frame entry are listed below:

ID # The unique ID associated with this record. Default: WINDOW automatically assigns
this number when creating a new record. When making a new record in the List
View, it is possible to change the ID number as long as it is unique.

Last Updated ~ The date and time the file was last imported.

Name The name of the frame record. Default: for imported THERM files, WINDOW
automatically sets the name field to the name of the THERM file. In any case, this
name is editable by the user.

Source The source of the frame information, from the following list:

®  Generic: The Generic choice is used when not importing a THERM file. When
this selection is made, the Edge Correlation pulldown becomes enabled.

= ASHRAE/LBL: The ASHRAE/LBNL choice is used for the five protected records
that are shipped with WINDOW for consistency with previous versions of the
program. They are based on the Edge Correlation methodology.

= THERM: The THERM choice is automatically set by WINDOW when a THERM
file is imported into the Frame Library from the List View. This setting will cause
the Edge Correlation pulldown to become disabled.

®= THERM CMA: Use to create file for the NFRC CMA procedure.

Type The type of cross section of the THERM file, based on the Cross Section Type value
specified in the Properties dialog box (accessed from the File/Properties menu) in
the THERM program.

Head w
il
Jamhb

Haorizontal Divider
Huorizontal Meeting Ruail
Vertical Divider
Vertical Meeting Rail

= Gill
" Jamb
" Head

® Horizonal Divider

® Horiztonal Meeting Rail
®  Vertical Divider

®  Vertical Meeting Rail

Filename The THERM file filename, including the path. Type in the value or use the Browse
button to select it. Default: The complete filename of the THERM file if the Import
button was used from the List View.
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11.3. Frame Library Detail View 11. Frame Library

Browse Button  Use the Browse button to select the THERM file associated with this Frame Library
record.

U-VALUES

Frame U-factor of the frame, either imported from the THERM file or input by the user if
source is “Generic”.

Units: W/m?2-K (SI); Btu/h-ft>-°F (IP)

Edge of Glass ~ U-factor of the edge of glass, either imported from the THERM file or input by the
user if source is “Generic”.

Units: W/m?-K (SI); Btu/h-ft?>-°F (IP)

Edge Edge correlation for frames with Source set to either “Generic” or “ASHRAE/LBL".
Correlation Correlation choices are:

Edge Correlation Spacer

Number Material
1 Aluminum - ASHRAE Metallic
2 Stainless stell; dual seal
3 Butyl/Metal (also Fiberglass, Wood,
Glass Edge)
4 Insulated
5 U-edge = U-center-of-glass
(Used when modeling single
glazing)
GLAZING SYSTEM
Width Width of the glazing system, either from an imported THERM file or input by the

user. Default: if the record is from an imported THERM file, this is the width of the
glazing system from that file.

Units: mm (SI); inches (IP)

Name Name of the Glazing system used in the THERM model.

Center of U-factor of the center-of-glass, either from an imported THERM file or input by the user.

Glass U-value  Default: if the record is from an imported THERM file, this is the U-factor of the glazing
system from that file.

Units: W/m2-K (SI); Btu/h-ft2-oF (IP)
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11. Frame Library

11.3. Frame Library Detail View

FRAME
Width

Material Abs

Color

Comment

Condenstation

Width of frame (projected frame dimension), which is the width of the fram element
in the plane of the glazing. Default: if the record is from an imported THERM file,
the width is the Frame Length which is displayed in the THERM U-factor dialog box
when a file has results.

Units: mm (SI); inches (IP)

Absorptivity of the frame, editable by the user. This value does not come from the
THERM file. Default: 0.300.

Frame color, input by the user. This value does not come from the THERM file. Click
on the color block and a Color dialog box will appear, where the desired color can be
selected.

Comment about the frame, input by the user. Default: blank
Condensation index or resistance of the frame components, if the record was

imported from a THERM file. The Condensation Resistance values are not calculated
in THERM for vertical models, such as Jambs and Vertical Meeting Rails

Frame and Edge Condensation (based on THERM simulation)
@30%RH | @50%RH | @70%RH | Overall
Frame 0.003 0.024 0.063 57.0
Edge 0.028 0.201 0.322 816

Figure 11-6. Condensation details on Frame Library record.

The Condensation values are:

= @30% RH, @50%RH, @70% RH: the S components of the Condensation Index
equation for each of the three relative humidity (RH) points in the NFRC 500:
Procedure for Determining Fenestration Product Condensation Index document
for the Frame and Edge components of the THERM file.

®  Qverall: the overall condensation value calculated from the intermediate
relative humidity values, for the Frame and Edge components of the THERM
file, based on the formula in the the NFRC 500: Procedure for Determining
Fenestration Product Condensation Index document.
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12. Divider Library

12.1. Divider Library

The Divider Library is very similar to the Frame Library. The Divider Library has frame and edge-of-glass
properties, which can be input by the user or imported from THERM files, for use in constructing a whole
product in the Window Library.

12.2. Divider Library List View
The List View shows all the records in the Divider Library.

File Edit Libraries Record Tools View Help
= EE Moell: O# @AV H% ¢
Divider Library (C:\Users'Public\LEML\WINDOWE.1w3.mdb)
Detailed View
Updat Edge Edge Glazing
pdate D MName Source | Type Uvalue Uvalue | Comelation | Thickness Pfd Abs | Color
New Wim2K | W/m2K
s Alum/Divided ASHRAE| N/A N/A N/A |Classt NnA | 159
Com N MMMMNW
2 Butyl/Divided ASHRAE. N/A Class2 159 090 -
Delete 3 Wood/Divided ASHRAE Suspende  N/A N/A  Class3 nva 159 090 [
Find 4 Insul/Divided ASHRAE Suspende  N/A N/A  Classd nva 159 090 [
ID v 5  Aum/Suspended ASHRAE Suspende  N/A N/A  Class5 na 160 030 [l
6  Vinyl/Suspended ASHRAE N/A N/A N/A  Classl nva 160 030 [
7 Dividerthmz Them Vetical D 2081 1880  N/A 5 24 030
Advanced...
7 records found.
Export
Report
Prirt

Figure 12-1. Divider Library, List View.
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12.2. Divider Library List View 12. Divider Library

12.2.1. Buttons

The buttons on the left hand side of the List View have the following functions:

Detailed View

Update

New

Copy

Delete

Find

Advanced
Import

Export

Report

Print

goes to the detailed view of the record, where the input values can be edited.
Clicking this button is the equivalent to re-importing the THERM file. It is a quick
way to have WINDOW reimport the file if something has changed. The Last
Updated field will also be changed to the date and time when the Update button was
clicked.

Used to make a new record, based on a default record.

Used to copy an existing record (including name and all associated input values) into
a new record.

Used to delete the highlighted record(s).

Used to find a record based on the field selected from the pulldown list, and a value
typed into the input box.

Used to access a more advanced method of searching the list
Used to import THERM files into the Divider Library.

Used to create a comma-separated text file of library records, which can be imported
into a spreadsheet or database program.

Currently disabled.

Used to print a report which contains a list of all the records in the library.

12.2.2. Importing THERM Files

The technique for importing THERM files into the Divider Library is the same as for the Frame Library (see
Section 11.2.2, "Importing THERM Files").

There are two different methods for importing a THERM file into the Divider Library:

*  From the Divider Library List View, use the Import button to select a THERM file.

*  From the Divider Library Detail View, use the Browse button to select a THERM file to be associated with
the current frame record.

12-2
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12. Divider Library 12.3. Divider Library Detail View

12.3. Divider Library Detail View

The Detail View shows details of individual dividers in the Divider Library

Divider Library

List

ID £: 7 Last Updated: 2026-09-30 14:09
Therm

Mame: Divider . thmz
MNew

Source:  Therm w Type: Vertical Divider ~
Update .

Filename: ,\Samples'Divider, thmz Browse
Copy U-VALUES
Delete Frame: 2.434783 W/ m2-K

Edge C lation:

Save ge Correlation

Edge of Glass:  2,095921 W/m2K

GLAZING SYSTEM
Mame: Sample GlzSys, Sample GlzSys

width: 26.510  mm

Center of Glass U-value:  1.916523  W/m2K l
FRAME

Projected Frame Dimension: 25400  mm
Material Abs:  0.300000
Color: [

Wetted 25400  mm

Comment:

Frame and Edge Condensation {(based on THERM simulation)
@30%RH | @50%RH | @70%RH | Owveral
Frame 0.000 0.118 0.252 877
Edge 0.000 0.059 0.201 91.3

*These condensation numbers are based on To and Ti as defined

Protected

Figure 12-2. Divider Library, Detail View.

12.3.1. Buttons

The buttons on the left hand side of the Detail View have the following functions:

List Used to access the List view of the library, which shows all the records in the library
Therm Clicking this button will open the current THERM file in THERM.

New Used to make a new record.

Update Clicking this button is the equivalent to re-importing the THERM file. It is a quick way

to have WINDOW reimport the file if something has changed. The Last Updated field
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12.3. Divider Library Detail View 12. Divider Library

will also be changed to the date and time when the Update button was clicked.

Copy Used to copy an existing record (including name and all associated input values) into a
new record.

Delete Used to delete the current record.

Save Used to save the current record.

12.3.2. Field Descriptions

The properties defined for each divider entry are listed below:

ID # The unique ID associated with this record. Default: WINDOW automatically assigns
this number when creating a new record. When making a new record in the List
View, it is possible to change the ID number as long as it is unique.

Name The name of the divider record. Default: for imported THERM files, WINDOW
automatically sets the name field to the name of the THERM file. In any case, this
name is editable by the user.

Source The source of the divider information, from the following list:

® Generic: The Generic choice is used when not importing a THERM file. When
this selection is made, the Edge Correlation pulldown becomes enabled.

= ASHRAE/LBL: The ASHRAE/LBNL choice is used for the protected records
that are shipped with WINDOW for consistency with previous versions of the
program. They are based on the Edge Correlation methodology.

= THERM: The THERM choice is automatically set by WINDOW when a THERM
file is imported into the Divider Library from the List View. This setting will
cause the Edge Correlation pulldown to become disabled.

Type The type of cross section of the THERM file, based on the Cross Section Type value
specified in the Properties dialog box (accessed from the File/Properties menu) in
the THERM program, from the following list:

= Divided: for “true” divided lite dividers

® Suspended: for dividers suspended between the glass layers of the glazing
system

= Head

® Horizontal Divider

= Horizontal Meeting Rail
®  Vertical Divider

®  Vertical Meeting Rail
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12. Divider Library

12.3. Divider Library Detail View

Filename

Browse Button

U-VALUES

Frame

Edge of Glass

Edge
Correlation

GLAZING
SYSTEM

Name

Width

Vertical Divider w
Divided

Suspended

Head

Horizontal Divider

Horizontal Meeting Rail
Vertical Divider
Vertical Meeting Rail

The THERM file filename, including the path. Type in the value or use the Browse
button to select it. Default: The complete filename of the THERM file if the Import
button was used from the List View.

Use the Browse button to select the THERM file associated with this Divider Library
record.

U-factor of the divider, either imported from the THERM file or input by the user if
source is “Generic”.

Units: W/m?-K (SI); Btu/h-ft?>-°F (IP)

U-factor of the edge of glass, either imported from the THERM file or input by the
user if source is “Generic”.

Units: W/m?-K (SI); Btu/h-ft?>-°F (IP)

Edge correlation for dividers with Source set to either “Generic” or “ASHRAE/LBL".
Correlation choices are:

Edge Correlation Spacer Material
Number

Divided Lights:
Aluminum, hollow
Butyl, solid, with aluminum backing
Wood, solid

Insulating material, solid (k=0.012
Btu/hr-ft-°F

Divided Lights:
Aluminum, hollow
6 Vinyl, hollow

B W N,

Name of the glazing system (or systems if there are multiple glazing systems)
associated with the THERM file.

Width of the glazing system, either from an imported THERM file or input by the
user. Default: if the record is from an imported THERM file, this is the width of the

WINDOW 8.1 User Manual
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12.3. Divider Library Detail View

12. Divider Library

Center of
Glass U-value

FRAME
Width

Material Abs

Color

Comment

Condenstation

glazing system from that file.
Units: mm (SI); inches (IP).

U-factor of the center-of-glass, either from an imported THERM file or input by the user.
Default: if the record is from an imported THERM file, this is the U-factor of the glazing
system from that file.

Units: W/m2-K (SI); Btu/h-ft2-oF (IP)

Width of divider (projected dimension), which is the width of the divider element in
the plane of the glazing. Default: if the record is from an imported THERM file, the
width is the Frame Length which is displayed in the THERM U-factor dialog box
when a file has results.

Units: mm (SI); inches (IP).

Absorptivity of the divider, editable by the user. This value does not come from the
THERM file. Default: 0.500.

Frame color, input by the user. This value does not come from the THERM file. Click
on the color block and a Color dialog box will appear, where the desired color can be
selected.

Comment about the divider, input by the user. Default: blank.

Condensation results of the divider components, if the record was imported from a
THERM file. The Condensation values are:

=  @30% RH, @50%RH, @70% RH: the S components of the Condensation
equation for each of the three relative humidity (RH) points for the Frame
and Edge components of the THERM file.

=  QOverall: the overall condensation value calculated from the intermediate
relative humidity values, for the Frame and Edge components of the THERM
file.

Frame and Edge Condensation (hased on THERM simulation)

@30%RH | @50%RH | @70%RH | Overall
Frame 0.000 0.118 0.252 77
Edge 0.000 0.059 0201 2%

*These condensation numbers are based on To and Ti as defined

Figure 12-3. Condensation details on Frame Library record.
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13. Environmental Conditions Library

13.1. Overview

The Environmental Conditions Library contains sets of environmental conditions for the U-factor and Solar
Heat Gain Coefficient (SHGC) calculations. U-factor environmental conditions are typically defined for
winter, night-time conditions while solar heat gain environmental conditions are defined for summer,

daytime conditions.

13.2. Environmental Conditions Library List View

The List View shows all the records in the Environmental Conditions Library.There are three pre-defined,
protected records provided, and it is possible to copy these records and create other (unprotected) records

with any conditions that need to be defined.

File Edit Libraries Record Tools View Help
= EE Ba® N[ |O#7@AVK
Enwironmental Conditions Library (C:%Users \Public*\LBML*WINDOW&.1'w8 mdb)
Detailed View
Ca D N Udactor | Ufactor | SHGC | SHGC | SHGC
ame Tin Tout Tin Tout Solar
New C C C C Wim2
c » NFRC 100-2010
=Py 2 NFRC 100-2010 Winter 210 180 210 180 0
3 NFRC 100-2010 Summer 240 320 240 320 783
Find 4 CEN 200 0.0 25.0 300 500
D w
Advanced...
4 records found.
Import
Export
Report
Brint

Figure 13-1. Environmental Conditions Library, Detail View, Solar Heat Gain Coefficient Outside tab.
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13.2. Environmental Conditions Library List View

13. Environmental Conditions Library

13.2.1. Buttons

The buttons on the left hand side of the List View have the following functions:

Detailed
View

Calc

New

Copy

Delete

Find

Advanced

Import

Export

Report

Print

Goes to the detailed view of the record, where the input values can be edited.

This field is disabled in this library
Used to make a new record, based on a default record.

Used to copy an existing record (including name and all associated input values) into a
new record.

Used to delete the highlighted record(s).

Used to find a record based on the field selected from the pulldown list, and a value
typed into the input box.

Used to access a more advanced method of searching the list

Used to import Environmental Conditions Library records from another WINDOW
database.

Used to create a comma-separated text file of library records, which can be imported
into a spreadsheet or database program.

Generates a simple list of the properties of all the records in the Environmental
Conditions Library.

D Hame U-factor T U-factor T SHGC Tin SHGC Tout SHGC Solar
in out
C C C C Wom2

1 NFRC 100-2010 21.0 -18.0 24.0 3z.0 783

2 NFRC 100-2010 Winter 21.0 -18.0 21.0 -18.0 0

3 HFRC 100-2010 Summer 24.0 3z2.0 24.0 3z.0 783

4 CEN 20.0 0.0 25.0 30.0 g00

Figure 13-2. Environmental Conditions Library List view report

Used to print a report which contains a list of all the records in the library.

13-2

October 2026 WINDOW 8.1 User Manual



13. Environmental Conditions Library

13.3. Environmental Conditions Library Detail View

13.3. Environmental Conditions Library Detail View

The Detail View shows details of individual environmental condition records in the Environmental
Conditions Library. One environmental condition record consists of definitions for all four tabs in the
detailed view, which consists of two tabs for U-factor (Inside and Outside) and two tabs for SHGC (Inside

and Outside).

U-factor Inside tab

The U-factor Inside tab of the Environmental Conditions library is used to define the conditions for the U-

factor calculations for the inside surface of the window.

| Hactor: Inside

Convection

Radiation

Environmental Conditions Library

ID#: 1

Mame: NFRC 100-2010

Ufactor: Outside | SHGC: Inside | SHGC: Outside

Inside Air Temperature 210C

Model: ASHRAE/NFRC Inside

ASHRAE/NFRC

Effective Room Temperature 210 C

Effective Room Emissivity  1.000

Protected

Figure 13-3. Environmental Conditions Library, Detail View, U-factor Inside Tab.
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13.3. Environmental Conditions Library Detail View

13. Environmental Conditions Library

The input values are the following;:

Inside Air Inside air temperature. Units: C (SI); F (IP)

Temperature

Convection ~ The convection model, which controls what other input values appear in this section,
from the following choices:

Convection Inside Air

Model Coeff Velocity Air Direction

ASHRAE/NFRC Outside User Input User input Choices:
Windward
Leeward

ASHRAE/NFRC Inside N/A N/A N/A

Fixed Convection Coefficient User Input N/A N/A

Fixed Combined Coefficient User Input N/A N/A

Yazdanian-Klems N/A N/A N/A

Kimura User Input User input Choices:
Windward
Leeward

Radiation The radiation model, which controls what other input values appear in this section,

and which is dependent on the input for the Convection model:

Effective Room

Temperature Effective Room
Model Units: C (SI); F (IP) Emissivity
ASHRAE/NFRC Outside User Input User input
ASHRAE/NFRC Inside User Input User input
Fixed Convection Coefficient User Input User input
Fixed Combined Coefficient N/A N/A
Yazdanian-Klems User Input User input
Kimura User Input User input
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13. Environmental Conditions Library

13.3. Environmental Conditions Library Detail View

U-factor Outside tab

The U-factor Inside tab of the Environmental Conditions library is used to define the conditions for the U-
factor calculations for the outside surface of the window.

Environmental Conditions Library
ID#: 1

Name: NFRC 100-2010

|Hactor; Inside  U4actor: Outside | SHGC: Inside | SHGC: Outside
Outside Air Temperature -180 C
Convection
Model: ASHRAE/NFRC Outside
Convection Coef.  26.000 W /m2-K
Outside Wind Speed 550 m/=
Wind Direction Windward
Radiation
Effective Sky Temperature -180 C
Effective Sky Emissivity  1.000

Pratected

Figure 13-4. Environmental Conditions Library, Detail View, U-factor Outside Tab.
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13.3. Environmental Conditions Library Detail View 13. Environmental Conditions Library

The input values are the following;:
Outside Air  Outside air temperature. Units: C (SI); F (IP)

Temperature

Convection ~ The convection model, which controls what other input values appear in this section,
from the following choices:

Model Convection Outside Wind Wind Direction
Coeff Speed
ASHRAE/NFRC Outside User Input User input Choices:
Windward
Leeward
ASHRAE/NFRC Inside N/A N/A N/A
Fixed Convection Coefficient User Input N/A N/A
Fixed Combined Coefficient User Input N/A N/A
Yazdanian-Klems N/A N/A N/A
Kimura User Input User input Choices:
Windward
Leeward
Radiation The radiation model, which controls what other input values appear in this section,
and which is dependent on the input for the Convection model:
Model Effective Sky Effective Sky
Temperature Emissivity
Units: C (SI); F (IP)
ASHRAE/NFRC Outside User Input User input
ASHRAE/NFRC Inside User Input User input
Fixed Convection Coefficient User Input User input
Fixed Combined Coefficient N/A N/A
Yazdanian-Klems User Input User input
Kimura User Input User input
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13. Environmental Conditions Library 13.3. Environmental Conditions Library Detail View

SHGC Inside tab

The SHGC (Solar Heat Gain Coefficient) Inside tab of the Environmental Conditions library is used to define
the conditions for the SHGC calculations for the inside surface of the window.

Enwironmental Conditions Library
ID#: 1

Name: MFRC 100-2010

Copy
Delete Li{actor: Inside | Ufactor: Outside  SHGC: Inside | SHGEC: Outside
Save

Inside Air Temperature 240 C

Convection
Model: ASHRAE/NFRC Inside

Radiation

Effective Room Temperature 240C

Effective Room Emissivity  1.000

Protected

Figure 13-5. Environmental Conditions Library, Detail View, Solar Heat Gain Coefficient Inside tab.
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13.3. Environmental Conditions Library Detail View 13. Environmental Conditions Library

The input values are the following;:
Inside Air Inside air temperature. Units: C (SI); F (IP)

Temperature

Convection ~ The convection model, which controls what other input values appear in this section,
from the following choices:

Model Convection Inside Air Air Direction
Coeff Velocity

ASHRAE/NFRC Outside User Input User input Choices:
Windward
Leeward

ASHRAE/NFRC Inside N/A N/A N/A

Fixed Convection Coefficient User Input N/A N/A

Fixed Combined Coefficient User Input N/A N/A

Yazdanian-Klems N/A N/A N/A

Kimura User Input User input Choices:
Windward
Leeward

Radiation The radiation model, which controls what other input values appear in this section,
and which is dependent on the input for the Convection model:
Model Effective Room Effective Room
Temperature Emissivity
Units: C (SI); F (IP)

ASHRAE/NFRC Outside User Input User input

ASHRAE/NFRC Inside User Input User input

Fixed Convection Coefficient User Input User input

Fixed Combined Coefficient N/A N/A

Yazdanian-Klems User Input User input

Kimura User Input User input
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13. Environmental Conditions Library

13.3. Environmental Conditions Library Detail View

SHGC Outside tab

The SHGC (Solar Heat Gain Coefficient) Inside tab of the Environmental Conditions library is used to define
the conditions for the SHGC calculations for the inside surface of the window.

Environmental Conditions Library
ID#: 1

Mame: MFRC 100-2010

UHactor: Inside | Ufactor: Outside | SHGC: Inside  SHGC: Outside

Outside Air Temperature 320 C
Direct Solar Radiation ~ 783.0 W/m2

Convection
Model: ASHRAE/NFRC Outside

Convection Coef.  15.000 W/m2-K
Outside Wind Speed 275 m/ss
Wind Direction Windward

Radiation

Effective Sky Temperature 320 C

Effective Sky Emissivity ~ 1.000

Protected

Figure 13-6. Environmental Conditions Library, Detail View, Solar Heat Gain Coefficient Outside tab.
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13.3. Environmental Conditions Library Detail View

13. Environmental Conditions Library

The input values are the following;:

Outside Air
Temperature

Direct Solar
Radiation

Convection

Radiation

Outside air temperature. Units: C (SI); F (IP)

Solar radiation at 0 degrees incidence (normal incidence).

The convection model, which controls what other input values appear in this section,
from the following choices. The highlighted rows are the default values in WINDOW:

Convection Model Convection Outside Wind Wind Direction
Coeff Speed

ASHRAE/NFRC Outside User Input User input Choices:
Windward
Leeward

ASHRAE/NFRC Inside N/A N/A N/A

Fixed Convection Coefficient User Input N/A N/A

Fixed Combined Coefficient User Input N/A N/A

Yazdanian-Klems N/A N/A N/A

Kimura User Input User input Choices:
Windward
Leeward

The radiation model, which controls what other input values appear in this section,
and which is dependent on the input for the Convection model:

Convection Model Effective Sky Effective Sky
Temperature Emissivity
Units: C (SI); F (IP)
ASHRAE/NFRC Outside User Input User input
ASHRAE/NFRC Inside User Input User input
Fixed Convection Coefficient User Input User input
Fixed Combined Coefficient N/A N/A
Yazdanian-Klems User Input User input
Kimura User Input User input
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14. Shade Material Library

14.1. Overview

The Shade Material Library contains the optical and thermal properties for shading layer materials, which
are then referenced from the Shading Layer Library for some shading layers. The shade types which use the
Shade Material Library are:

Slat shades: Defines the properties of the slat material (for Venetian blinds and horizontal slat blinds)

Cellular shades: Defines the properties of the cellular shade fabric used in the THERM file

Pleated shades: Defines the properties of the pleated shade fabric used in the THERM file

Louvered Shutters: Defines the properties of the material used used in the THERM file

Roller shades (some): Defines the properties of the roller shade fabric if it is a homogeneous diffusing

material

Solar screens: Defines the properties of the solar screen material

The optical properties in this library are based on spectral data measured in a spectrophotometer. The values

in the Shade Material Detailed View are spectrally averaged properties calculated by the program, in the

same manner as glass layers with spectral data.

14.2. Shade Material Library List View

The Shade Material Library List View shows the records in the library.

File Edit Libraries Record Tools Wiew Help
= E = Baell: O#7[@AYV% 2
Shade Material Library (C:\Users\Public*LENLYWINDOWE.1w8.mdb)
Detailed View
£ D Name ProductName Manufacturer | Source | Version |Mode| Calor
New
31022 CS05_whitefront e Classic RD Snow, CS05, white Levolor CGDE 2o @
Copy 31023 CS05_glueline bt Classic RD Snow, CS05, glugline  Levolor CGDB 200 @ =
Delete 31024 CS04_whitefabric b Accordia Des. Col. LF Snow, 1247 Levalor CGDB 20 @
Find 31025 CS04_glueline tx Accordia Des. Col. LF Snow, 1247 Levolor CGDB 20m @
D w 31026 CS03_White b Acc. Des. Col. LF Snow, 1947015 Levolor CGDB 2 @
11027 CS03_glueline tx Acc. Des. Col. LF Snow, 1947019 Levolor CGDB 20 @ -
31028 CS02_WhiteBack Accordia LF Cream, 19170202, CS Levalor CGDB 7200 @
S 31029 CS02_glusline bt Accordia LF Cream, 19170202, CS Levolor CGDB 200 @
403 records found. 31030 CS02_frontsheerfabrictd | Accordia LF Cream, 19170202, C< Levolor CGDB 20 @
31031 C501_glueline b Accordia Classic LF Toffee, 19570 Levolor CGDE 2o @
31032 CS01_browrfabric txt Accordia Classic LF Toffee, 19570 Levolor CGDB 20m @
Export 31033 C23_innerwalls b C23 White/Alumium back Hunter Douglas CGDB 1900 @ -
Repaort 31034 C22-957_innerwalls bt C22-957 Inner wall Hunter Douglas CGDB 1900 @
Print 31035 C22-951_outerwalls txt C22-951 Outer wall Hunter Douglas  CGDB 1900 @
11036 C22-951_glueline tx C22-951 Glue line Hunter Douglas CGDB 1900 @

Figure 14-1. The Shade Material Layer Library List View.
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14.2. Shade Material Library List View 14. Shade Material Library

The records in the default WINDOW Shade Material Library are from the Complex Glazing Database
(CGDB), which is distributed by LBNL as new shade materials are submitted by manufacturers. See the
LBNL windows.lbl.gov website for more information about the CGDB, including the latest version.

14.2.1. Buttons

The buttons on the left hand side of the List View have the following functions:

Detailed View Used to display the detailed view of the record.

Calc Not used in this library.

New Used to make a new record, based on a default record.

Copy Used to copy an existing record (including name and all associated input values) into a

new record.

Delete Used to delete the highlighted record(s).

Find Used to find a record based on the field selected from the pulldown list, and a value
typed into the input box.

Advanced Used to access a more advanced method of searching the list

Import Use to import spectral data for the material if it is available. The data must have been

imported into the Optics program as a text file, saved into the Optics user database,
and then imported using the choice of “Optics User Database” on the import dialog

box.
Export Used to export records to another WINDOW database or a comma-separated text file.
Report Used to create a report containing a summary of the records in the List View.
Print Used to print a report which contains a list of all the records in the library.

14.2.2. Column Headings

See the description in the Shade Material Library Detailed View section for definitions for most of the
column headings. Listed here are columns not included in that description.

Source Source of the optical data. Current options are:

= Optics: Indicates that the data was imported from the Optics database. These
records will have the spectral data information from the Optics database.

® User: Indicates that the data was created when the user copyied an existing record
into a new record. User defined records will not have associated spectral data
values.

Mode An identifier to determine if the layer is approved by NFRC. Only records with “#” in
this field can be used for NFRC simulations. This field is currently not relevant, but
may be used in the future if complex glazings are approved for use with NFRC
certified simulations.
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14. Shade Material Library

14.3. Shade Material Library Detailed View

14.3. Shade Material Library Detailed View

The Shade Material Library Detailed View is where the thermal and optical detailed properties for a

material can be viewed and imported.

File Edit Libraries Record Tools View Help
BH sBRR S BEHarH Bael: OH#7[@AVR
Lt Shade Material
is
ID# 30101 Thickness: _ 0.800 mm
Optics 5
Name: Slat Metal A
di Product Mame: Opague white colored slat mate
=0opy Manufacturer:  Generic
Delete
Save
Conductivity 160.00C  wW/m-K
Solar
Trans, Front 0,000
Trans, Back (TsolZ):  p.000
Reflect., Front (Rsoll): 0,700
Reflect., Back (RsolZ): 0.700
Visible
Trans, Front (Tvis): 0.000
Trans, Badk (TvisZ):  0.000
Reflect., Front (Rvis1):  0.700
Reflect., Back (RvisZ):  0.700
IR
Trans (Tir):  0.000
Emis., Front (Emis1)  0.900
Emis., Back (EmisZ)  0.500
color: ]
B Non-specular
Spectral data

Figure 14-2. The Shade Material Layer Library Detailed View.

The properties of the slat or other shade material are defined in detail in this library, based on
spectrophotometric measurements. If spectral data was imported into this library for a material, the values in
the Shade Material Detailed View are spectrally averaged properties calculated by the program, in the same

manner as for glass layers with spectral data.
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14.3. Shade Material Library Detailed View 14. Shade Material Library

Shade Material Input
The optical properties defined for each Shade Material entry are listed below:

ID

Thickness

Name

Product Name

Manufacturer

Conductivity

Solar

Trans. Front
(Tsol)

Trans. Back (Tsol)

Reflect., Front
(Rsol1)

Reflect., Back
(Rsol2)

Visible

Trans. Front
(Tsol)

Trans. Back (Tsol)

Reflect., Front
(Rsol1)

Reflect., Back
(Rsol2)

IR
Trans (Tir)

Emis., Front
(Emis1)

The unique ID associated with this record. For records whose Source is “IGDB User”,
this ID is assigned in the Optics User Database. For records whose Source is “User”,
this ID is assigned automatically by WINDOW but can be overwritten by the user as
long as it is unique.

The thickness of the Shade Material. Units: mm (SI); inches (IP).

The name of the shade material. If the record was imported from the Optics User
Database, this name will automatically come from that database.

A text field that can be used to specify the product name. If the record was imported
from the Optics User Database, this name will automatically come from that database.

The name of the shade material manufacturer. If the record was imported from the
Optics User Database, this name will automatically come from that database.

Conductivity of the material. Units: W/m-K (SI);Btu/h-ft-F (IP)

Solar transmittance of the front, exterior-facing side of the shade material.

Solar transmittance of the back, interior-facing side of the shade material.

Solar reflectance of the shade material, exterior-facing side.

Solar reflectance of the shade material, interior-facing side.

Visible transmittance of the front, exterior-facing side of the shade material.

Visible transmittance of the back, interior-facing side of the shade material.

Visible reflectance of the shade material, exterior-facing side.

Visible reflectance of the shade material, interior-facing side.

Thermal infrared (longwave) transmittance of the shade material.

Infrared (longwave) emittance of the shade material, exterior-facing side
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14. Shade Material Library 14.3. Shade Material Library Detailed View

Emis., Back Infrared (longwave) emittance of the shade material, interior-facing side

(Emis2)

Color A graphic representation of the color of the shade material.

Non-specular This checkbox indicates whether the material is specular.

Spectral Data This checkbox indicates whether there is spectral data (by wavelength) associated with

the material.
Comment

Protected If this box is checked, the record is protected from editing.

Creating New Shade Material Records

14.3.1. Importing from the Complex Glazing Database (CGDB)

The primary method for defining Shade Material records is to import them from the Complex Glazing
Database (CGDB), which LBNL maintains. A version is generally released every quarter, and can be installed
from the CGDB webiste: https:/ /windows.lbl.gov/cgdb-downloads

The CGDB installation puts a WINDOW database with the records from that version into the LBNL Shared
folder and is generally named for the CGDB version number as well as the WINDOW version it should be
used with. There are two options for installing the CGDB, either all the records, or just the records for the
version being installed. The names of the database files reflect those options, as shown below.

ThisPC * LocalDisk(C:) » Users > Public > LBNL > LBMLShared >

D & W Tl sort = view
Marne Date modified Type Size
[#l] W7_8_74-CGDE-31_0-AllRecords.mdb 7/2/202511:29 AM Microsoft Access ... 28,976 KB
[#] W7_8_74-CGDE-32-0-Only.mdb 8/13/2024 12:26 PM Microsoft Ac 3,588 KB
[£:] W7_8_74-CGDB-34_1-AllRecords.mdb 2/11/2025 11:44 AM Microsoft Access .. 19,183 KB

[£[5] W7_8_74-CGDE-36-AllRecords.mdb 9/11/2025 442 PM Microsoft Access ...

[#]5] W7_8-CGDB-37-AllRecords.mdb 10/15/2025 11:56 AM Microsoft Access ...

Figure 14-3. The CGDB WINDOW database is installed in the LBNL / LBNL Shared folder.
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14.3. Shade Material Library Detailed View 14. Shade Material Library

It is then possible to import records from the desired CGDB database using the Import button in the Shade
Material List View.

Shade Material Library (C:\Users'\Public*\LBNL\WINDOWS.1"w8.mdb)

Detailed View
Calc ID Name ProductName
New
41125 Bon Soir White Sand Blade txt Bon Soir White Sand Blade
Copy A2000 slats-white txt slats-white
Delete 42001 slatstan st slatstan
Find 43100 Splendor-WhisperWhite bd Splendor - Whisper White
D e — — —_—
Import >

Use the Browse button
IV to select the desired

Advanced... Format  WINDOW Database ~ / CGDB database version
Click the 408 records found. Import source  INL Shared\W7_8-CGDB-37-AlRecords.mdb|  Browse in LBNL/LBNL Shared
Import ———|
button, which

opens the
Import box

] Avoid creating duplicate records in export database by searching
for identical records

Canc

Highlight the records to import and click the Select button and
those r?ords will be imported

B C\Users\Public\LBMNLALBML Shared\W7_8-CGDE-37-AllRecords.mdb

Cancel  Select Al Clear selection  Find D ~ 414 records found.

D MName Product Name Manufacturer | Source | Version [Mode|Color| Thickness pec

mm
0.251

46065 SMOD6- 235 Stone Creek Roomside 2024 td | SNOG- 235 Stone Creek Room: Hunter Douglas CGDB R @ Y
46062 SMNO2- 745 Black Ormyx Roomside 2024 txt SM02- 749 Black Onyx Roomsi Hurter Douglas CGDB /o @ Y
46063 SMOD6- 951 Daisy White Roomside 202464 | SNOG- 951 Daisy White Rooms Hunter Douglas CGDB woo @ Y
AR0D64 SMOE- Streetside bd SMNOE- Streetside Hunter Douglas CGDB ®BM @ ) Y
0112| Black LouversdShutter txt Generic Black Louvered Shutt{Generic ~ [CGDB | 3700 | [ | 10000
0 GrayLouvered Shutter txt Generic Gray Louvered Shutt . -- . ¥
(S 10110 | White Louvered Shutter txt Generic White Louvered Eihl_rt'l C

Figure 14-4. Select the desired records from the CGDB WINDOW database..
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14. Shade Material Library

In the Detailed View, the optical properties displayed are spectrally averaged values calculated from the
spectral data.

File Edit Libraries Record Tools View Help

Bl LB@ S BEEMarH Baeli O#*7@AVK R

Shade Material
IS
= ID# 31010 Thickness:  1.000 mm

]

Optics 5
Name: vtD1_Maocha. txt
New =
Product Mame: Vertical slat - Mocha
Copy Manufacturer:  Generic
Delete
Save

Conductivity 0120 wWim+

Salar
Trans, Frant 0.213

Trans, Back (Tsol2): 0,213
Reflect., Front (Rsoll):  p,44a
Reflect., Back (Rsol2):  0.449

Visible
Trans, Front (Tvis): 0.052

Trans, Back (Tvis2): 0.052
Reflect., Front (Rvis1): 0.201
Reflect., Back (Rvis2):  0.201

IR
Trans (Tir):  0.046

Emis., Front (Emis1)  0.825
Emis., Back (Emis?)  0.825

Color: -

Mon-specular

Spectral data

Figure 14-5. The Detailed View of the Shade Material Library displays the average values for optical properties calculated from the
imported spectral data.

WINDOW 8.1 User Manual October 2026 14-7



14. Shade Material Library

14.3.2. Importing Measured Data

It is also possible to import measured data that is not part of the CGDB. Such data is first imported into the
Optics program, saved into an Optics User Database. The data can then be imported into the Shade Material
Library from the Optics User Database, as discussed below. The spectral data to be imported into Optics must
be in the format described for a submission to the International Glazing Database (IGDB). See the
windows.lbl.gov website under IGDB for specific data format instructions.

Steps for importing spectral data from an Optics User Database:

®  From the File menu, Preferences choice, Optical data tab, select the “Optics User Database” option, and
specify the path for the database using the Browse button

Options Themal Cales  Optical Cales  Optical Data  Radiance Deflection  Updates

Use the following database for optical data:
() IGDE or IGDB Update
C:\Users"Public®\LENL\LBMNL Shared“Glazingmdb  Browse

© COptics User database
C:aUsers\Public\LBNLA\LBNL Shared*UserGlazing 1 [Browse!

() IGSDB (hitps://igsdb bl gov)

Standards File

C:\Program Files (x86)\LBML\LENL shared“Standal | Browse

Figure 14-6. In File/Preferences/Optical Data, select “Optics User Database” and browse to the desired file.

®  From the List View of the Shade Material Library, click on the Import button.

® In the Import dialog box, set Format to “IGDB or Optics User Database” and click OK. (The Optics User
Database that the program will open is set in the File / Preferences menu, Optical Data tab).

= A dialog box showing the records in the Optics User Database will display. Select the desired records and
click the Select button.

®  The selected records will be added to the Shade Material Library.
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14. Shade Material Library

File Edit Libraries Record Tools View Help
= & : Baeol; O#z[@AVK @
Shade Material Library (C:\Users\PublichLBNL'WINDOWSE. 1%w8 mdb)
Detailed View
Calc ] Name ProductName Manufacturer | Source | Version [Mode|Color
Mew
31022 CS05_whitefront b Classic RD Snow, CS05, white Levalor CGDB 2 @
Copy 31023 CS05_glueline bt Classic RD Snow, CS05, glueline  Levolor CGDE 2200 @
Delete 31024 C504_whitefabric txt Accordia Des. Col. LF Snow, 1247 Levolor CGDB »n @
Find 11025 C504_glueline ta Accordia Des. Col. LF Snow. 1247 Levalor CGDB 20 @
D o 31026 CS03_White txt Ace. Des. Col. LF Snow, 1547015 Levalor CGDB 706 @
11027 C503_glueline ta Acc. Des. Col. LF Snow. 1947019 Levalor CGDB 20 @
31028 CS02_WhiteBack txt Accordia LF Cream, 15170202, CS Levalor CGDB 20m] @
Advanced.. 11029 CS502_glueline txdt Accordia LF Cream, 19170202, CS Levolor CGDB 2o @
408 records found. 31030 CS02_frontsheerfabrictxt | Accordia LF Cream, 13170202, CS Levolor CGDB 2 @
11031 CS501_glueline txt Accordia Classic LF Toffee, 19570 Levolor CGDB 2 @
Impoi
11032 CS501_browrfabric tx Accordia Classic LF Toffee, 19570 Levalor CGDEB 20 @
Export 31031 C23_innerwalls b« C23 White/Alumium back Hunter Douglas  CGDB 1900 @
Report 31034 C22-957_innerwalls bt C22-957 Inner wall Hurter Douglas CGDB 1900 @
Print 31035 C22-951_outerwalls txt C22-951 Outer wall Hunter Douglas CGDB 1900 @
- C22-851_glueling txt C22-951 Glue line Hurter Douglas CGDB 1900 @
N\
Import x
Format  IGDE or Optics User Database P
] Avoid creating duplicate records in export database by searching
for identical records
Cancel
[ Select J l Cancel l lSeIect .-’-‘«II] [Cleal selection|  Find 23 records found.

NFRC_ID FileMame
oo v _Mochatst
3011 w02 Show et

3oz

vt03_Prezidential bt

4|

1 |

Wertical slat - Mocha

Wertical slat - Snow

Froducttame

Wertical slat - Presidential

t anufacturer

Generic
Generic

Generic

.-’-‘«c:

Figure 14-7. Importing spectral data into the Shade Material Library.
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15. Shading Layer Library

15.1. Overview

This chapter discusses in detail the WINDOW Shading Layer Library, which can be used to model the
following types of shading system:

Slat shades: Defines the properties of the slat material (for Venetian blinds and horizontal slat blinds)
Cellular, Pleated, Roman shades: Defines the properties of the cellular shade fabric

Roller shades (some): Defines the properties of the roller shade fabric if it is a homogeneous diffusing
material

Solar screens: Defines the properties of the solar screen material

15.2. Shading Layer Library

The Shading Layer Library defines may different types of shading layers, which can be added to glazing
systems and windows to calculate the properties of those complete systems.

Libraries |
B window F2
Glazing System F5
Glass F3 The Shading Layer Library can
® cap Fa be accessed from
O erame F7 the Libraries menu
H Divider L
i  Environmental Canditions F& or
% Shading Layer F11
@ shade Material . the Shading Layer Librayy
) B toolbar buttom
A Awning
W viG Gap |E| & i n#zﬂﬁ

Figure 15-1. The Shading Layer library has been added to the Libraries menu.
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15.2. Shading Layer Library 15. Shading Layer Library

15.2.1. Shading Layer Library List View

The Shading Layer Library List View shows the records in the library. There are several example records in
the WINDOW 6 database (W6.mdb) that is included in the installation. These records include venetian blind
examples from ISO 15099 (“Venetian A0” to “Venetian D90” with the slat angle and slat material
incorporated into the name of the Shading Layer), as well as an example of a BSDF file, a diffusing layer being
defined for the shading layer, and a ventian blind with spectral data (the WINDAT example).

= EE Boeelli: O#H[7]|@aAV% ¢
Shading Layer Library (C:\Users\Public\LENL\"WINDOWE.1'w8 mdb)
Detailed View
Cale n] Name ProductMame Manufacturer Type
New
21 ‘Woven shade. Gray. 3% open area Generic Woven
Copy 24 Woven shade. Gray. 10°% open area Generic Woven
Delete 28 Perforated screen. 8.7% open area Generic Perforated Screen
Find 29 1" horizontal VB (white) - 45 deg Generic Wenetian (horizontal)
D w a0 3" horizontal VB {white) - 45 deg Generic Venetian (horizontal)
11 3" verical VB (white) - 0 deg (open) Generic Wenetian (vertical)
2 0.4" inbetween VB (white) - 45 deg Generic Wenetian (horizontal)
Advanced... 50  Cellular Shade. Single cell, light color |DB0_CS Generic Therm File
520 records found. 51 Cellular Shade. Stacked double cell, light color | ID51_CS Generic Them File
import 52 Cellular Shade. cellin-cell, light color ID52_CS Generic Them File
%] Cellular Shade. Single cell, blackout, low-e D53 _CS Generic Them File
Export 54  Cellular Shade. Single cell, light color, sheer D54 C5 Generic Therm File
Report 55 ILC2015_1 Diffuse Intedayer ILC2015_1 Diffuse Intedayer  Generic Dir/Dif File
Prirt 56 ILC2019_2 Low-e on frits 12mm substrate ILC2019_2 Low-e on frits 12mm Generic Dir/Dif File
1000  Black, Close Weave Black, Close Weave Ricky Richards BSDF
1500 Alabaster 2772 Alabaster 2772 Shaw BSDF
1501 Urbanshade White 2685 Urbanshade White 2685 Shaw BSDF
2000  Twilight 279-%10 Light Grey Twilight 279-A10 Light Grey Living Shade BSDF
2500 Horizan 50 Mesh, Grey./Grey Harizon 50 Mesh Grey./Grey Malan. UDA BSDF
3000  Slim White VB Closed Slim White Wenetian Blind Pella Venetian (horizontal)
3001 Slim White VB 45 Slim White Venetian Blind Pella Venetian (horizontal)
300z Slim White Open Slim White Venetian Blind Pella Venetian (horizontal)

Figure 15-2. The Shading Layer Library List View.
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15. Shading Layer Library

15.2. Shading Layer Library

Buttons

The buttons on the left hand side of the List View have the following functions:

Detailed View
Calc

New

Copy

Delete

Find

Advanced

Import

Export

Report

Print

Used to display the detailed view of the record.
Not used in this library.

Used to make a new record, based on a default record.

Used to copy an existing record (including name and all associated input values) into a

new record.

Used to delete the highlighted record(s).

Used to find a record based on the field selected from the pulldown list, and a value

typed into the input box.

Used to access a more advanced method of searching the list

Use to import spectral data for the material if it is available. The data must have been
imported into the Optics5 program as a text file, saved into the Optics5 user database,
and then imported using the choice of “Optics User Database” on the import dialog

box.

Used to export records to either another WINDOW database or to a comma-separated

text file.
Used to create a report containing a summary of the records in the List View.

Used to print a report which contains a list of all the records in the library.

Column Headings

ID
Name

Product
Name

Manufacturer

Type

Material

Permeability
Factor

The unique ID associated with each Shading Layer record.
The name of the Shading Layer.

The name of the product, sometimes the “marketing” name from the manufacturer

The manufacturer of the Shading Layer. The “Generic” manufacture indicates an example

shading layer type.

Type of Shading Layer. See the description under the Shading Layer Detailed View for a

complete description of all the types.

The material used in the shading layer, if appropriate, depending on the Type

The permeability factor defines the “thermal” openness area of a shading layer and is used

in the WINDOW heat transfer algorithms (from ISO 15099) to quantify convective heat
transfer through the shading layer.

WINDOW 8.1 User Manual October 2026
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15.2. Shading Layer Library 15. Shading Layer Library

Source The source of the Shading Layer record

= CGDB: imported from the WINDOW Complex Glazing Database (CGDB)
= User: Created by the WINDOW user

Version The CDGB version number.
Certification  Indicates if the Shading Layer is certified:

= #: Certified by NFRC
®  @: Certified by AERC
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15. Shading Layer Library 15.2. Shading Layer Library

15.2.2. Shading Layer Library Detailed View

The Shading Layer Library detail view displays the different input values for the various shading systems
that can be defined.

WINDOW can model several different shading system types, which results in the need for very different
input parameters for each of them. This section is a basic overview of what is contained in the Shading Layer
Library. Detailed information about how to model the various types of shading systems is discussed in detail
in Chapter 19.

The figure below shows the Shading Layer Library detail view for a Venetian blind, but this screen will be
different for each shading system type, based on the selection from the Type pulldown list.

File Edit Libraries PRecord Tools Wiew Help
SH 3@ & EEMar ) Bael: O#[7]|@A
Shading Layer Library
List
ID#: 30
MNew
= Mame: 3" horizontal VB (white) - 45 deg
Copy Product Mame:
Delete Manufacturer: Generic
Venetian blind, horizontal w
save - —— : B __—» :
/ Type: venetian blind, horizontal Dir DIF Spectral Material
e i i
The Type pulldown Material: 31100 White Venetian Blind Slat (wh| Homogeneous diffusing shade

menu choice is used to
define the different
models that are used
for different shading
systems.

Permeability Factor {thermal)

Venetian Blind

Slat width:
Spacing:
Tilt:

Tilt angle:

Blind thickness:

Rize:

Help

0.997
76200 mm
57150 mm
45 degrees
45.0000 degrees
53882 mm
6000 mm

Louvered Shutter (*.thmz)
Perforated screen

Shade with ¥ML data
Therm File

Venetian blind, vertical

Figure 15-3. The Shading Layer Library Detailed View for Horizontal Venetian Blinds.
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15.2. Shading Layer Library 15. Shading Layer Library

Buttons

The buttons on the left hand side of the List View have the following functions:

Detailed View

Calc

New

Copy

Delete

Find

Advanced
Import

Export

Report

Print

Column Headings

Used to display the detailed view of the record.
Not used in this library.
Used to make a new record, based on a default record.

Used to copy an existing record (including name and all associated input values) into a
new record.

Used to delete the highlighted record(s).

Used to find a record based on the field selected from the pulldown list, and a value
typed into the input box.

Used to access a more advanced method of searching the list
Use to import Shading Layers from another WINDOW database.

Used to export records to either another WINDOW database or to a comma-separated
text (CSV) file.

Used to create a report containing a summary of the records in the List View.

Used to print a report which contains a list of all the records in the library.

See the description in the Shade Material Library Detailed View section for definitions for most of the
column headings. Listed here are columns not included in that description.

Shading Layer Library Input

ID

Name

Type

The unique ID associated with each Shading Layer record.
The name of the Shading Layer.

Type of Shading Layer, from the following list

Venetian blind, horizontal w

Dir /Dif Spectral Material
Homogeneous diffusing shade
Louvered Shutter (*.thmz)
Perforated screen

Shade with XML data

Therm File

Figure 15-4. The options for the Shading Layer “Type”

15-6

October 2026 WINDOW 8.1 User Manual



15. Shading Layer Library 15.2. Shading Layer Library

= Dir/Dif Spectral Material: Use this choice for importing spectral data files that have been
measured for products with both direct and diffuse spectral data, such as frits, etched
glass, etc. When this type is selected, a corresponding Shade Material record is
automatically created in the Shade Material Library.

D Name Product Name Manufacturer Type

55002 PAVIA acid etch (back) on Clear 10mm | PAVIA acid etch (back) on Clear 10mm Vitro formery PPG  Dir/Df File

®* Homogeneous diffusing shade: Use this choice for any perfectly diffusing layer that
does not have an open weave construction

[N} Mame ProductMame Manufacturer Type Material

15 Diffusing Shade | Generic Diffusing Diffusing shade material

® Louvered Shutter (*.thmz): Use this for defining a Louvered Shutter product that is
defined with a THERM (thmz) file.

] MName Product Mame lanufacture Type
5100 L1_LouveredShutter_0 L1_LouveredShutter_0 Generc  Louvered Shutter
9101  L1_LouveredShutter_45 L1_LouveredShutter_45 Generic  |guvered Shutter
5102 L1_LouveredShutter -45 L1_LouveredShutter_-45 Generic | puvered Shutter
5103 L1_LouveredShutter_87 L1_LouveredShutter_87 Generc  Louvered Shutter

® Perforated screen: Use this choice for a screen that has circular, square or rectangular
erforations that are geometrically uniform across the shade material.

ID Mame ProductMame Manufacturer Type Material

28 Perforated screen. 8.7% open area | Generic Perfaorated Screen Slat Metal A

= Shade with XML data: Use this for any shading layer that has bi-directional scattering
distribution function (BSDF) data from either modeling (such as with a ray tracing
method) or measurements. Examples of shades that might use this method would be
roller shades with diffusing fabric

D Mame ProductName Manufacturer Type
6000  Hexcel Screen2 (52) 3%, White Peard Hexcel Screen2 (52) 3%, White Peard (SA-S) Mysan BSDF
6001 GreenScreen Eco 3%, Pewter Platinum GreenScreen Eco 3%, Pewter Platinum (SA-2) Mysan BSDF
6002 GreenScreen Eco 3%, Charcoal Bronze GreenScreen Eco 3%, Charcoal Bronze (SA-4) Nysan BSDF

= THERM file (*.thmz): Use this for a shading system that has a complex geometry that is
defined in a THERM file that is then referenced for both the optical and thermal
calculations in this library. Use the Louvered Shutter option for that product.

1D Name ProductName Manufacturer Type
24040  Intigral_SL_Vanity_CO00_White_Pleated_Shade_20mm | Intigral - SL Vanity CO00 White Fabric  Intigral Them File
24039  Intigral_SL_Vanity_CO00_White_Pleated_Shade_14mm | Intigral - SL Vanity CO00 White Fabric  Intigral Them File
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15. Shading Layer Library

Venetian blind, horiztonal: Use this for the classic horizontal slat Venetian blind.

ID MName ProductMame Manufacturer Type
29 1" horizontal VB (white) - 45 deg Generic Wenetian thorizontal)
30 3" horizontal VB {white) - 45 deg Generic Wenetian thorizontal)

Material

White Venetian Blind Slat {white tat)
White VYenetian Blind Slat {white tat)

Venetian blind, vertical: Use this to define vertical slat blinds.

ID Name ProductMame Manufacturer Type

kN 3" vertical VB (white) -  deg (open) | Generic Venetian (vertical)

Material

White Venetian Blind Slat (white txt)

Woven shade: Use this to define a shade fabric that has a uniform weave that can be
geometrically defined based on thread diameter and thread thickness.

D MName ProductMame Manufacturer Type Matenial
24 Woven shade. Gray. 10% open area | Generic Woven Woven Shade Material
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15. Shading Layer Library 15.2. Shading Layer Library

Material

Permeability
Factor

Opennes
(optical)
BSDF file
&

Browse

This is a pull-down list that shows the records in the Shade Material Library, which
represents measured data. The record chosen will determine the optical and thermal
properties of the material.

This material needs to be defined for the following Shading Layer Types:

® Direct/ Diffuse: The measured spectral data for the dir/dif layer

®* Homogeneous diffusing shade: The base material for the diffusing shade
= Perforated screen: The base material for the perforated screen

®  Venetian blind, horiztonal: The blind slat material.

®  Venetian blind, vertical: The blind slat material.

®= Woven shade: The material that defines the thread in the woven shade.

The permeability factor defines the “thermal” openness area of a shading layer and is used in
the WINDOW heat transfer algorithms (from ISO 15099) to quantify convective heat transfer
through the shading layer.

For some products, such as Type = Therm File, this field will be displayed. It represents the
optical openness of the product.

An input box and a Browse button will appear in this section of the Shading Layer Library
detail view for the following Types:

®  Louvered Shutter (*.thmz): Browse to the THERM “thmz” file for Louvered Shutter

Type: Louvered Shutter (*.thmz)

BSDF File: - WML 1_LouveredShutter_0.thmz Browse
Figure 15-5. For Type = Shade with XML data, use the Browse button to select the XML file.

= Shade with XML data: Browse to the XML file that contains the BSDF data for the
shading system being defined.

Type: Shade with %ML data

BSDF File: -“<MLY2014-5C7.<ML Browse

Figure 15-6. For Type = Shade with XML data, use the Browse button to select the XML file.

® Therm file (*.thmz): Browse to the THERM “thmz” file created for the shading system
being defined (for example, cellular or pleated shades).

Type: Therm File {*.thmz)

BSDF File:  .WMLWIDS4_CS.thmz Brawse

Figure 15-7. For Type = Therm file (*.thimx), use the Browse button to select the XML file.
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15. Shading Layer Library

The rest of the input values in this library are dependent on the Type selected above, and are discussed
individually in the following sections.

15.2.2.1. Dir/Dif Spectral Material:

For shading layer of Type “Dir/Dif Spectral Material”, used to define diffusing glass such as frits or etched
layers, a measured spectral data file that contains both direct and diffuse spectral data must be referenced.
This spectral data file is imported in the Shade Material Library with Format = Dif/Dif Text File. When that
file is imported into the Shade Material Library, a corresponding Shading Layer record is automatically

created.

Shading Layer Library

ID #: 55801

Mame: Opague (1) STARPHIRE &mm

Product Mame:  Opague (1) STARPHIRE &mm

Manufacturer: Walker Glass

Type: Dir /Dif Spectral Material

Material: 55801 Opaque (1) STARPHIRE &mm

Shade Material

ID#: 55801

Mame:
Product Mame:

Manufacturer:

Conductivity

Solar

Trans, Front 0.789

Trans, Back (Tsol2):  [p.754
Reflect., Front (Rsol1):  n.0s5
Reflect., Back (RsolZ):  0.030

Vigible

Trans, Front {Tvis): 0.817
Trans, Back (Twis2): 0,788
Reflect., Front (Rvis1):  0.068
Reflect., Back (Rvis2):  0.034

IR

Trans (Tir):  0.000
Emis., Front (Emis1)  0.857
Emis., Back (Emis2) 0.340

Thickness: 5.78% mm

Opague (1) STARPHIRE &mm

Opaque (1) STARPHIRE &mm

Walker Glass

1000 wimK

Color: |:|

Mon-specular

Spectral data

Figure 15-8. Homogeneous diffusing blinds do not have a geometric definition, just a reference to the Shade Material Library.

Dir/Dif Spectral Material Input

Type

Material

Set type to Dir/Dif Spectral Material

Set Material to a record in the Shade Material Library that is defined for this direct /

diffuse Shading Layer.
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15. Shading Layer Library

15.2. Shading Layer Library

15.2.2.2. Homogeneous Diffusing Shade:

For shading layer of Type “Homogeneous diffusing shade”, no geometry needs to be defined. It is just
necessary to reference the appropriate material in the Shade Material library, which should represent a
perfectly Lambertian diffusing material.

Shading Laver Library
ID# 15
Mame:  Diffuzing Shade

Froduct M arne:

M anufacturer; Generic
Type: Haormogeneous diffuzing shade
M aterial: 002

Permeahility Factar 0.000

)

Shade taterial
IoD# 200z Thickness:  2.000 mm
Marne: Diffuzing shade material
Froduct Mame:  Example
Manufacturer,  Generic
Conductivity; 0900 wi/mk,
Salar
Trang, Front [T zol); 0.500
Trang, Back [Teol2): 0.500
Reflect.. Frant [Fzall]: 0.300
Reflect,, Back [Reol2): 0.300
Yisible
Tranz, Front [Twig): 0.400
Tranz, Back [Tviz2): 0.400
Reflect.. Front (Rwis1): 0.2a0
Reflect., Back [Rwviz2): 0.200
IR
Trang [Tir]: 0.000
Emiz.. Front [Emig1] Q.a40
Emis., Back [Emisg] 0.840
Calor: I:l
Maon-zpecular
Spectral data

Figure 15-9. Homogeneous diffusing blinds do not have a geometric definition, just a reference to the Shade Material Library.

Homogeneous Diffusing Shade Input

Type

Material

Set type to Homogeneous diffusing shade

Set Material to a record in the Shade Material Library that is defined for a
homogeneous perfectly diffusing shade.
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15.2. Shading Layer Library

15. Shading Layer Library

15.2.2.3. Louvered Shutter (*.thmz)

For shading layer of Type “Louvered Shutter (*.thmz)”, a THERM file is referenced which contains geometry
and material information which is used in the calculation of the optical and thermal properties of the shade.

THERM file (*.thmz) Input

Type
BSDF File

&
Browse

Permeability
factor

Spacing & Angle

Calculate button

Type: Louvered Shutter (*.thmz)

BSDF File: WML 1_LouveredShutter_45.thmz Browse

Permeability Factor (thermal)  0.805

Louvered Shutter

Spacing: 54.300 mm

Calculate

Figure 15-10. Input values for Type = Louvered Shutter

Set type to Louvered Shutter (*.thmz)

When Type = Therm file (*.thmz), a BSDF File input line appears accompanied by a
Browse button to browse to the needed THERM (thmz) file. This file is generally
located in an XML subdirectory in the same directory as the WINDOW database, but
the program will store the path for the file, so it can be located elsewhere.

This value is based on the permeability of the material used in the THERM file. See
Chapter 19 for more details for specific implementations of this method.

Spacing: The spacing between the louvered shutter slats. Units: inches (IP); mm (SI)
Angle: The angle of the louvered shutter slat. Units: degrees

This button is used to calculate the “genBSDF” Radiance file which is then used by
WINDOW to calculate the optical properties of the shading system. This is an XML
file, and can take a very long time to generate (30 - 60 minutes potentially). It will be
saved into the XML subdirectory from the WINDOW database.

& L1_LouveredShutter_0_genBSDF.xml 71872025 12:068 PM Microsoft Edge H... 2125 KB

Figure 15-11. The “genBSDF” XML Radiance file generate by WINDOW to calculate the optical
properties of a louvered shutter defined with a THERM file.
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15.2. Shading Layer Library

15.2.2.4. Perforated Screen

For shading layer of Type “Perforated Screen”, the geometry of the perforations needs to be defined, and the
base material containing the perforations must be selected from the Shade Material Library

Shading Layer Library Shade katerial
ID# 18000 D# 311N Thickness:  0-230 mm
Marme:  Solar Camfart Fadiant Barrier / MHame: SCRadiantB arrier. tat
Product Name:  Saolar Comfort Radiant Barrier SC400 Perforated ! Product Mame:  Solar Cornfort B adiant Barrier
M anufacturer; Solar Comfort Manufacturer:  Solar Comfart
Type: Perforated screen
M aterial: 111
Conductivity: 0120 wiimek.
Solar
Permeahility Factar 037 Trans, Front [Tsolf 0.000
Trang, Back [Tsol2]: 0.000
Reflect., Frant [Rzall]): 0.866
Reflect. . Back [Reol2): 0.430
Vigible )
Geometry: Ciredlar Tranz, Frant [Twis): 0.000
] . Tranz, Back [Twviz2): 0.000
Dimensions
Reflect., Front [Rvis1):
Diameter: 1160 mm sflect.. Front [RvisT) e
Reflect.. Back [Rvis2]: 0.433
) IR
Thickness: 0230 |mm . Trans (Tir): 0.000
Spacing I @ Emis.. Front (Emis1)  0.863
S 1650 ~mm Emis., Back [Emis2) 0,840
diameter
Sy: 1630 mm v
thickness /\ Color: -
Mon-zpecular
Spectral data

Figure 15-12. Perforated Screens.

Perforated Screen Input

Type Set type to Perforated Screen

Material Set Material to a record in the Shade Material Library which represents the base
material for the perforated screen

Permeability WINDOW will automatically calculate this value based on the geometry of the

factor perforations.

Perforated Screen tab

Geometry Select from a pulldown list one of the following options (this assumes that the

perforation geometries and their spacing in the shade material are perfectly uniform.

®=  (Circular
= Square

®  Rectangular
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15.2. Shading Layer Library 15. Shading Layer Library

Geometry = Circular

I

-
|

Sy
L]

QO

diamet

thickness —/\
Figure 15-13. Dimensions for Perforated Screens with uniform cicular perforations.

Dimensions Enter the dimensions for the geometry of the circular perforation.

® Diameter: the diameter of the circular perforation

® Thickness: the thickness of the base perforated material

Spacing ®  Sx: the spacing in the “x” (horizontal) direction of the circular perforations, from

the center of each perforation

®  Sy: the space in the “y” (vertical) direction of the circular perforations, from the
center of each perforation

Geometry = Square

e T3

sy —x—

\“/
thickness /

Figure 15-14. Dimensions for Perforated Screens with uniform square perforations.

Dimensions Enter the dimensions for the geometry of the square perforation.

x: the dimension of the opening of the square

= Thickness: the thickness of the base perforated material
Spacing ®  Sx: the spacing in the “x” (horizontal) direction of the square perforations, from the
center of each perforation

®  Sy: the space in the “y” (vertical) direction of the circular perforations, from the
center of each perforation
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15. Shading Layer Library 15.2. Shading Layer Library

Geometry = Square

e

-
thickness /
Figure 15-15. Dimensions for Perforated Screens with uniform rectangular perforations.

Dimensions Enter the dimensions for the geometry of the rectangular perforation.

= x: the “x” (horizontal) dimension of the rectangular opening
= y:the “y” (vertical) dimension of the rectangular opening
® Thickness: the thickness of the base perforated material

Spacing ®  Sx: the spacing in the “x” (horizontal) direction of the rectangular perforations,
from the center of each perforation

u__r

®  Sy: the space in the “y” (vertical) direction of the rectangular perforations, from the
center of each perforation
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15.2. Shading Layer Library

15. Shading Layer Library

15.2.2.5. Shade with XML data

For shading layer of Type “Shade with XML data”, an XML file is referenced which contains BSDF (bi-
directional scattering function) matrices for optical properties as well as definitions for the thermal properties

of the shade.

Shading Layer Library
ID#: 17010
Mame:  sheefw'eave 2410 Performance + P13 Oyster/Beige
Product Hame:  sheerweave 2410 Performance + P13 Oyster/B

b anufacturer: Phifer Incorporated
Type: Shade with XML data
BSDF File: W<MLA2014-5C21 <ML Browse

Permeability Factor ooy

DeviceT ype Angle Basis Thickness Conduchivity Ermiszivity Frant | Emizsivity Back TIR
LEMLFlems Full 0.450 0150 0.203 0.831 0.000
A 4
v Computer ¥ O5(C:) » Users » Public » LBNL » WINDOWTE » XML
hd 5a Open = Share with - Burn Mew folder
~
Mame Date modified Type Size
=] 2014-5C21. XML 10/4/2017 9:45 AM XML Document 1981 KB
=] 2014-5C22. XML 10/4/2017 9:45 AM XML Document 1981 KB
=] 2014-5C23. XML 10/4/2017 9:45 AM XML Document 1981 KB
[= 2014-5C21 XML E3 -
100 <SourceSpectrum>CIE Illuminant D65 1lnm.ssp</ScurceSpectrums>
101 <DetectorSpectrum>ASTM E308 1931 Y.dsp</DetectorSpectrums>
102 = <WavelengthDataBlock>
103 <WavelengthDataDirection>Transmission Front</WavelengthDatalirection>
104 <ColumningleBasis>LBNL/FKlems Full</ColumningleBasis>
105 <RowhngleBasis>LBHNL/Klem= Full</RowkngleBasis>
106 <ScatteringDataType>BTDF</ScatteringDataType>
107 = <ScatteringDatas
108 1.451332, 0.D05809, 0.005809, 0.005809, 0.D05B809, 0.005809, 0.D05804
109 0.005506, 1.447264, 0.005809, 0.005809, 0.D05B809, 0.005809, 0.D05804
110 0.0053%06, 0.005809, 1.447264, 0.005809, 0.005809, 0.005809, 0.00580¢
111 0.0053%06, 0.005809, 0.005809, 1.447264, 0.005809, 0.005809, 0.00580¢
112 0.0053%06, 0.005809, 0.005809, 0.005809, 1.447264, 0.005809, 0.00580¢
113 0.005%906, 0.005809, 0.005809, 0.005809, 0.005809, 1.447264, 0.00580¢
114 0.005%906, 0.005809, 0.005809, 0.005809, 0.005809, 0.005809, 1.447264
115 0.005%906, 0.005809, 0.005809, 0.005809, 0.005809, 0.005809, 0.00580¢
116 0.005506, 0.D05809, 0.005809, 0.005809, 0.D05B809, 0.005809, 0.D05804
117 0.005506, 0.D05809, 0.005809, 0.005809, 0.D05B809, 0.005809, 0.D05804
118 0.005506, 0.D05809, 0.005809, 0.005809, 0.D05B809, 0.005809, 0.D05804
119 0.005906, 0.D05809, 0.005809, 0.005809, 0.D05B809, 0.005809, 0.00580%
120 0.0053%06, 0.005809, 0.005809, 0.005809, 0.005809, 0.005809, 0.00580¢
121 0.0053%06, 0.005809, 0.005809, 0.005809, 0.005809, 0.005809, 0.00580¢
122 0.005%06, 0.005809, 0.005809, 0.005809, 0.005809, 0.005809, 0.00580¢
123 0.005%906, 0.005809, 0.005809, 0.005809, 0.005809, 0.005809, 0.00580¢
Figure 15-16. Shade with XML data.
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15. Shading Layer Library

15.2. Shading Layer Library

Shade with XML data Input

Type Set type to Shade with XML data

BSDF File When Type = Shade with XML data, a BSDF File input line appears accompanied by a
& Browse button to browse to the needed XML file. This XML file is generally located in
Browse an XML subdirectory in the same directory as the WINDOW database, but the

program will store the path for the XML file, so it can be located elsewhere.

Permeability

factor the XML file.

Summary table

WINDOW displays a summary table of the information in the XML file

BSDF File: -wMLA2074-5C21

Permeability Factor 0.037
DeviceType Angle Bazi Thickness Conductivity Ermisgivity Front | Emissivity Back TIR
Other LEMNL/Klems Ful 0.450 0150 0203 0831 0000

. 77

<Material

<Namepsheerle
<Manyfacturer/zPhifer
<Thickness ufii

<EmissivityFront>pl20295<
<EmissivicyBack®D.831<
<TIR>5.02e-05</TIR>

missivityFront>
missivicyBack>

<PermeabilityFactor>D.036966<,/FPermeabilityFactor>

Figure 15-17. Summary table information from the XML file is displayed.

WINDOW will automatically calculate this value based on the thermal properties of
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15.2. Shading Layer Library 15. Shading Layer Library

15.2.2.6. THERM file (*.thmz)

For shading layer of Type “THERM file (*.thmz)”, a THERM file is referenced which contains geometry and
material information which is used in the calculation of the optical and thermal properties of the shade. This
type of shading layer definition is used for systems that have complex geometries that can be modeled in
THERM, such as cellular and pleated shades.

THERM file (*.thmz) Input

Shading Layer Library

ID# 52

Name: Cellular Shade. cellin-cell, light color

Product Name:  ID52_CS

Manufacturer:  Generic

Type: Therm File (*.thmz) ~

BSDF File: ¥MLVID52_CS.thmz Browse

Permeability Factor (thermal)  0.000  Openness (optical) 0.000

THERM File

Figure 15-18. Shading Layer defined by a THERM (thmz) file, in this case a cellular shade
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15. Shading Layer Library

Type

BSDF File
&
Browse

Permeability
factor (thermal)

Openness
(optical)

Calculate button

Set type to Therm File (*.thmz)

When Type = Therm file (*.thmz), a BSDF File input line appears accompanied by a
Browse button to browse to the needed THERM (thmz) file. This THERM file is
generally located in an XML subdirectory in the same directory as the WINDOW
database, but the program will store the path for the THERM file, so it can be located
elsewhere.

BSDF File:  .WMLYID50_CS.thmz Erowse

This value is based on the permeability of the material used in the THERM file. See
Chapter 19 for more details for specific implementations of this method.

This value is based on the optical openness of the material used in the THERM file. See
Chapter 19 for more details for specific implementations of this method.

This button is used to calculate the “genBSDF” Radiance file which is then used by
WINDOW to calculate the optical properties of the shading system. This is an XML
file, and can take a very long time to generate (30 - 60 minutes potentially). The default
location of this file is the XML subfolder relative to the WINDOW database.

D ID50_CS.thmz TAT 2025 12:49 PM 6 KB

W 1D50_C5_genBSDFxml 31772025 11:49 AM 2125 KB

Figure 15-19. WINDOW needs both the THERM thmz file and the genBSDF.xmil file to perform the
simulation for the shade in a glazing system.

[= 1D50_C5_genBSDF 2l E3 ‘

34 # The following was converted from RADIANCE =cene input
o Untitled
# Begin conversion from: C:\Users\ROBERT~1\AppData'Local

1 # xform -e
m

1 o LNk

trans segment 266 =

9 ]

oxy D0.3333 D.3333
1 td D.4451

ts 0.0000 O.0OODO

rd 0.5291

c

rs 0.0000 O.000DO

[T Y-S FU i K]

Figure 15-20. A snippet from the “genBSDF” XML Radiance file generate by WINDOW to calculate the
optical properties of a complex shading system whose geometry and materials are defined in a THERM

file.
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15. Shading Layer Library

15.2.2.7. Venetian Blind, Horizontal

For shading layer of Type “Venetian blind, horizontal”, a Shade Material record is referenced for the slat
material, and the geometry of the slats is also defined. At this time, each different slat angle must be modeled
as a separate record in the Shading Layer Library. So for example, there are three entries for most venetian
blinds (from the Complex Glazing Database) one for the “open” case of 0 tilt, one for the “closed” case of 90°

tilt, and one for the angled case of 45 .

Wenetian Blind

Blind thickness: (0482 |mm

Slat width: 14.808 mm

Spacing: 12700 mm

Tit: | closed (30°) v
Titt angle: 88.1363| | degrees

Blind thickness: | 14800 'mm

Rize: 0838 mm
Venetian Blind
Slat width: 14.800 mm ——
Spacing: 11985 mm
Titt: Fully open {07} -
Titt angle: 0.00000| - degrees

Blind thickness: [10.471 |mm

Rize: 0838 mm

Rise: 0.838 mm
Wenetian Blind

Slat width: 14.808 mm

Spacing: 12700 mm

Titt: 45 degrees -
Titt angle: 45.0000 degrees

NN

Figure 15-21. Usually three different slat positions are modeled for a Venetian blind.

Venetian blind, horizontal Input

Type Set type to Venetian blind, horizontal
Material
material.
Permeability
factor will be different for each slat angle defined.

Set Material to a record in the Shade Material Library which represents the slat

WINDOW will automatically calculate this value based on the geometry of the blind. It

15-20
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15. Shading Layer Library

Venetian Blind tab

D #: 3004

Product Marme:
t anufacturer;
Tupe:

b aterial:

Venetian Blind

Shading Layer Library

Mame:  Slim Marine 45

Permeability Factor nses <«

Slirn b aring Blue VYenetian Blind
Pella
Yfenetiah blind, horizantal

oy

WINDOW automatically
calculates the thermal
Permeability Factor from the
salt geometry

&

4—
Slat width: 14.808 |mm
Spacing: 12700 |mm /
Tik: 45 degrees / For Venetian Blinds, slat
Titt angle: 45.0000| " degrees geometry must be input.
Blind thickness: [10.471 | mm /
Rise: 0.838 |'mm /
Help /
4—
Figure 15-22. The Venetian Blind tab in the Shading Layer Library
Slat width Width of the slat. Units: millimeters (SI), inches (IP).
Spacing Spacing of the slats. Units: millimeters (SI), inches (IP).

Tilt

Tilt of the slat. A different record must be created in the Shading Layer Library for
every tilt that is to be modeled. Units: degrees from horizontal, can be either positive
or negative.

= (Closed (90°): the slats are vertical (blinds closed) with the curvature (if Rise is non-
zero) facing the “interior”; for slats that overlap or have a curvature, the program

will calculate what the actual closed angle will be (as it is probably not actually 90°)
and display it in the Tilt angle field as a protected value.

(

® 45 degrees: the slats are tilted down at the outside, up at the inside, at 45 degrees

)

WINDOW 8.1 User Manual October 2026 15-21



15. Shading Layer Library

Tilt angle

Blind thickness

Rise

Comment

Protected

=  Fully open (0°): the slats are horizontal

——

® 45 degrees: the slats tilted up at the outside, and down at the inside, at 45 degrees

~

= Closed (-90°): the slats are vertical (blinds closed) with the curvature (if Rise is non-
zero) facing the “exterior”; for slats that overlap or have a curvature, the program
will calculate what the actual closed angle will be (as it is probably not actually 90°)
and display it in the Tilt angle field as a protected value.

)

® Custom Angle: A custom angle can be input in the Tilt angle field

The actual angle of the blind, based on the Tilt and the curvature (rise) of the blind. For
example, if a blind with significant curvature, can not actually get to a real 90 degree
tilt. The program will calculate the actual tilt and present the result in this field, which
is not editable unless the Tilt = Custom Angle, in which case this value can be input
manually. Units: degrees

The thickness (projected horizontally) calculated by the program based on the input for
Slat width and Tilt. Units: millimeters (SI), inches (IP).

The interior radius of the curvature of the venetian blind slat. Units: millimeters (SI),
inches (IP).

Comment about the Shading Layer, optional input.

For Shading Layers imported from the Complex Glazing Database, this checkbox will
be checked, indicating that none of the values in that record can be edited.

It is possible to copy a “protected” record, and the values of the newly copied record
will be editable.

15-22
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15. Shading Layer Library

15.2.2.8. Venetian Blind

, Vertical

For shading layer of Type “Venetian blind, vertical”, the inputs are the same as Venetian Blind, horiztonal,
but the blinds are in a vertical orientation. The diagram is shown as a cross section through the vertical blind

set.

Venetian Blind

Shading Laver Library

ID#: 27006
Mame:  Shimwhite Open

Froduct Mame:  Slim white Vertical Louvered blind

b arufacturer: Genernic
Type: [Venetian blind, vertical vl
Material (31100 -

Permeability Factor 991728

Slat width: 14.800 mm
Spacing: 11985 mm
Tik: [lulyopen )  ~]
Tilt angle: 0.00000 = degrees
Blind thickness: |14.200 |mm
Rise 0.833 mm

Help

AN

Figure 15-23. The Venetian Blind, vertical.
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15. Shading Layer Library

15.2.2.9. Woven Shade

For shading layer of Type “Woven shade” is used to model a fabric or other shade material that has a uniform

weave structure.

Woven Shade Input
Type

Material

Permeability factor

Shading Layer Library
ID# 19
Mame:  “Wowven shade. Gray. 25% open area

Product Hame:

b anufacturer: Generic
Type: whoven shade
t aterial: 31006

Permeability Factor 0.250

Wowven Shade

Thread diameter:  1.0000 mm
Thread spacing:  2.0000 mm
Shade thickness:  2.0000 mm

Figure 15-24. Shading Layer Type = Woven Shade.

Set type to Woven Shade

Set Material to a record in the Shade Material Library which represents the

thread material of the woven shade material.

WINDOW will automatically calculate this value based on the geometry of the

weave.
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15. Shading Layer Library

Woven Shade tab

Woven Shade

Thread diameter:  1.0000 mm
Thread spacing:  2.0000 mm
Shade thickness:  2.0000 mm

ﬁu
Spaces : Thread spacing
between (centerline to
threads centerline
Thread diameter 4 —V
Woven material
Figure 15-25. The Woven Shade input definitions
Thread diameter This value is the diameter of an individual thread in the fabric of the woven
shade.
Thread spacing This value is the spacing between threads in the weave of the fabric of the
woven shade.
Shade thickness This value is the thickness of the fabric of the woven shade
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15. Shading Layer Library

(eln yq)ln)

Layer
Front

Horizontal

Plane

z Thread

eouv ¢ou!
- il

Vertical
Thread

Layer
Back

Local Threads
Section

Horizontal

Figure 15-26. Woven shade modeling technique.
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16. Awning Library

16.1. Overview

This chapter discusses in detail the WINDOW Awning Library, which can be used to model awnings on

windows in the Window Library

The awning geometry is defined relative to a window, so that an awning defined in the Awning Library can
be applied to any window in the Window Library.

16.2. Awning Library

The Awning Library can be accessed via the Libraries menu or the Toolbar.

Libraries |

Glass
Gap
Frame

Divider

Awning

<> B 3 O e

= Window

Glazing System

Environmental Conditions
Shading Layer
Shade Material

VIG Gap

F2
F5
F3
F4
F7
Fa

F11
F12

/

The Awning Library can be
accessed from

the Libraries menu
or

the Awning Library toolbar
buttom

B el: O#7|aA

Figure 16-1. The Awning Library can be accessed via the Libraries menu or the Toolbar.
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16.2. Awning Library 16. Awning Library

16.2.1. Awning Library List View

The Awning Library list view shows the records in the library.

Awning Library (C:\Users'\PublichLBNLWWINDOWE. 1w 8 mdb)

Detailed View
Cale Product ]
s D Mame Name Manufacturer ShadingLayerlD Dh ol Dr Length Titt
Mew mm mm mm mm
5 1 |Generc1  Generic Product |[LBNL m 00 | 100 | 100 | 50 | 30 |
Copy :
Delete
Find
ID w
Advanced...

1 records found.

Expart

Report

Prirt

Figure 16-2. The Awning Library List View.

Buttons

The buttons on the left hand side of the List View have the following functions:

Detailed View Used to display the detailed view of the record.

Calc Not used in this library.

New Used to make a new record, based on a default record.

Copy Used to copy an existing record (including name and all associated input values) into a
new record.

Delete Used to delete the highlighted record(s).

Find Used to find a record based on the field selected from the pulldown list, and a value
typed into the input box.

Advanced Used to access a more advanced method of searching the list

Import Used to import Awning records from another WINDOW database.

Export Used to export records to either another WINDOW database or to a comma-separated
text file.

Report Used to create a report containing a summary of the records in the List View.

Print Used to print a report which contains a list of all the records in the library.
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16. Awning Library 16.2. Awning Library

Column Headings

ID The unique ID associated with each Awning record.

Name The name of the Awning.

Product The name of the product, sometimes the “marketing” name from the manufacturer
Name

Manufacturer The manufacturer of the Shading Layer. The “Generic” manufacture indicates an example

shading layer type.
Shading ID of the record from the Shading Layer used to define the awning.
Layer ID
Dh Distance of the awning from the top of the window.
DI Distance of the awning from the left side of the window.
Dr Distance of the awning from the right side of the window
Length Length of the awning.
Tilt Tilt of the awning
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16.2. Awning Library

16. Awning Library

16.2.2. Awning Library Detail View

O 1

MName: Generic 1

Product Mame:  Generic Product

Manufacturer: LBML

Awning

Shading Layer: 1000 | Black, Close Weave ~

Length (L): 500000 mm
Titt (Alpha): 30 degrees off vertical
Distance from left side of window (DL): 100000 mm

Distance from right side of window (OR):  100.000 mm

Distance from top of window(DH): 100000 mm

ID

Name
Product Name
Manufacturer

Shading Layer

Figure 16-3. Awning Library Detail View

The unique ID associated with this record. Protected.

The name of the Awning being defined.

The product name of the Awning being defined.

The name of the awning manufacturer.

The name of the Awning used to define the material of the awning. The pulldown list
shows all the applicable Shading Layers that can be used to define awning materials.
The records from the Shading Layer library that can be used for awnings are those

that are defined as “Shade with XML data” in the Shading Layer detail view, and
“BSDF” in the Shading Layer List view.

Shading Layer: | 1000 | Black, Close Weave
1000 | Black, Close Weave
1500 | Alabaster 2772
1501 | Urbanshade White 2685

2000 | Twilight 275-410 Light Grey
2500 | Horizan 50 Mesh, Grey/Grey
3500 | Dickson Orchestra #0681 Dune
4000 | Uniview Charcoal

Figure 16-4. Shading Layer records defined as Type = Shade with XML data
are those that can be used to define awnings.
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16. Awning Library

16.2. Awning Library

AWNING
Length (L)

Tilt (Alpha)

Distance from
left side of
window (DL)

Distance from
right side of
window (DR)

Distance from
top of window
(DH)

The length of the awning, measured from the wall attachment to the end of the
awning. Units: mm (SI); inches (IP).

The tilt of the awning, measured from the vertical wall surface. Units: degrees off
vertical.

Distance from the left hand side of the window to the left hand edge of the awning.
Units: mm (SI); inches (IP).

Distance from the right hand side of the window to the right hand edge of the
awning. Units: mm (SI); inches (IP).

Distance from the top of the window to the point where the awning is attached to the
wall. Units: mm (SI); inches (IP).
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16.2. Awning Library 16. Awning Library

16.2.3. Applying Awnings to a Window
Unlike other shading systems that are applied to Glazing Systems, which are then used in a window,
awnings are applied directly to Windows.

An option to specify an awning for any window has been added to the definition of a window record in the
Window Library.

List ID# 110 v
Calc (F9) Mame | Awning 1A Fixed - Dark::AY 12
Mode  MFRC e
New
Type |Fixed (picture) [P
Copy
Width 1200 | mm
Delete Height | 1500 |mm

Save Area m2
Report Titt

[ Dividers Environmental Conditions
MNFRC 100-2010 e
Dividers
S Chedk glazing system compatibility
8 < Check this box to add an awning to this window.

Awning 1A -Dark  ~ | >F < Then select a record from the Awning Library.
T Total Window Results - Normal Inddence
Mormal Click on & component to display characteristics below

U-factor Wjm2K
SHGC
SHGCVT Detail .

CR YA
CR. Detail

Total Window Results - Annual

"

Figure 16-5. Awnings are applied directly to Window records.
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16. Awning Library

16.2. Awning Library

Checking the “ Awnings” box will allow records from the Awning Library to be selected either from the
pulldown list or by clicking the double arrow to the right of the pulldown list to open a dialog box showing

the list of records.

List o # 110 v
Calc F3] Mame |&wning 14 Fited - Dark:dv A
tode | NFRC e
Hew
B Select *
Copy
Delete Cancel Fid| | ID v Brecords found
Save
Report D Mame ProductMame  fanufacturé ShadinglayerlD Dh Dl Dr L Alpha
[ Dividers inches | inches | inches | inches
Dividers » 1 Awning 14 - Dark. Awning 14 - Dark Generic 10003 1]
Awnings /ﬂ 2 Awning 14 - Light | Awning 14 - Light Generic 10002 1] i} 0 B9 a
Awning 14 - Datk ~ 3 Aaning 18 - Dark | Awning 1B -Dark Generic 10003 0 1] 0 42 45
Display mods: 4 Awning 1B - Light | &wning 1B - Light Generic 10002 1] n 0 47 45
Warmal 5 fuwning 2b - Darke | Awning 24 - Dark Generic 10003 ] n 0 59 a5
g Auwning 28, - Light | Awning 24 - Light  Generic 10008 1] i} a 53 a5
7 Awning 2B - Dark | Awning 2B -Dark Generic 10003 1] n 0 30 95
a Awning 2B - Light | Awning 2B - Light  Generic 10008 1] 0 i a0 a5
/

Clicking the double arrow button will show the
list of records in the Awning Library

Figure 16-6. Access the list of awnings from the Awnings Library by clicking on the double arrow button

When you press the Calc button to calculate the window with the awning, a dialog box showing the progress

of the calculation will appear, while Radiance is calculating the optical properties of the window with the

awning. When Radiance has completed the calculation (which can take a few seconds up to many minutes)
the dialog box will close automatically.

Window

Calculating awning BSDF using Radiance

Figure 16-7. When calculating the window performance with an awning, a dialog box will appear during the Radiance calculation of

the optical properties of the system.
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16.2. Awning Library 16. Awning Library

Results

When the program has finished the calculation, there will be two sets of results, one calculated at normal
incidence, and the other calculated as “annual results”. The values calculated at normal incidence will
generally not be relevant for awnings, so the Annual results will be more useful. See the AERC technical
documentation for a description of Annual results.

List ID# 1 e
Mame Sample Picture Window
Mode MFRC e
MNew
Type Fixed {picture) | s
Copy
Width 1200 mm
Delete Height 1500 mm
Save Area 1.800 m2
Repart Tilt a0
(") Dividers Environmental Conditions
NFRC 100-2010 ~
Dividers
@ Awnings B chedk glazing system compatibility
Generic 1 wRE
Ry mades Total Window Results - Mormal Incidence
Normal Click on a component to display characteristics below
U-factor 1.993 W fm 24
Glazing System
SHGC 0.430
S — Mame Sample GlzSys o EE
. VT 0.512
SHGCNT Detail ) in] 8 Ucenter 1.917 W/m2+
cl 758 MNlayers 2 SC 0,796
CIu M/A Area 1.271 m2 SHGC 0.592
Total Window Results - Annual Edgearea _ 0.305 m2 JE | s
Annual results for the
SHGC  0.323 window and awning
VT 0.341

Figure 16-8. For awnings, the “Annual” results will be more relevant.
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17. VIG Gap Library

17.1. Overview

The VIG Gap Library is used to define gas and gap records that can be used when defining a glazing system
in the Glazing System Library. The VIG Gap Library can be used to define single pure gases, as well as gas
mixures, and vacuum. The database that is installed with WINDOW has a standard set of default gaps for
pure gases that are protected from editing. The records in the VIG Gap Library can be used in a glazing
system when modeling a VIG unit.

17.2. VIG Gap Library List View
The List View shows all the records in the VIG Gap Library .

File Edit Libraries Record Tools Wiew Help
= EE Baell: O#7 @Ak %
VIG Gap Library (C:\Users\Public\LENL"WINDOW&. 1%w8.mdb)
Detailed View
Cz D MName Type Pressure  |Conductance (C°)| Pillar Amay Type Pillar Geometry
MNew mTom Wim2-K
» 1 | Cylindrical, Stainless-steel Model Based | 1.000 1113 | Square Cylindrical
Copy 2 Cylindrical, Ceramic Model Based 1.000 2 454 Square Cylindrical
Delete 3 Truncated cone, Glass Model Based 1.000 0.349 Square Truncated Cone
End 4 Linear Bearing, Stainless Steel Model Based 1.000 0.871 Square Linear Bearing
1] w 5 Cylindrical, Stainless-steel Measured NAA 1732 N/A N/A
[ Cylindrical, low conductivity pillar | Measured MNSA 0.884 N/A N/A
7 Glass bump pillar Measured NAA, 0515 N/A N/A
Advanced... I3 Cylindrical, metal Measured NAA 0514 N/A N/A
& records found.
Export
Report
Prirt

17.2.1. Buttons

Figure 17-1. VIG Gap Library, List View.

The buttons on the left hand side of the List View have the following functions:
Detailed View

Calc

New

Copy

Used to access the detailed view of the record, where the input values can be edited.
Not used in the VIG Gap Library. Grayed out.
Used to make a new record, based on a default record.

Used to copy an existing record (including name and all associated input values)
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17.2. VIG Gap Library List View 17. VIG Gap Library

Delete

Find

Import

into a new record.

Used to delete the highlighted record(s). The program allows deleting even
protected records, which have a gray background.

Used to find a record based on the field selected from the pulldown list, and a value
typed into the input box.

Advanced: Used to access a more advanced method of searching the list

Find @
Find what: | I:l
[~ Match entire cell text Direction Caneel

[~ Match case " Up & Down

Used to import records from various sources.

Import *

Format  WINDOW Database ~

:Browse |

Import source  C:\Users\Public\LBNLWINDOWSE, 1\sample v

] Avoid creating duplicate records in export database by searching
for identical records

oK Cancel

Format: Select from one of the following database formats

= WINDOW database: Import from another WINDOW database

Import Database: 1f the format is set to “WINDOW database” this option appears,
allowing the user to select the desired WINDOW database to import records from.

Avoid Creating Duplicate records ... : A checkbox, which when checked, will cause
the program to ask for new IDs if the IDs of the imported records conflict with
existing records in the Library.

17-2
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17. VIG Gap Library

17.2. VIG Gap Library List View

Export

Used to export records from this database into either an existing WINDOW
database, or a new WINDOW database.

Export @

Ewpont:
* Selected record(s)
" Al records

Format |WINDDW Databaze j

Export |E:'\Users'\rdmitchell'\Downloads'\WINDDW‘w Browse Mew

v Avwoid creating duplicate records in export databagze by zearching
for identical recards

QK. | Cancel |

Export: Radio buttons that allow export of selected (highlighted in the List) or all
records

Format: The export format options are

=  WINDOW database: This option causes an Export field to be displayed which
allows Browsing to an existing database to export the records into, or a New
database to export the records into.

®* Comma separated value (CSV): Selecting this option and clicking the OK button
opens a Save As window which allows the user to specify the name of the CSV
file and the directory location.

Avoid Creating Duplicate records ... : A checkbox, which when checked, will cause
the program to ask for new IDs if the IDs of the imported records conflict with
existing records in the Library.
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17.2. VIG Gap Library List View

17. VIG Gap Library

Report Allows creating a report containing a list of the records in the Glass Library.
Report X
Report type:  Library List
Generate report for:
(") Selected recordis)
© Al records
Text file options
() Use defautt column widths
i
Preview
Report Type: There is only one option, which is a Library List
Generate report for: Radio buttons which specify whether the report will contain
only the selected (highlighted) records or all the records in the Library
Text file options:
= Use default column widths: this option causes long names to be truncated
®  Wrap columns: this option allows long names to be wrapped to another line or
lines
Preview: check this box shows a preview of the report before it is saved or printed
1D Hame Type Fressure
nTorr
1 Cylindrical. Stainless-stesl Hod=l Based 1.000
2 Cylindrical. Ceramic Hodel Based 1.000
3 Truncated cone., Glass Model Based 1.000
4 Linear Bearing. Stainless Stee Hodel Based 1.000
5 Cylindrical. Stainless—steesl Hea=zured Heod
f Cylindrical. low conductiwvity Measured H~od
pillaxr
7 Glass bump pillar Heasured Hed
a Cylindrical. metal Heasured Hod
Print

Used to print a report which contains a list of all the records in the library.
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17. VIG Gap Library

17.2. VIG Gap Library List View

17.2.2. Column Headings

The List view contains columns with selected results (from the Detail view) for each record, as described

below.

ID

Name

Type

Pressure

Conductance

Pillar Array
Type

Pillar
Geometry

The unique ID associated with each record.
The name of the gap record.
This field indicates the VIG Gaptype:

=  Model based

= Measured

The vacuum gap gas pressure for model-based records. Units: mTorr.

The residual gas and pillar conductance of the vacuum gap. Units: w/m2-K (SI);
Btu/h-ft2-F (IP).

This field depends on whether the Type is Modeled Based or Measured.

®  Model based: The field will display the Pillar Array type, which are from the
following choices when defining the pillar for the VIG Gap record.

Square “

Mumber of pillars [ area
Shifted Rotated Square

Shifted Siuare

®  Measured: This field is N/ A for this model type

Pillar geometry for Model-based records, from the following choices:

Cylindrical e
Annulus Cylinder

C-Shaped Cylinder
Hexagon
Linear Bearing
Pentagon
Rectangular
Spherical
Triangle
Truncated Cone
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17.3. VIG Gap Library Detail View 17. VIG Gap Library

17.3. VIG Gap Library Detail View

The Detail View shows details of individual records in the VIG Gap Library . WINDOW is shipped with
several “protected” example records, but it is also possible to create user defined records.

The fields displayed in the detailed view will depend on the selection of Model-based or Measured Gap
Conductance.

Ib# 1
List E—
Mame: Cylindrical, Stainless-steel
Mew
ooy Gap Gas Pressure:  1.000 miorr Model-based
= Residual Gas and Fillar Conductance (C¥): 1.313 Btu/h-ft2-F Measured Gap Conductance
Celet= Pillar Properties
Save
Thermal Conductivity: 8.667 Btu/h-ft-F Geometry: Cylindrical Pillar array type: Square
Height (h):  0.008 inches Pillar spading (Sp): 0.787 inches
Contact radius {r):  0.010 inches
- - -
Ll - -
- . -
L] - - S p
ID# 5
List
Mame: Cylindrical, Stainless-stesl
MNew
Copy Model-based
= Residual Gas and Pilar Conductance {C*): 1.732 Btu/h-ft2-F Measured Gap Conductance
Delete Measured Gap Conductance
Save

Measured values for the whole VIG unit Thickness Conductivity

Conductivity (kvIG): 0.006 Btu/h-ft-F D inches  Btufh-ftF Emissivity Emissivity
Thickness (tVIG): 0,252 s Glass Exterior == 102 0.120 0.039 1 0.840 g2 0.840 Flip
Glass Interior > 113 0.123 0.039 g3 0.149 g4 0.845 Flip
Temperature 1: 59.000 F

Temperature 4 95.000 F

Figure 17-2. VIG Gap Library, Detail View for a Model-based record (top) and a Measured Gap Conductance record (bottom)..
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17. VIG Gap Library

17.3. VIG Gap Library Detail View

The following describes

17.3.1. Buttons

the fields for the records in the VIG Gap Library.

The buttons on the left hand side of the Detail View have the following functions:

List
New

Copy

Delete

Save

Used to access the List view of the library.
Used to make a new record, based on a default record.

Used to copy an existing record (including name and all associated input values)
into a new record.

Used to delete the highlighted record(s). The program allows deleting even
protected records, which have a gray background.

Used to save the currently defined record.

17.3.2. Field Descriptions

ID

Name

Residual Gas
and Pillar
Conductance
(G

Type

Unique ID number associated with each VIG Gap record. The ID is automatically
assigned when a record is added in the List View, but can be changed by the user at
that time as long as the ID is unique.

The name of the VIG Gap layer. The name is input by the user for user-created
records.

The conductance of the VIG gap without the effects of thermal radiation.
See also the Technical Documentation on the WINDOW software website:

https:/ /windows.lbl.eov/window-documentation

There are two options for defining a VIG Gap:

= Model-based

®= Measured Gap Conductance
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17.3. VIG Gap Library Detail View 17. VIG Gap Library

17.3.3. Model-based VIG Gap records

Model-based VIG Gap records are defined by defining the properties of the pillars in the gap, including the

thermal conductivity, geometry and array of the pillars. For each pillar geometry, there are different
geometric variables defined for each geometry.

ID#F: 3
Mame: Truncated cone, Glass
Gap Gas Pressure: 1,000 mTorr Model-hased
Residual Gas and Pillar Conductance (C¥): 0.845 Btu/h-ft2-F Measured Gap Conductance
Fillar Properties
Thermal Conductivity:  0.578 Btuh-ftF Geomefry: Truncated Cone Pillar array type: Square
Height (h): 0.004 inches Fillar spacing (5p): 0.787 inches
Contact top radius (r1): 0.004 inches
—_— - - -
Contact base radius {r2): 0.020 inches
- - -
- - -
L] L] - } S p
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17. VIG Gap Library

17.3. VIG Gap Library Detail View

Fields

The fields defined for each Model-based VIG Gap record depend on the chosen geometry
The Thermal Conductivity of the pillar material. Units: W/m-K (SI); Btu/h-ft-F

Thermal
Conductivity

Pillar Properties

Geometry

(IP).

The geometry of the pillar from the following choices

Annulus Cylinder

C-Shaped Cylinder

C-5haped Cylinder  ~

Annulus Cylinder

Cylindrical
Hexagon

Linear Bearing
Pentagon
Rectangular
Spherical
Triangle
Truncated Cone

Geometry:  Annulus Cylinder ~
Height (h): 0.008 inches
Contactinner radius (ri): 0,002 inches
Contact outer radius {ro): 0.010 inches
l ]
[
I3
1 1

Geometry: £

Height (h):

Contactinner radius (ri):

Contact outer radius (ro):

Fraction covered (f):

inches

inches

inches
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17.3. VIG Gap Library Detail View 17. VIG Gap Library

®  Cylindrical

Geometry:
Height (h):  0.008 inches
Contact radius (r):  0.010 inches

® Hexagon
Geometry:
Height (h):  0.008 inches
Contact length (r):  0.010 inches
r
[]

Linear Bearing

Geometry:

Height (h): 0.008 inches
Contact length {):  0.010 inches

Width (w): 0.002 inches

17-10
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17. VIG Gap Library 17.3. VIG Gap Library Detail View

® Pentagon

Geometry: Pentagon ...

Height (h):  0.008 inches
Contact length {r): 0.010 inches

"
® Rectangular

Geometry: Ry

Height (h): 0.008 inches
Contact length {j:  0.010 inches
Contact width (w): 0.002 inches

= Spherical

Geomefry:

Height (h): 0.008 inches

Contact radius {r): 0.010 inches

WINDOW 8.1 User Manual October 2026
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17.3. VIG Gap Library Detail View 17. VIG Gap Library

= Triangle

Geometry: ale
Height (h): 0.008 inches
Contact length ):  0.010 inches

= Truncated Cone

Geometry: Truncated Cone V
Height (h): 0.008 inches
Contact top radius (ri): 0.010 inches
Contact base radius (r2):  0.002 inches
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17. VIG Gap Library 17.3. VIG Gap Library Detail View

17.3.4. Measured Gap Conductance VIG Gaprecords

Model-based
Residual Gas and Pillar Conductance (C*): 1.732 Btu/h-ft2-F Measured Gap Conductance
Measured Gap Conductance
Measured values for the whale VIG unit Thickness Conductivity
Conductivity (kVIG): 0.006 Btu/h-ft-F D inches  Btuh-ftF  Emissivity  Emissivity
Thickness (IG): 0.252 - Glass Exterior > 102 0.120 0.039 1 0.840 g2 0.840 Flip
Glass Interior = 113 0.123 0.039 £3 0.149 g4 0.845 Flip

Temperature 1: 59.000 F

Temperature 4 95,000 F

Fields

The fields defined for the Measured Gap Conduction type are based on measured values of the entire VIG
unit. See the technical documentation on the WINDOW Documentation web page:

https:/ /windows.lbl.eov/window-documentation

Measured values for the whole VIG unit
Conductivity ~ The conductivity of the VIG unit. Units: W/m-K (SI); Btu/h-ft-F (IP).
Thickness The thickness of the VIG unit. Units: mm (SI); inches (IP).

Temperature 1 ~ The measured temperature of the exterior surface of the Glass Exterior layer. Units: C
(SI); F (IP).

Temperature 4 The measured temperature of the interior surface of the Glass Interior layer. Units: C
(SD); F (IP).

Glass Layer properties

Glass Exterior ~ Glass layer selected from the Glass Library for the Exterior and the Interior layer in
the VIG unit. The glass layers are selected using the double arrow button for the

Glass Interior  Glass Exterior and Glass Interior options.

ID The ID of the glass layer, from the Glass Library.

Thickness The thickness of the glass layer, from the Glass Library. Units: mm (SI); inches (IP).
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17.3. VIG Gap Library Detail View 17. VIG Gap Library

Conductivitiy ~ The conductivity of the glass layer, from the Glass Library. Units: W/ m-K (SI);
Btu/h-ft-F (IP).

Emissivity The emissivity of the exterior surface of the Glass Exterior layer, from the Glass
front Library.

Emissivity The emissivity of the interior surface of the Glass Interior layer, from the Glass

back Library.

Flip Radio button that allows the selected glass layer to be flipped, which will change the

emissivity values if they are different on the front and back of the glass layer.
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18. Preferences

18.1. Preferences

The File/Preferences menu brings up a dialog box with several tabs.

The following sections describe the settings for each tab.

For condensation | Cl Index
[ Create debug output
() Create log file

() Use Nominal Heights
Glazing system height:

[ Use Nominal Glass Thickness
Display precision: 3
Default Frame Absorptance (300

Frame Glazing System

25.000
Thickness Tolerance %

® Database integrity check before
database close frecommended)

1000000 mm
MNominal window height: 1000.000 ™mm

o Check that results are curmrent for all
records and their dependent records

Options ~ Themmal Calcs  Optical Cales  Optical Data  Radiance  Deflection  Updates
Localization Simulation Engine
Unit system O (o] () Tarcog
Language choice  English © WinCale
Misc. options Display
[ Dont show CI/CR waming message Grid Fort Size 14 v

(] Use Tor for Gas Library Pressure Units

Cancel Apply

Figure 18-1. File/Preferences displays a dialog box with several tabs for different WINDOW settings.
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18.1.1. Options 18. Preferences

18.1.1. Options

The Options tab contains general overall settings for the program.

Options  Thermal Calcs Optical Calcs  Optical Data  Radiance Deflection  Updates

Localization Simulation Engine
Unit system 1P (") Tarcog

Language choice  English © WinCalc

Misc. options Digplay

[ Dont show CI/CR waming message Grid Fort Size |14 o
Faor condensation | Index ~

|__| Create debug output

[ Create log file
[ Use Mominal Heights
Glazing system height:  1000.000 mm

Nominal window height: 1000.000 mm
"] Use Mominal Glass Thickness

Display precision: 3
Default Frame Absomptance 300

Frame Glazing System 25.000
Thickness Tolerance % .

("] Use Torrfor Gas Library Pressure Units

[ Database integrity check before
database close (recommended)

[ Check that results are current for all
records and their dependent records

Cancel Applhy

Figure 18-2. File/Preferences displays a dialog box with several tabs for different WINDOW settings.

The values defined in the Options tab are described below:
Localization
Unit System There are two options for the unit system in the program:

e IP: Inch-pound units

e Sl International System of Units

Language Choice  There are two language options:

e English

e Chinese
Simulation Engine
Tarcog This option will perform the calculations using the calculation engine from WINDOW 7
WindowsCalc- This option will perform the calculations using the publically available open-source
Engine code called WindowCalc-Engine: https:/ /github.com/LBNL-ETA /Windows-

CalcEngine
This is the default option in the latest versions of WINDOW.
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18. Preferences

18.1.1. Options

Misc Options
Don’t show
CI/CR warning

messages

For condensation

Create debug
output

If this is checked, the program will NOT show a warning when a file is set to a type that
the Condensation Resistance or Index calculation can not be performed on, such as a
jamb, vertical divider, or any other model with a vertical frame cavity.

Select from the pulldown menu to have WINDOW calculate either

= Condensation Index (CI)
* Condensation Resistance (CR)

The type of debug output depends on the simulation engine selected.

For a glazing system calculated with the matrix method, WINDOW writes its BSDF
matrices, one CSV file per wavelength. A glazing system is calculated with the matrix
method when it has a shading layer or a BSDF layer, or when Use matrix method for
specular systems is checked (Preferences > Optical Calcs). The matrices are written only
when Write CSV output file is also checked (Preferences > Optical Calcs; checked by
default).

Each file is a square matrix with one row and one column per direction of the BSDF
basis (145 for the full Klems basis). The wavelength in each file name is in micrometers.
Tf, Rf, Tb and Rb are front transmittance, front reflectance, back transmittance and back
reflectance. Every time a glazing system is recalculated, its folder is deleted and written
again.

Tarcog: When Tarcog is selected as the simulation engine, and this box is checked. 4
files are generated in the “Debug” subdirectory where the database is located. These are
text files which contain detailed information about how the program calculated the
results, named with the name of the glazing system, covering the whole spectrum:

= System_Tf .csv (and Rf, Tb, Rb) for the system, and
*= Layerl _Tf_.csv, Layer2_.., ... for each layer.

| . v Computer » O5(C:) » Users » Public » LBMNL » WINDOWT.7 » Debug

- Include in library = Share with « Burn Mew folder
Mame Date modified Type Size
|7 8_Sample GlzSys.dbg 2/4/20191:33 PM DB File 9 KB
7] B_Sample GlzSys.wi 2/4/20191:33 PM W7 File 5KB
7] B_Sample GlzSysU.dbg 27472019 1: DBG File KB
7] B_Sample GlzSysU.w? 2/4/20191:33 PM W7 File 5KB

WinCalc engine: the debug files are placed in
Debug)\ <glazing system name>\ WinCalc
in one subfolder per spectral range:

Solar, Visible and UV (and DW and KW when those results are calculated)
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18.1.1. Options

18. Preferences

Create log file

Use Nominal
Heights

Use Nominal
Glass Thickness

Display
precision

Each subfolder contains the system matrices (Tf_.csv, Rf_...,, Tb_..., Rb_...) and a Layer_1,
Layer_2, ... subfolder with the same files for each layer.

For a glazing system with only glass layers (and the matrix option unchecked), the
folders are created but left empty.

Checking this box causes the program to create a file called “w?7.log”, located
in C:\ Users\ Public\ LBNL\ LBNL Shared. It contains a log of the processes the
WINDOW program does through while running.

Wa.log * 1F

File Edit View

Mon Oct 12 11:36:58 2826: Begin CWindowEdit::DoDataExchange

Mon Oct 12 11:36:58 2826: Retrieving a record

Mon Oct 12 11:36:58 2826: Calling CWindowEdit::ReloadAllWindowData from
CWindowEdit: : DoDataExchange

Mon Oct 12 11:36:58 2826: Begin CWindowEdit::LoadGlzSysNames

Mon Oct 12 11:36:58 2826: End CWindowEdit::LloadGlzSysNames

This option affects the calculations only when the Tarcog simulation engine is selected.
With the WinCalc engine, WINDOW always uses the 1G Height and IG Width stored in
the glazing system record and the actual size of the window.

Glazing system height (default 1000 mm): when Use Nominal Heights is checked, the
IG Height box in the Glazing System Library detailed view shows this value for
every glazing system. With the Tarcog engine, this height is used instead of the
glazing system's own IG height, both in the Glazing System Library and in the
Window Library.

Nominal window height (default 1000 mm): with the Tarcog engine and Use Nominal
Heights checked, this height is used instead of the actual window height when
calculating the center-of-glass properties of each glazing system in a window. It is
not used anywhere else.

Checking or unchecking Use Nominal Heights marks all calculated results as out of
date. Changing the two heights does not.

Default: Not checked

This checkbox will cause the program to use a nominal thickness for glass layers rather
than the exact thickness. This can be seen in the Glazing System Library Detail View in
the “Thick” field for each layer. For example, the real thickness for Glass ID 101 is 5.74
mm, and this is the value that will display under the “Thick” field unless the “Use
Nominal Glass Thickness” is checked. In that case, the “Thick” field will display 6.0
mm.

The display precision controls several numeric displays, although not all of them. For
example, it controls the number of decimals that will be displayed in the Glazing

System results section. Default: 3

In the image below, the “Display precision” is set to 5.
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18. Preferences

18.1.1. Options

Default Frame
Absorptance

Frame Glazing
System
Thickness
Tolerance %

Use Torr for Gas
Library Pressure
Units

Center of Glasz Results | Temperature Data | Optical Data | Angular Data | Color Properties | Fadiance Results
Ufactor SC SHGC Fel. Ht. Gain Twis F.eff Layer 1 Eeff
WA 2E W A2 W -k WAk
072242 0.62850 4966 0.53286 [REES 1.0000

The default value for the frame absorptance in the Frame Library. Default: 0.30

This value can always be changed as needed in the individual Frame Library records.

Frame Library
1D #: 5}
MWame:  sample-head THM
Source: | Them v| Tupe: |Heac| '|
Filename: 5 amples\zample-head THM Browse
UAALUES
Frame: 2024073 W/mz-K
Edge Carrelation:
Edge of Glass: 2346296 W/ma-K
GLAZIMNG 5YSTEM
“width: 25933 mm
Center of Glass U-value: 1934666 W/m2-K
FRAME
Projected Frame Dimension: 42875 mm
Matenial &bz 0.300000
Color: [N
Wetted Length: BE743  mm

This value is used in the Window Library when the program compares the glazing
system in the frame (for a THERM file) to the glazing system used in the center of the
window. The thicknesses need to be within the tolerance input here. Default: 25.0.

Units: percentage.

This value is contained in the w8.1.ini file:

FrameToleranceGlazingSystemThickness=0.2500

When defining a Gap Library record for vacuum glazing, pressure values need to be
defined. This setting allows the pressure value to be input either in Torr or Pascals.

Default: checked.
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18.1.1. Options

18. Preferences

Database
integrity check
before database
close
(recommended)

Check that
results are
current for all
records and their
dependent
records

Display

Grid Font Size

Gap Library
D #: 301
Mame: Wacuum sample
| W acuum
28.970

013332 Pa 00000 Tarr

)

tolecular Weight: Fressure:

Specific heat ratio: 1.400 Fillar Definitior: |1 1.5 radiuz -- 30 spacing

Gap Propertiez at Wacuum
Conductance  D10EVEY  wiim2-K

This checkbox causes the program to do a referential integrity check, when closing the
program (and thus the database), to make sure that there are no records that were
“orphaned” during a deletion, etc. Default: checked.

When this option is checked, WINDOW checks every Glazing System and Window
record each time the Glazing System Library or the Window Library list is opened. If a
record that a calculated result depends on has been changed or deleted since the result
was calculated, the result is marked as out of date and is shown as "?" in the list. The
record has to be recalculated to get its results back.

This option is checked by default. With a very large database, unchecking it makes the
library lists open faster. The detailed view of a glazing system or window always checks
that one record when it is opened, whether this option is checked or not.

The check compares the timestamp stored with the result against the current
timestamp of each record the result depends on.

* Glazing System: the Environmental Conditions record, each glass layer, each
shading layer and its shading material, and each gap (gas fill or vacuum gap).

*  Window: the Environmental Conditions record, each glazing system, each divider,
and each frame.

= Other libraries (Glass, Gas, Frame, Divider, Shading Layer, and so on) have no
results that depend on other records, so nothing is checked for them.

A note on Window calculations:

For Window records, this option checks whether its glazing systems have changed, not
the glass or gaps inside them. If you edit a glass record, the glazing systems that use it
get a "?" the next time the Glazing System Library (or that glazing system's detailed
view) is opened. The windows that use those glazing systems get a "?" the next time the
Window Library is opened after that. If you go straight from the Glass Library to the
Window Library, the windows do not show "?" yet.

This option controls the size of the font in the “grids” in WINDOW, such as the list
views. It is necessary to restart WINDOW in order for these changes to take effect.
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18. Preferences 18.1.2. Thermal Calcs

18.1.2. Thermal Calcs

The Thermal Calcs tab contains settings which control the thermal calculations.

Options | Themal Calcs |Optical Calcs I Optical Data I Radiance | Deflection I Updates|

Thermal calculation options

Calculation standand [|50 15099 v]
Convection models
Outside Intearal Inside
Model Model Model
Venetian blinds (150 15099 ~| [is0 15089 | (150 15009 -
Woven shades (150 15039 ~| (10 15099 | [1s0 15098 -

Figure 18-3. The Thermal Calcs tab controls options for the thermal calculations.

The values defined in the Options tab are described below:

Calculation The calculation standard to be used for the thermal calculations. There are two options:
standard
e 1SO 15099
e ENG673
Convection The following models are available to be applied to calculations for Venetian Blinds
models and Woven Shades. Different models can be selected depending on the location of the
shading system.

e Outside: this is a shading system that is located on the outside of the glazing
system.

o Integral: this is a shading system that is located between layers of glass.

e Inside: this is a shading system that is located on the interior (room-facing)
side of the glazing system.

The choice of thermal models are as follows:

e IS0 15099: this is the default thermal model for all the shading options. It is
based on the ISO 15099 standard for modeling shading systems.

e  Waterloo:
e Scalar - material width:
e Scalar - shade width:
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18.1.3. Optical Calcs 18. Preferences

18.1.3. Optical Calcs

The Optical Calcs tab contains settings which control the optical calculations.

Options Themmal Cales  Optical Calcs  Optical Data  Radiance Deflection  Updates

[ Use matrix method for specular systems Venetian blind calculation methods
{alazing systems without shading devices)
a-.' SolarVisible range  Directional diffuse ~
B8 Write XML BSDF output FIR range Directional diffuse ~
Generate full spectrally-averaged matrix for: # of segments: 5
B Solar band
& Visible band

Spectral data  Condensed spectral data

Number of visible bands: &
MNumber of IR bands: 10

Angular basis W6 standard basis A4

Calculate optical results for:

@uv (Jow [JKR  [JColor

Figure 18-4. The Optical Calcs tab controls options for the optical calculations.

Matrix Calculation Options
There are several options in this section for complex glazings such as venetian blinds.

Use matrix ~ Checking this box will cause the program to use the matrix calculation engine, usually run only

Method for  for complex glazing systems, for glazing systems without shading devices. Not usually used in

specular normal calculations. If this box is checked, the program will use the spectral data pulldown

sysetms choices. Also, the results may be different from WINDOWS5, which does not use the matrix
method for calculations of systems without shading devices. Default: Unchecked.

Write CSV Checking this box will cause a CSV file to be created , when a record in the Glazing System
output file Library is calculated, in the “BSDFs” subdirectory where the WINDOW database is located. It

is named after the glazing system, <glazing system name>.csv.

If the “Use matrix Method for specular systems” is unchecked, the program will write the
summary of the center-of-glass results, as shown below.

[= Single Clear.csv 3 |

"Identifying Information™

Tuis, Bfvis. Bhuis. Ised. Bisel. Bhagd, Rbsl, Tdw-K, Tdw-ISC, Tuyw
0.532856, 0.0559836, 0.056048, 0.485604, 0.0526195, 0.052822, 0.461776, 0.303718, 0.428859, 0.236568

T

If the “Use matrix Method for specular systems” is checked (for specular glazing systems) or
there is a shading system in the glazing system, the CSV file will contain bi-directional
scattering function data, as shown below
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18. Preferences 18.1.3. Optical Calcs

[=] Sample GlzSys.cav 3
1 8, Sample GlzSys",2,2,""
2 "Solar Tf"
3 7.120173%, 0.000000, 0.000000, 0.000000, O0.000000, O©.000000, 0.000000, O.000000,
4 0.000000, 7.601175, 0.000000, O0.000000, O.000000, ©.000000, O0.000000, O.000000,
5 0.000000, O.000000, 7.601175, 0.000000, ©.000000, ©.000000, O0.000000, O.000000,
& 0.000000, O.000000, 0.000000, 7.801175, 0.000000, ©.000000, O0.000000, O.000000,
T 0.000000, 0.000000, 0.000000, O.000000, 7.601175, 0.000000, 0.000000, 0.000000,
g 0.000000, 0.000000, 0.000000, 0.000000, 0.000000, 7.601175, 0.000000, O0.000000,
=] 0.000000, 0.000000, 0.000000, 0.000000, O0.000000, 0.000000, 7.601175, 0.000000,
10 0.000000, 0.000000, 0.000000, 0.000000, O0.000000, O.000000, 0.000000, 7.601175,
11 0.000000, 0.000000, 0.000000, 0.000000, O0.000000, 0.000000, 0.000000, O.000000,
12 0.000000, O.000000, ©0.000000, O0.000000, O.000000, ©.000000, O0.000000, O.000000,
13 0.000000, O.000000, ©0.000000, O0.000000, O.000000, ©.000000, O0.000000, O.000000,
14 0.000000, O.000000, ©0.000000, O0.000000, O.000000, ©.000000, O0.000000, O.000000,
15 0.000000, O.000000, ©0.000000, O0.000000, O.000000, ©.000000, O0.000000, O.000000,

Write XML If this is box checked, the program will write an XML file that contains BSDFs (bi-directional
BSDF scattering matrices) for the glazing system. The file is named <glazing system name>.XML,
output and is located in the BSDFs subdirectory where the WINDOW database is located.

If the glazing system contains only specular layers, the “Use matrix method for specular
systems” must be checked in order to generate this file. For shading systems, the matrix
method will automatically be used and that box does not have to be checked to generate the

XML BSDF output file.
[=] Sample GlzSys 2l E3 |
= <WindowElementType>System</WindowElementType>
4 = <COpticalx>
g = <Layer>
& = <Material>
7 <Hame>Sample GlzSys</Hame>
8 <Manufacturer></Manufacturer>
o <Thickness unit="Meter">0.026510</Thickness>
10 <DeviceType>Other</DeviceType>
11 </Material>
12 = <Datalefinition>
13 <IncidentDataStructure>Column=<;/IncidentDataStructures
14 = <AngleBasis>
115 <ingleBasisName>LBNL/Elems (marter</AngleBasisName:
16 = <AngleBasisBlock>
17 <Theta>0.000000</Theta>
18 <nPhis>1</nPhias>
13 = <ThetaBounds>
20 <LowerTheta>0.000000</LowerTheta>
21 <UpperTheta>9.000000</UpperTheta>
22 - </ThetaBounds=s>
23 - </hngleBasisBlock>
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Generate full
spectrally-
averaged
matrix for

Spectral data

=] Sample: GlzSys xml 3

H <WavelengthDataBlock>

o

64 <WavelengthDataDirection>Transmizsion Front</WavelengthDataDirection>

65 <ColumnfngleBasis>LBNL/Klems Quarter</ColumnfingleBasis>

13 <RowAngleBasisrLBNL/Klems Quarter</RowAngleBasis>

a7 <ScatteringDataType>BTDF</ScatteringDataType>

68 = <ScatteringData>

69 7.120173, O0.00000QO0, O.OOOOOO, O.O0OQOOOO, O.O0OOQOOO, O.OOCOOO, O.OOOOOO, O.O0OOOOO, O.OOOOQOO,
70 o.ooo000, 7.601175, O.O0O000O0O0, O.O0OOQOOOCO, O.O0OOQOOO, O.OOCOCOOO, O.OOOOOO, O.O0OOOOO, O.OOOOQOO,
71 o.oo00000, O.O0OO0O0OQO, 7.601175, O.0000OCO0, O.O0OOQO0OO, O.OOCOOO, O.OOOOOO, O.O0OOOOO, O.OOOOO0O,
72 0.000000, O.0O00000, O.OOOOOO, 7.601175, O.0000CO, O.0OOOOO, O.OOOOOO, O.OOOOOO, O.O0OOOOO,
7% 0.000000, O.0O00000, O.OOOOOO, O.OOOOOO, 7.601175, O.000000, O.OOOOOO, O.OOOOOO, O.OOOOOO,
74 0.000000, O.000000, O.OOOOOO, O.OOOOOO, O.OOOOOO, 7.601175, O.0OOOOO, O.OOOOOO, O.OOOOOO,
75 o.oo00000, O.O0OO0O0OQO, O.OOOOOO, O.O0OQOOOCO, O.OOOQOOO, O.OOOCOOO, 7.601175, O.000000, O.O0OO0OOODO,
76 o.ooo0000, O.O0O0O00O0QO0, O.OOOOOO, O.O0OOQOOOO, O.OOOQOOO, O.OOOCOOO, O.OOOOOO, 7.601175, O.00000O0,
77 o.ooo000, O.O0O0O00O0QO0, O.OOOOOO, O.O0OOQOOOCO, O.OOOQOOO, O.OOCOCOOO, O.OOOOOO, O.O0OOOOO, 7.601175,
T8 o.ooo0000, O.O0O0000QO0, O.OOOOOO, O.O0OOQOOOO, O.O0OOQOOO, O.OOCOOO, O.OOOOOO, O.O0OOOOO, O.OOOOQO0O,

When these boxes are NOT checked, WINDOW®6 will display the resulting optical properties of
complex glazing systems at normal incidence for the incoming angle (horizontal to the glazing
system) and hemispherically integrated on the outgoing side. This is what is displayed in the
“Center of Glass Results” tab in the lower section of the Glazing System Library for SC, SHGC,
Tvis as well as the results in the Optical Data tab in that same section.

The two check boxes in this section will cause the program to generate results for all the angles
in the basis used for the calcuation (145 incoming and 145 outgoing angles for the WINDOW 6
Full Basis, for example), rather than just the normal incidence hemispherically integrated
results. The full matrix of results is needed for the matrix reader to give complete results.
Checking these boxes will add somewhat to calculation time, but it is not significant. Default:
unchecked.

This pulldown list allows several different options for the type of spectral data to use in the
matrix method calculations. These choices ONLY effect calculations using the matrix
calculation method, ie, for complex glazing systems. These choices do not apply to calculations
that do not use the matrix calculation method, such as glazing systems without shading
systems (unless the “Use matrix method for specular systems is checked, in which case this
choice will be used for glazing systems without shading devices). Default: Condensed spectral
data.

The choices are:

o  Full spectral data: Selecting full spectral data for a matrix calculation means that the
program will use the full set of spectral data for each glass layer and shading layers if
availabile. This choice can result in long calculation times for shading layers. Use this
choice to ensure accurate results for the Color Properties tab (although the color tab is
currently disabled for complex glazings).

e 1ISO 9050 wavelength set: This is a reduced set of spectral data wavelengths that will
be used to select the spectral data values for the glass layers and shading layers if
available. This wavelength set is documented in the technical appendix of this manual.
Use this choice to ensure accurate results for the Color Properties tab (although the
color tab is currently disabled for complex glazings).

¢ Condensed spectral data: This selection allows values to be input in the following two
input boxes for “Number of visible bands” and “Number of IR bands”. This is a
temporary feature which allows quick results. In the future, a “smart condensing”
option will be implemented to replace this.
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18.1.3. Optical Calcs

Number of
visible bands

Number of
IR bands

Angular
basis

If the “Condensed spectral data” choice is selected in the “Spectral Data” pulldown list, this
input box can be edited. Input the value for the number of wavelengths to be used in the
visible band, which is defined as wavelengths of 380 nanometers to 780 nanometers. The
wavelengths are sampled evenly across the range. Range: 5 to 500. Default: 5

If the “Condensed spectral data” choice is selected in the “Spectral Data” pulldown list, this
input box can be edited. Input the value for the number of wavelengths to be used in the
“near” infrared (IR) band, defined as wavelengths of 780 nanometers to 2500 nanometers. The
wavelengths are sampled evenly across the range. Range: 5 to 500. Default: 10.

The choices in this pulldown list define the set of angles used by the matrix method
calculation. There are currently three choices in the pulldown list:

e W6 standard basis: 145 incoming and 145 outoing angles
¢ W6 half-size: 73 incoming and outgoing angles

¢ W6 quarter-size: 41 incoming and outgoing angles

The number of angles that the matrix calculation engine calculates has a significant impact on
calculation speed, which is why the smaller basis choices have been included. The impact on
the results of the number of angles used in the calculations will depend on the properties of the
shading device, for example the angle of venetian blind slats. The matrix reader can display
results from any of these basis choices, as long as the “Generate full Spectrally-averaged Matrix
for” checkboxes (defined above) are checked. Default: W6 quarter-size.

Calculate optical results for

Optical Data | Angular Data  Color Properties  Radiance Results q w
Solar Uy

Rbvis Tsal Rfsol Rbsol Abs1 Fbs2 Tdw-K Tdw-1S0 Tuw
0.1438 0.7033 0.1280 0.1281 0.0965 0.0723 0.5380 0.7381 0.5644
uv Check this box to calculate the Tuv results in the Glazing System Optical Data results
DWW Check this box to calculate the Tdw-ISO results in the Glazing System Optical Data results
KR Check this box to calculate the Tdw-K results in the Glazing System Optical Data results
Color Check this box to calculate the Glazing System Color Properties results.

Center of Glass Results  Temperature Data  Optical Data  Angular Data || Color Properties | Radiance Results

Dominant m

Wavelength Purity L a b*
Transmitance | 049723 07 9234 188 032
Reflectance 0.48181 218 4565 -1.17 -0.84
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18. Preferences

Venetian blind calculation methods

Solar/Visible  This pulldown for the calculation methods for venetian blinds in the solar (which includes near
range IR) / visible range has the following choices (Default: Directional diffuse):

Uniform diffuse: uniform diffuse means that a uniform distribution of radiance
across all outgoing directions for a given incident direction.

Directional diffuse: directional diffuse means that there is a “beam” incident
radiation source that produces diffuse transmitted and reflected radiance. This method
takes into account individual contributions - radiosities of all parts (segments) of both
slat surfaces which are visible at a certain outgoing diection. This approach provides
better angular distribtion of the diffuse radiation.

FIR range This pulldown for the calculation methods for venetian blinds in the solar/visible range has
the following choices (Default: Directional diffuse):

Uniform diffuse: uniform diffuse means that a uniform distribution of radiance across
all outgoing directions for a given incident direction.

Directional diffuse: directional diffuse means that there is a “beam” incident radiation
source that produces diffuse transmitted and reflected radiance. This method takes
into account individual contributions - radiosities of all parts (segments) of both slat
surfaces which are visible at a certain outgoing diection. This approach provides better
angular distribtion of the diffuse radiation.

ISO 15099: This model is as described in 7.3.2.7 in ISO 15099

# of The number of segments WINDOW will use to approximate the curve in a Venetian blind

segments model.

18.1.4. Optical Data

The Optical Data tab contains settings which control where the program will find the optical data for the

optical calculations.

Options  Themnal Calcs  Optical Cales  Optical Data  Radiance

Use the following database for optical data:

C:\Users\Public\LBML\LBNL Shared“Glazing.mdb  Browse

() Optics User database
C:lUsers\PublictLBML\LBNL Shared‘UserGlazing! Browse

() 1GSDB {https://igsdb Jbl gov)

Standards File

C:\Program Files (x86/\LBML\LBNL shared"Standal  Browse

Figure 18-5. The Optical Data tab controls options for where the optical data is located.

The following settings are available on the Optical Data tab:
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18.1.4. Optical Data

Use the following  These two radio buttons control what database is opened when the Import button is
database for selected in the Glass Library:

optical data

IGDB or IGDB Update: If this option is selected (and the correct database is
defined using the Browse button), this is the database that WINDOW will
open when the Import button is used in the Glass Library, allowing the data
from the IGDB to be imported. This should also be set in order to use the
Update IGDB button in the Window Glass Library, which will automatically
update that library to the latest IGDB version that is installed.

Optics User database: If a new layer is created in Optics (such as a laminate,
applied film, coating applied to a different substrate), it is saved in the Optics
User database. Selecting this option, as well as selecting the database file using
the Browser button, will cause that file to be opened when clicking the Import
button in the Glass Library, allowing those layers created in Optics to be
imported into WINDOW.

IGSDB: The IGSDB is a web-based platform that contains the records from all
the IGDB releases. It is possible to update the Glass Library by selecting this
option, and then going to the Glass Library and clicking the Updated IGDB
button. This allows updating of the Glass Library without downloading and
installing individual versions of the IGDB.

Standards file The file (including the directory path where it is located) to be used for the optical
calculations. Default: W5_NFRC_2003.std
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18. Preferences

18.1.5. Radiance

The Radiance tab controls whether or not Radiance is enabled.

Options  Themnal Calcs  Optical Calcs  Optical Data Deflection  Updates

Figure 18-6. The Radiance tab controls whether or not Radiance is enabled.

The following setting is available on the Radiance tab:

Enable Radiance

Checking this box will allow the Radiance calculations (and generated images) to be
performed in the Glazing System Library.

In order to run Radiance, it is also necessary to install it separately from the WINDOW
installation. See the WINDOW download website for the download information
(windows.lbl.gov/window/software-download)

18.1.6. Deflection

The Deflection contains settings for the deflection calculations.

|Option5 I Themal Calcs IOpticaI Calcs I Optical Data I Radiance | Deflection | Updates

Default Initial Temperature 30 C
Default Initial Pressurs 101325 Pa
Default Atmospheric Pressure 101325 Pa

Figure 18-7. The Deflection tab sets default conditions for the deflection calculation.

The following setting is available on the Deflection tab:

Default Initial
Temperature

Default Initial
Pressure

Default
Atmospheric
Pressure

The default temperature that the program will use when calculating deflection in a
glazing system. Default: 86 (IP); 30 (SI);

The default pressure of the gas in the glazing system gap the program will use when
calculating deflection in a glazing system. Default: 14.696 (IP); 101325 (SI); Units: PSI
(IP); Pa (SI)

The default atmospheric pressure the program will use when calculating deflection in
a glazing system. Default: 14.696 (IP); 101325 (SI); Units: PSI (IP); Pa (SI)
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18.1.7. Updates

18.1.7. Updates

The Updates tab contains settings about how program updates are displayed.

Options  Thermal Calcs  Optical Calcs  Optical Data  Radiance Deﬂection

Check for updates

O Every fime program epens
O Every 3 days
(O Never
Motify when there are updates for
© Eventhing
() Only
beta
NFRC

General releaszes

[ Anonymous Updates

Figure 18-8. The Updates tab controls when update information is displayed.

The following settings, which control when notifications about program updates are displayed, are available

on the Updates tab:

Check for Updates

Notify when there
are updates for

Anonymous
Updates

Specify the frequency that the program will check the WINDOW website to see if there

are program updates available:

¢ Every time program opens
e Every X days: specify the number of days between checks

e Never: never check for updates

Specify what information to get notifications about

e Beta: Beta versions of the software
e NFRC: Versions of the software that pertain to NFRC

¢ General releases: any new release of the software

If this is checked, no data is tracked, to conform with the GDPR rules.
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19. Modeling Center-of-Glazing with WINDOW

19.1. Overview

The WINDOW program calculates the center-of-glazing U-factor (U.), Solar Heat Gain Coefficient (SHGC.),
Visible Transmittance (VT), and Condensation Resistance (CR) indices according to the ISO 15099 standard
and NFRC standards. Calculating to the EN/ISO 10077 and associated standards is also available but they are
not the default settings.

The procedure for calculating the center-of-glazing U-factor in WINDOW is as follows:

® Create a glazing system for the product to be modeled, which is composed of entries from the
appropriate libraries. Select layers from the following libraries, depending on what is being modeled:

o Glass
o Shading Layer
o Gap
o VIGGap
®  Specify the Environmental Conditions based on the desired standard

= (Calculate the results

If desired, you can import the glazing system into the THERM program to calculate the frame and edge
properties, and then import those results back into the WINDOW Frame Library, which can then be used to
define a whole product in the Window Library.

This section shows how to create various types of glazing systems, including

= Deflection: show the effect on glazing systems when they are exposed to atmospheric pressure that is
different than the pressure in the gap

® Vacuum glazing: glazing systems that have a vacuum in the gap between layers
® Chromogenic glazing: glazing systems that are comprised of chromogenic layers that change state
depending

® Radiance results: run a simple Radiance model on a glazing system
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19.2. Create a New Glazing System 19. Modeling Center-of-Glazing with WINDOW

19.2. Create a New Glazing System
There are several methods for making a new glazing system
From the List view:

e (Click the New button to make a new record with the name Default, and all the values based on
the default settings

or

e Highlight and existing record and click the Copy button to make a copy of that record with the
same name but a new ID

From the Detail view:

e (lick the New button to make a new record with the name Default, and all the values based on
the default settings

or

¢ Move to the desired record (either from the List view or using the record navigation buttons) and
click the Copy button to make a copy of the current record.

19.2.1. Create a Glazing System using Copy from the List View

To create a new glazing system from the List view using the Copy button, follow these steps:

* In the Glazing System Library List View, copy an existing record by highlighting the record to be copied
and clicking on the Copy button.

*  Click on the Detailed View button to edit the glazing system information as needed, including the Name.

* Save the record using the Record/Save menu (or Alt-S).
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19. Modeling Center-of-Glazing with WINDOW 19.2. Create a New Glazing System

Step 1: Step 3:
Highlight the record to be copied by WINDOWS will automatically assign a unique ID for the new Glazing system. A
clicking on the {ecord. different ID number can be typed, as Io'ng as it is unique.
D@H XER E[E: (> Bael O#iaAV% 2
Glazing System Library (C:\Users'Public\LBMLYWINDOWS. 1w & mdb) /
Detailed View
Cale D Name / Lfy‘f:ﬁ Mode | Tit
MNew I
x 1 Single Clear 1 = a0
St.ep 2. —71 > Comy N m
Click on the Delete 3 Double Low-s Air o Lif a0
Copy button tg .
copy the Find 4 Double Clear with Argon . Adding a record... P u
hichlich ] v & Trple Clear ]
re?:org. ted 7 Double high solar gain low-e o |]
8  Sample GlzSys . cancel |]
Advanced... 10 Double low-e (air) - deflected | 0
6 records found. 11 Triple low-e (argon) - deflected | IDfornew 16 D
15  Double Clear Air - |]
Impart | |
20 Double low-e {argon) with ext. ¢ [:]Dverwrite existing records o
Export 1) Double low- (argon) with int. b : _,4]
Report 11  Double low- (argon) with inbetween horiz. VB (45 deg) 3 H o0
Print 12  Double low-e {argon) with ext. horiz. VB (45 deg) 3 H a0
11 Double low-e {argon) with ext. vertical VB {0 deg) 3 iz 90
Figure 19-1. Use the C button to copy an existing record to a new record.
Step 5:
Click on the DeEailed View button to copy the highlighted record.
Eile Edit Libraples BRecord Tools Miew Help
D@ /e & [E: >y Baell; O#7@aAY% %
d Glazing System Library (C:\Users\Public\LBNLWWINDOWE 1'w8 mdh)
Cale D Name oo | Mode | Ti
Hew
1 Single Clear 1 H o0
Copy 2 Double Clear fir 2 H o0
Delete 3 Double Low-e Ar 2 H 90
Find 4 Double Clear with Argon 2 H o0
D e 5 Trple Clear 1 H 90
7  Double high solar gain low-e 2 H o0
2  Sample GlzSys 2 H o0
Advanced... 10 Double low-e (air) - deflected 7 # 90
97 records found. 11 Triple low-e (argon) - deflected k1 H 90
import 15  Double Clear Air 2 H o0
r Double Clear Air 2 H m]
Export ) 20 Double low-e (angon) with ext. perforated screen 1 H o0
Report 30  Double low-e {argon) with int. horiz. VB (45 deg) 1 H 90
Print 11  Double low-e (argan) with inbetween hariz. VB (45 deq) 1 H 90
17  Double low- (angan) with ext. horiz. VB (45 deq) 1 H o0
/

Step 4:
Make sure the new record is highlighted, then either click on the Detailed View button to make changes to
the new record, or double click on the highlighted record.

Figure 19-2. Highlight the newly copied record and click on the Detailed View button.
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19.2. Create a New Glazing System

19. Modeling Center-of-Glazing with WINDOW

Type a new name for the
glazing system.

When the Detailed View is first opened, all the
fields will be identical to the copied record.

[D#;lﬁ\’ Mame: Double Clear Air
Use the up/downarrowsto | —— . , Tt 90 ° IGHeight: 1000.00 mm
add or delete glass layers. Environmental e
/1 Conditions: NFRC 100-2010 ~  IG Width: 1000.00 mm

Click on the pulldown list / Comment:
arrow to select the desired
record from the Overall thickness: 23.430 mm Mode: # 1 2
Environmental Conditions
lihrarv
Click on the Select arrows to |
pick a new glass layer from T D Mame Mode| Thick | DCenter |Fip| Tsol | Rsoll | Rsol2 | Twis | Rwis1 | Ry
the Glass Library. '\Glassﬁn 103 CLEAR_G.DAT H 57 |:| 071 | 0070 0070 0884 0080 O

- Gap 1 k» 1 Air 120

v Glass 2 v 1 CLEAR_G.DAT 57 [llo771 | 0070 0070 08834 0080 O

\ The Select screen displays the records from the Glass Library.

Lo . . 57 Select
Highlight the desired glass library record, ==
then click on the Select button to use itin ! [selat | Cancel Find ID - 6497 records found.
the glazing system.
D MName ProductName Manufacturer Source  |Mode| Color|
5359 VUET40.vir VUE-40 on Azuria ‘iracon IGDBv18.2 #
6361 VUET140.vir VUE-40 on Arctic Blue ‘iracon IGDBv18.2 #
N '-,-'UEmn.uir VUE-40 on Clear
6363 WRE24-336VIR | VRE3B on Optivhite Viracon IGDB v1020 #
6364 WRE24-33-10VIR | VRE3B on OptiWhite Viracon IGDB v1020 #
D 16 Name:| Double Green Low-e
# 2 Tilt 30 ® IGHeight: 1000.00 mm
Environmental e ]
s MFREC 100-2010 ~  IGWidth: 1000.00 mm
Comment: :
Overall thickness: 23,375 mm Mode: 7 1 Z
IIZ* Mame Mode| Thick | DCenter |Hip| Tsol | Rsoll | Rsol2 | Twis
- 6362 VUE140.vir # &7 o188 0265 0542 0449
- Gap 1 ¥¥ 1 Air 120
- Glass 2 »» 103 CLEAR_B.DAT # &7 Cje771 | 0070 0070 0.834

When all the changes have been made to define the new glazing system, click on the Calc button and

the results will be updated

Figure 19-3. Editing the Glazing System characteristics in the Detailed View.
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19. Modeling Center-of-Glazing with WINDOW 19.2. Create a New Glazing System

The Center of Glass Results tab at the bottom of the screen shows the results for the glazing system. The U-
factor results are based on a default glazing system height of one meter. This center-of-glazing U-factor value
will be recalculated in the Window Library to reflect the true height of the product being modeled.

I= D 16 Mame: Double Green Low-g
7 2 : Tilt: 90 ® IGHeight: 1000.00 mm
MNew Environmental " C \
ew Conditions: FRC 100-2010 IG Width:  1000.00 mm
Copy Comment: :
Delete 1
Overall thickness: 23.375 mm Mode: # 1 2
Sawve B
Report
Radiance
D MName Meode| Thick | DCenter |Fiip| Tsol | Rsoll | Rsol2 | Tvis | Rvis1 | Rwis2 | Tir El EZ2 | Cond
- 6362 VUE14D.vir # 57 [Jjo0188 0265 0542 0449 0138 0.093 0000 0.840 0031 1.000
- Gap 1 »» 1 Air 120
- Glass 2 »» 103 CLEAR_B.DAT # 57 [Jjo771 0070 0070 0.884 0080 0.0820 0000 0.840 0840 1.000
Center of Glass Results  Temperature Data  Optical Data  Angular Data  Color Properties  Radiance Results
Wfactor 5C SHGC Rel. Ht. Gain Tvis Keff Layer 1 Keff Gap 1 Keff Layer 2 Keff
W/m2-K Wim2 Wim-K Wim-K Wim-K Wim-K
0.255 0.222 173 0.401 0.0541 1.0000 0.0285 1.0000
Figure 19-4. The Center of Glass results are shown at the bottom of the Glazing System Detail View.
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19.2. Create a New Glazing System 19. Modeling Center-of-Glazing with WINDOW

All the Glazing System Library records can be seen in the List View, accessed by clicking the List button
from the Glazing System Library Detailed View.

File Edit Libraries Record Tools View Help

b= BEE Boell O#7@aAY% ?
Glazing System Library {C:\Users*PublictLBML\WINDOW 8. 1w mdb)
Detailed View
Calc D Name oo | Mode| Tw | Evonmertal | _Bwerdl | Uva SHGC | Tis
New mm Wim2-K
1 Single Clear 1 # 50  NFRC 100-2010 305 5913 0.861 0.859
Copy 2 Double Clear Ar 2 # 90 NFRC 1002010  23.43 2703 0704 | 0786
Delete 3 Double Low-e Air 2 # 50 NFRC 100-2010 23N 1.865 0.630 0.735
=] 4 Double Clear with Argon 2 H 90 NFRC 100-2010 18.80 2576 0.764 0.814
D - 5 Trple Clear 3 # 50 NFRC 1002010 4255 1.744 D617 0.703
7  Double high solar gain low-e 2z i g0 NFRC 100-2010 25931 1935 0636 0,741
g  Sample Glz5ys 2 # 50  NFRC 100-2010 2593 1.935 D.686 0.741
Advanced... 10 Double low-e (air) - deflected 2 " 50 NFRC 100-2010 2145 1.661 0.362 D632
6 records found. 15  Double Clear Air 2 # 50 NFRC100-2010 2343 2703 0704 0,736
impot 16  Double Green Lowe 2 # 50 NFRC 100-2010 2338 1.651 0222 D.401
20  Double low-e {angon) with ext. perforated screen 1 # g) NFRC 100-2010 2483 2742 0,094 0.062
Export 30  Double low-e {argon) with int. horiz. VB {45 deg) 3 # 50 NFRC 100-2010 4219 3.391 0.264 0.146
Report 31  Double low-e (angon) with inbetween horiz. VB (45 deg) 3 # g0 NFRC 100-2010 1902 3.348 0.29 0.15%
Print 12  Double low-2 (angon) with ext. haoriz. VB (45 deg) f H g0 NFRC 100-2010 7811 2554 0.147 0112
11 Double low-e (angon) with ext. vertical VB (0 deg) i g0 NFRC 100-2010 10043 3164 0478 0610

A “#” in the Mode field indicates that all the glass layers in
the glazing system are NFRC approved. The exception is that
laminates and applied films imported from the Opticsé User
database will not have a “#”.

Figure 19-5. The List View of the Glazing System Library shows all the glazing systems.
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19. Modeling Center-of-Glazing with WINDOW

19.2. Create a New Glazing System

19.2.2. Create a Glazing System with a Shading System

To model a glazing system with a shading system, specify that the layer is a Shade, which then allows

selection for that layer from the Shading Layer Library. The shading layer can be put on the outside or inside
of the glazing system, or between two of the glass layers. It is possible to model multiple shading systems in

one glazing system.

To add a shading layer to the glazing system, select “Shade or frit” from the pulldown list on the left hand
side of the layer table.

The double arrow to the left of this option will then display all records in the Shading Layer Library

] Shade or frit

Figure 19-6. To select a shading layer, select “Shade or frit”

B Select

Cancel Find

D ~ 821 records found.

2500
3000
aom
ooz
3003
3004
3005
3500
4000
6000

Mame

Haorizon 90 Mesh, Grey,/Grey

Slim White VB Closed

Slim White VB 45

Slim White Open

Slim Marine Closed

Slim Marine 45

Slim Marine Open

Dickson Qrchestra #0681 Dune
Uniview Charcoal

Hexcel ScreenZ (52) 3%, White Pearl

ProductName Manufacturer

Horizon 90 Mesh Grey/Grey  Molan.UDA

Slim White Venetian Blind Pella

Slim White Vienetian Blind Pella

Slim White Vienetian Blind Pella

Slim Marine Blue Venetian Bline Pella

Slim Marine Blue Venetian Bline Pella

Slim Marine Blue Venetian Bline Pella

Dickson Orchestra #0681 Dun Goodear and Bailey
Uniview Charcoal Uniline

Hexcel Screen2 (52) 3%, White Mysan

Type

BSDF
Venetian (horizontal)
Venetian (horzontal)
Venetian (horzontal)
Venetian (horzontal)
Venetian (horzontal)
Venetian (horizontal)
BSDF
BSDF
BSDF

Figure 19-7. Click the double arrow to the left of the ID column and the records from the Shading Layer Library are displayed.
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19.2. Create a New Glazing System 19. Modeling Center-of-Glazing with WINDOW

The desired shading layer can be selected and it will be added as a layer in the glazing system. The graphic of
the glazing system will show the shading layer with diagonal stripes.

D% 205 Mame: Double Clear with In Between Venetian Blind 45 Deg
# 3 iz 90 ° IGHeight: 1000.00 mm
Environmental i
Conditions: NFRC 100-2010 ~ 1G Width:  1000.00 mm
Comment:
Overall thickness: 26.036 mm Mode: #
D Mame Mode |/Thick | DCenter |Flip) Tsol | Rsoll | Rsol2 | Twiz | Rwisl | Rvis2 | Tir E1 E2 | Cond
@ Glass 1 »» 102 CLEAR_3DAT 30 [J]0434 0075 0075 0899 0033 0083 0.000 0340 0340 1.000
@ Gap 1w 1 Ar 15 10.000
- Shade 2 »r 21 Dark Blue Blind 24 mm slat at 45 degrees 17.0
- Gap 2 » 1 Ar 15 10.000
102 CLEAR_3DAT # 30 [J]0434 0075 0075 0.899 0033 0083 0.000 0.240 0840 1.000

Figure 19-8. The selected shading layer will now be defined for that layer in the Glazing System.

To complete the definition of the shading system it is necessary to define how the shading layer relates to the
frame it will be sitting it, in terms of the distances from the top, sides and bottom. These values are called

= Dtop

"  Dbot

® Dright

= Dleft

1D Mame Mode| Thick | DCenter |Flip| Rvis2 | Tir = E2 | Cond | Dtop (mm) | Dbot (mm) | Dright {mm}) | Dleft {mm)

- Glazz 1 »» 102 CLEAR_3DAT H 30 | 0083 0000 0.840 0840 1.000
- Gap 1 ke 1 Air 15 10.000
v | Shade2 »» 21 Dark Blue Blind 24 mm slat at 45 degrees 170 0.000 0.000 0.000 0.000|
- Gap 2 »» 1 Ar 15 10.000
~[ Glass3ire 102 CLEAR_3DAT # 30 [J| 0.083 0000 0840 0840 1.000

Figure 19-9. Define Dtop, Dbot, Dright, and Dleft for the shading system.
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19. Modeling Center-of-Glazing with WINDOW 19.2. Create a New Glazing System

Section 19, there are extensive descriptions about how to define this relationship depending on the type of
shading system being modeled. Below is one example of how these values would be defined for a specific

shading system case. See Section 19 for more details.

—

glazing
Shade

' ‘ ' Dleﬁ ! ' Drighr.

Figure 19-10. Perimeter gap widths between frame and shade with continuous hardware. The figure illustrates a roomside shading
system, but the defined gap distances apply to all shade locations (roomside, outside, and between-glass).

19-9
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19.2. Create a New Glazing System 19. Modeling Center-of-Glazing with WINDOW

19.2.3. Create a Glazing System with a Diffusing layer

Diffusing glass layers are found in the Shading Layer Library and have Type = Dir/Dif File.

G.Iass
Shade or frit

Figure 19-11. To select a shading layer, select “Shade or frit”

The double arrow to the left of this option will display all records in the Shading Layer Library, which will
include any diffusing layers defined there.

B Select

Cancel Find D ~ 821 records found.

D Name ProductMame Manufacturer Type
E4519 136 SG_WHTES 13.6 SG_WHTES Cardinal Glass Industries  Dir/Dif File
54520 136 SG_WHTE0 13.6 SG_WHTSD Cardinal Glass Industries  Dir/Dif File
54521  13.8 E366 SG_WHTSD 13.8 E366 SG_WHTS0 Cardinal Glass Industries  Dir/D¥ File
E5000  PAVIA acid etch (back) on Clear 3mm FAVIA acid etch (back)on Clear 3mm | Vitro formerdy PPG Dir/Dif File
55001  PAVIA acid etch (back) on Clear 6mm PAVIA acid etch (back)on Clear 6mm | Vitro formerdy PPG Dir/Dif File

Figure 19-12. Click the double arrow to the left of the ID column and the records from the Shading Layer Library are displayed, which
include any layers defined as diffusing, with Type set to Dit/Dif File.

The desired fritted layer can be selected and it will be added as a layer in the glazing system.

D #: 206 Mame: PAVIA Etch Starfire
# 2 : Tilt: 90 ° IGHeight: 1000.00 mm
Environmental . -
Contitions: NFRC 100-2010 ~  IGWidth: 1000.00 mm é
Comment: /
7
Owverall thickness: 21.283 mm Mode: # 1 2
D Name Mode| Thick | DCenter |Fip| Tsol | Rsoll | Rsol2 | Twvis | Rvis1 | RvisZ | Tir
- Shade 1 #» 55004 PAVIA acid etch (back)on STARPHIRE 6mm H 57
- Gap 1w 1 Air 9.8 12.700
- Glass 2 ¥ 103; CLEAR_G.DAT # 57 COjo771 0070 0070 0884 0030 0.080 0.000

Figure 19-13. The selected fritted layer will now be defined for that layer in the Glazing System.
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19. Modeling Center-of-Glazing with WINDOW

19.2. Create a New Glazing System

19.2.4. Create a Vacuum Glazing System

Modeling a vacuum glazing system requires that a vacuum “gap” be defined in the VIG Gap Library, which

can then be selected as a layer between two pieces of glass.

In the example below, the gap for the double glazed system is referencing a record in the VIG Gap Library for

a record representing cylindrical pillars in the gap.

D= 104 Mame: Double Clear Low-e
# 2 : Tilt: 30 ® IGHeight: 1000.00 mm
Environmental .
Tt NFRE 100-2010 ~ | IGWidth: 1000.00 mm
Comment:
Overall thickness: 6.296 mm Mode: # 12
1D Name Mode| Thick | DCenter |Flipl Tsol | Rsoll | Rsol2 | Tvis | Rvis1 | RvisZ | Tir E1 EZ2 | Cond
- 102 CLEAR_3.DAT # 30 [los34 0075 0075 0899 0083 0083 0000 0840 0340 1.000
| VIGGap 1 v 2 Cylindrical, Ceramic 0.2 Il
- Glass 2 »» 102 CLEAR_3.DAT # 30 [los34 0075 0075 0899 0083 0083 0000 0840 0840 1.000

Figure 19-14. For a vacuum glazing system, the Gap layer is defined in the VIG Gap Library.

Here is the definition in the VIG Gap Library for that vacuum gap. See “Section 17. VIG Gap Library” for

details about defining a vacuum gap.

ID# 2
MName: Cylindrical, Ceramic
Gap Gas Pressure: 1.000 mlaorr Model-based
Residual Gas and Pillar Conductance (C*): 2.454 Wim2+ Measured Gap Conductance
Fillar Properties
Thermal Conductivity:  4.000 WK Geometry: Cylindrical Pillar array type: Square
Height (h): 10.200 mm Pillar spacing (Sp): 20.000 mm
Contact radius (r):  0.500 mm )
- - -
- - L
- - -
L L] L S p

Figure 19-15. An example VIG Gap Library record defined as a vacuum.
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19.2. Create a New Glazing System

19. Modeling Center-of-Glazing with WINDOW

19.2.5. Create a Chromogenic Glazing System

There are several chromogenic glass layers in the Glass Library, both electrochromic and thermochromic,
which can have several different “states”.

View is one example of an electrochromic manufacturer, but there are others in the Glass Library. See the
WINDOW Knowledge Base website (under Chromogenics) to see the list of chromogenic layers in

WINDOW.

Glass Library (C:\Users®Public LBNL\WINDOWE. 1%w8 mdb)

D Mame ProductMame
4600 View_bmm_T52.vdg View_6Gmm_T52
4609 View_b6mm_T005.vdg View_&mm_T005

Manufacturer

View

View

Source

IGDBv30.0 #
IGDBv30.0 #

Mode| Color| Thickness

mm
5.750

[ RGN

Figure 19-16. There are several chromogenic layers in the Glass Library.

Looking at the detail view of the layer, it is possible to see the characteristics of the different states

Glass Library

ID#: 4600 Thickness:

MName:

View_6mm_T52.vdg

5750 mm

Product Mame:  View_&mm_T52

Manufacturer:  View

Type:  Electrochromic
Conductivity 1000 wWim+
Light
Tvis | 0.593 0.460
Color:
Solor
Trans, Front (Tsol): 0.349 0.254
Trans, Back (Tsol2): 0.349 0.254
Reflect, Front (Rsol1): 0.096 0.088
Reflect, Back (Rsol2): 0.138 0134
Visible
Trans, Front (Twis): 0.593 0.460
Trans, Back (TwisZ): 0.593 0.460
Reflect, Front (Rvis1): 0,101 0.084
Reflect, Back (Rvis2): 0.126 0.114
IR
Trans (Tir): 0.000 0.000
Emis., Front (Emis1): 0.840 0.840
Emis., Back (Emis2): 0.133 0.135

0342

0178
0178
0.085
03

0342
0342
0.073
0,107

0.000
0.840
0.135

0.226

0112
0112
0.081
0132

0.226
0.226
0.064
0.103

0.000
0.840
0.135

0170

0.082
0.082
0.079
0130

0170
0170
0.061
01

0.000
0.840
0134

Figure 19-17. The Glass Library Detail View shows the properties of the different states for chromogenic layers.
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19. Modeling Center-of-Glazing with WINDOW 19.2. Create a New Glazing System

When an electrochromic layer is used in a glazing system, the program automatically creates two tabs in the

glazing system layer construction section, one which displays the glazing system in the “Light” state, and the
other in the “Dark” state.

D= 104 Mame: View Electrochromic
# 2 : Tilt: 90 ° IGHeight: 1000.00 mm
Environmental . ]
Conditions: MNFRC 100-2010 o 1G Width:  1000.00 mm E
Comment: ;
Overall thickness: 21,498 mm Mode: # [ Model Deflection 1 2

[CJUse switching Parameter

Light  park
D Name Mode| Thick | DCenter |Flip| Tsol | Rsoll | Rsol2 | Twis | Rwis1 | Rwis2 | Tir E1l E2 | Cond
- Glass 1 »» 4600 View_6mm_T52.vdg # 58 [Jjo345 009 | 0138 0593 0101 0126 0.000 0840 0133 1.000
- Gap 1 ¥ 1 Air 127
- Glass 2 #»» 102 CLEAR_3.DAT # 30 [Jjos34 0075 0075 0899 0.083 0083 0000 0840 0.840 1.000
Figure 19-18. The Glazing System “Light” tab shows the electrochromic layer in the lightest state.
D% 104 Mame: View Electrochromic
# 2 : Tilt: 20 * IGHeight: 1000.00 mm
Environmental .
Conditians: NFRC 100-2010 b IG Width:  1000.00 mm
Comment:
Overall thickness: 21,498 mm Mode: # [CIModel Deflection 1 2

[ Use switching Parameter

Light ~Dark
D Name Mode| Thick | DCenter |Flip| Tsol | Rsoll | Rsol2 | Twis | Rvis1 | Rvis2 | Tir El E2 | Cond
- Glass 1 »+ 4608 View_Bmm_T01.vdg # 53 [Jjoo0s 0084 0134 0010 0066 0109 0000 0.840 0134 1000
- Gap 1 #r 1 Air 127
hd Glass 2 »» 102 CLEAR_3.DAT H 30 [J]o0834 0075 0075 0899 0083 0083 0000 0.840 0.240 1.000
Figure 19-19. The Glazing System “Dark” tab shows the electrochromic layer in the darkest state.
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19.2. Create a New Glazing System

19. Modeling Center-of-Glazing with WINDOW

For an electrochromic layer, the program reports the results based on the different states of the glass layer
based on the switching parameter, which in this case is Visible Transmittance (Tvis).

ID #: 50 Wame: Sage Green
# Lapers: 2 ~ Tit a0 * |G Height:  1000.00 mm
Environmental - )
Do o NFRE 100-2010 v IGWwidh 100000 mm :
Commert: .
Owerall thickness: 2440000 mom Mode: # [ Model Deflection 1 2
[ Use switching Parameter
Light | Dark
[n] Mame Mode| Thick |Flip) Tsol | Rsoll | Rzol2 | Twis | Rwisl | Rwis2 Tir E1 E2 Cond Comment
- Glazs 1+ B915 SageGlass 9 Green 45 # 87 [J|0202 0047 0124 0550 0052 0035 0000 0840 0140 0727
Gap1 »»r 1 Air 127
@ Glass 2 w102 CLEAR_3.DAT # 30 [Jjos34 0075 0075 0899 0033 0083 0000 0840 0.840 1.000
Center of Glass Results I Temperature Data | Optical Data I Angular Data | Color Properties I Fadiance Results | Dynarnic Properties
Switching Paramater Syztem Properties
Layer Twis Tsol bl Abs2 Fifzol Rbsol Twis Rifviz Rbwis SHGC
0.550 0185 0.754 0.007 0.055 0160 0.496 0.078 0111 0273
[Reic)] 0.073 0.879 0.002 0.046 0153 0.209 0.0s2 0.096 0172
0180 0.050 0.903 0.001 0.045 0153 0144 0.050 0.094 0152
0.079 0.026 0.931 0.001 0.043 0143 007 0.046 0.091 0130
0.008 0.003 0.953 0.000 0.045 0133 0.007 0.048 0.091 0109
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19. Modeling Center-of-Glazing with WINDOW 19.2. Create a New Glazing System

For a thermochromic layer, where the states are determined by glass temperature, the program reports the
properties of the glazing system depending on temperature under the Dynamic Properties tab (which only
appears when a chromogenic layer is used in a glazing system).

Checking the “Use switching Parameter” allows you to enter a specific temperature value, which the program
will then report, along with the other states, in the results section.

D #: 54 Mame: Thermochramic Azuria 12 mm
# Layers: 2 ) 907 IGHeight 100000 mm
Ervironmental e
Conditians: | NFRC 100-2010 v] 1G *idth:  1000.00 mm
Comment:

J

Check the “Use switching Parameter”
Overall thickness: 27.70000  mm Mode: [] Model Deflection 1 2 box in order to enter a specific
temperature for the program to
calculate the results for

[¥] Use switching Parameter  Value: Fa423 C o«

D MHame Mode| Thick |Flipl Tsol | Rsoll | Rszal2 | Twiz | Rwisl | Rwis2 | Ti E1 E2 | Cond Comment
- Glass 1» 30020 ThermochromicZ_24.LBI 120 [J|0229 0045 0054 0545 0055 00E5 0000 0.840 0840 1.000
Gap1 m» 1 i 127
@ Glags 2 »» 102 CLEAR_2DAT # 30 [Jjos34 0075 0075 0893 0023 0083 0000 0840 0840 1.000

Center of Glass Hesultsl Temperature Data | Optical Data | Angular Data | Color Properties | Radiance Results | Dwnamic Properties

Switching Paramater System Properties
Layer Temp Tzol Absl Abs2 Rifzal Rbzal Triz Rifvis Rbwiz SHGC
24.000 0.203 0.833 0.005 0.054 0113 0,433 0.080 0135 0.337
34.000 0169 0773 0.00a 0.050 o2 0.336 0.068 0132 0.310
48.000 0102 0.848 0.008 0.044 0110 0.208 0.049 0125 0.256
E4.000 0.04a 0.906 0.004 0.042 0109 0.064 0.043 0122 n.z12
7E.000 0.029 0.926 0.003 0.042 0108 0.021 0.042 0121 0.196
59,423 5 0.0&0 0.893 0.005 0.042 0109 0.094 0.044 0123 0.222

T

The value entered when “Use
switching Parameter” is checked will
be added to the table of results for the
different temperature states

Figure 19-20. The Glazing Systems Library results for thermochromic layers show the properties at each state.
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19.2. Create a New Glazing System

19. Modeling Center-of-Glazing with WINDOW

19.2.6. Coatings

The location of coatings on a glass layer can affect the center-of-glazing U-factor and therefore the whole
product calculation, so it is important to specify the location correctly. When using a glass entry from the
WINDOW Glass Library, if the coating is not on the correct surface, the glass layer shall be flipped. To flip a
glass layer, while on a glass layer in Edit mode, click on the Flip checkbox, and the glass surfaces will be
flipped, as indicated by the dashed line in the graphic display of the glazing system.

oz 7 Mame: Double high solar gain low-e
F 2 Tilt: 90 ° IGHeight: 1000.00 mm
Environmental 3 1
o MFRC 100-2010 o IG Width:  1000.00 mm '
Cg”d'm”:' - ' Coating is on
omment: [ .
d the inside of the
' glass layer.
Overall thickness: 25.933 mm Mode: # "] Model Deflection 1 2
D MName Mode| Thick | DCenter |Flip| Tsol | Rsoll | Rsol2 | Twis | Rvis1 | Rwvis2 | Tir El E2 | Cond
- Glass 1 ¥ 5803 CLEARSGLOF # 47 CJjo79 0074 0074 0832 0082 0082 0000 0840 0840 1.000
- Gap 1 rr 1 Air 16.5
- Glass 2 #» 5523 LOW-E 5LOF # 47 [Jjos7s 0117 0105 0826 0115 0.109 0.000 0.158 0.240 1.000
Click on the Flip checkbox and the glass layer will be
flipped so that the coating is on the outside of the glass
layer. N
o 7 Mame: Double high solar gain low-e \
%= 2 Tilt: 90 ° IGHeight: 1000.00 mm
Environmental e ]
Conditions: MNFRC 100-2010 o IG Width:  1000.00 mm :
Comment: :
Overall thickness: 25.933 mm Mode: # ) Model Deflection 1 2
D MName Mode| Thick | DCenter \|Flip| Tsol | Rsoll | RsolZ2 | Tvis | Rwis1 | Rvis2 | Tir E1l EZ2 | Cond
- Glass 1 »» 5803 CLEARS.LOF # 47 o079 0074 0074 0832 0082 0082 0000 0840 0840 1.000
- Gap 1 »r 1 Ar 16.5
- Glass 2 v 5923 LOW-E_5LOF # 47 X{0676 0105 0117 0826 0109 0115 0000 0.840 0158 1.000

Figure 19-21. Use the Flip checkbox to flip the coatings on a glass layer.
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19. Modeling Center-of-Glazing with WINDOW

19.2.7. Laminated Glass / Applied Films

If a laminated glass or applied film was created in Optics and imported into the WINDOW Glass Library
from the Optics User Database, those layers can be used in a glazing system.

They are treated as any other glass layer, by selecting them from the Glass Library in the layer construction
section of the Glazing System Library.
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20. Total Product Calculations

20.1. Overview

Total products are defined in the Window Library, where the following components are brought together to
define the window:

®  Frames (head, sill, jambs, meeting rails, etc) are selected from the Frame Library
= Dividers (if applicable) are selected from the Divider Library

® Glazing systems (with or without shading systems, vacuum glazing, chromogenic glazing, etc) are
selected from the Glazing System Library

When all these components are defined, the program can calculate standard performance metrics for the
entire window, which will include the frame and edge effects.

WINDOW determines the total product U-factor according to NFRC 100 and ISO 15099 by calculating an
area-weighted average of the U-factors of the product components and accounting for product height:

® Frame and edge values for each cross section (frames and dividers) calculated in THERM: The U-
factors are area-weighted based on the projected area on a plane parallel to the glass (the Projected in
the Glass Plane choice in the THERM U-factors dialog box), not the total surface area of the frame
and edge.

= Center-of-glazing values from WINDOW

WINDOW calculates the total product area-weighted solar heat gain coefficient (SHGC) and visible
transmittance (VT) according to the NFRC 200 procedures and the total product Condensation Resistance
(CR) according to the NFRC 500 procedures.

WINDOW cannot calculate the total product area-weighted properties for some fenestration products. These
include entry doors and Vehicular Access Garage/Rolling Doors. For these cases, a spreadsheet can be used
to calculate the total product area-weighted values.
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20.2 Center of Glass 20. Total Product Calculations

20.2 Center of Glass
Chapter 19 contains detailed information about calculating the center-of-glazing U-factors.

Access the Glazing System Library List View either from the Libraries/Glazing System menu, by clicking
on the Glazing System Library toolbar button, or by pressing F5.

File Edit Libraries Record Tools View Help
=3 EE Mo e[l O#7a@aAV% ®
Glazing System Library (C:*\Users\PublichL BNL\WINDOWS.1%w8 mdb)
Detailed View
Cale D Name ool [Mode| T | Fluetmertal | Owls | Ul SHGC | Tvs
MNew mm Wim2-K

1 Single Clear 1 H 50  NFRC 100-2010 3.05 5513 0.861 0.859
Copy 2 Double Clear Ar 2 # s NFRCT002010 2343 2703 0704 0786
Delete 3 Double Low-e Air 2 # 90  NFRC 100-2010 231 1.865 0.630 0.735
Find 4 Double Clear with Argon 2 # g0 NFRC 100-2010 12.80 2576 0.764 0.814
D W 5  Trple Clear 3 H 50  NFRC 100-2010 4255 1744 0617 0.703
7  Double high solar gain low-e 2 # g0 NFRC 100-2010 2593 15938 0.686 0.741
g  Sample Glz5ys 2 # 90  NFRC 100-2010 2593 1538 0.686 0.741
Advanced... 10  Double low-e (air) - deflected 2 # 50 NFRC 100-2010 2145 1.661 0.362 0.682
28 records found. 15  Double Clzar Air 2 # 50 NFRC 100-2010 2343 2703 0.704 0.736
import 16  Double Green Low-e 2 # g0 NFRC 100-2010 2118 1651 0.222 0.401
30  Double low-e (@rgon) with int. horiz. VB (45 deg) k # gp) NFRC 100-2010 4719 1932 0.296 0178
Export 31  Double low-e (@rgon) with inbetween horiz. VB {45 deg) 3 # g0 NFRC 100-2010 15.02 4953 0.310 0.193
Report 32  Double low-e (argon) with ext. horiz. VB (45 deg) 3 =4 g0 NFRC 100-2010 7811 2570 0.164 0.134
Prirt 33 Double low-e (argon) with ext. vertical VB (0 deg) 3 # g0 NFRC 100-2010 100.43 2995 0.533 0672
40  Double low-e (argon) with ext. woven shade, 3% opennes k # gp) NFRC 100-2010 2523 2640 0.093 0.021

Figure 20-1. WINDOW Glazing System Library.

The U-factors shown in the Glazing System Library are based on a one meter default height (set in the
File/Preferences menu, Options tab). When these glazing systems are used in whole products, in the
Window Library, the center-of-glazing U-factors will be recalculated based on the actual product height
specified in the Window Library. Therefore, the U-factors in the Glazing System and Window Libraries will
usually be slightly different.
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20. Total Product Calculations 20.2 Center of Glass

D% 8 Mame: Sample GlzSys
# 2 : Tilt: 90 ® IGHeight: 1000.00 mm
Environmental e 1
Conditions: NFRC 100-2010 i IG Width:  1000.00 mm E
Comment: :
; Options | Themal Calcs | Optical Calos | Optical Data
Overall thidkness: 25.933 mm Mode: # L:]Model Deflection 1 2 Localization
Unit system @1 i@ Sl
Language choice | English d
ID MName Mode| Thick | DCenter |Flip| Tsol | Rsoll | Rsol2 | Tvis
- Glass 1 »» 5803 CLEAR5.LOF # 47 o7 0074 0074 083 Misc. options
- Gap 1w 1 A 16.5
=P ' || Dont show CR waming messages
- Glass 2 »» 9923 LOW-E_5.LOF # 47 [joe7e 0117 0105 0.82
[ Create debug output
[ Create log file
Glazing System U-factor is based on the glazing [T Use Nominal Heights
system height in the Preferences dialog box, the || % Glazing system height:  1000.000  mm
/ . :
NFRC default being one meter (1000 mm). —]
g ( ) Mominal window height: 1000.000 mm
[T Use Mominal Glass Thickness
Center of Glass Results femperature Data  Optical Data  Angular Data  Color Properties  Radiance Results
Lfactor SC SHGC Rel. Ht. Gain Tvis Hett Layer 1 Keff Gap 1 Keff Layer 2 Keff
W./m2 Wim-K Wim-K Wom-K Wom-K
0.789 0.686 511 0.741 0.0754 1.0000 0.0494 1.0001

D= 1 » The U-value for the glazing system is
“ym g : R :
Name Sample Picture Window ?”in the W'lndc')w Library until the
Calc button is clicked, because the
Mode MFRC ~ . .
U-value is dependent on the height
Type | Fixed (picture) ~ 22 of the glazing system in the window.
Width 1200 mm
Height 1500 mm /
Area 1.800 m2
Tilt an
Environmental Conditions
NFRC 100-2010 -
B chedk glazing system compatibility
Total Window Results - Normal Inddence
Click on a component to display characteristics belgw
U-factor ? Wim24
Glazing System
SHGC ?
- Mame  Sample GlzSys W EE
VT ?
—_— D 8 Ucenter 2 W/fm24
I ? Mlayers 2 SC 7
ol ? Area 1271 m2 SHGC ?
Edge area 0.305 m2 Vic ?
Click on a component to display characteristics below
U-factor 1998 Wim2-K
Glazing System
SHGC 0.503
The calculated center-of-glazing U-value in e Mame - Sample GlzSys ~ | >>
the Window Library is based on the 1500 : i PUcenter 1.917 Wfm2K
mm window height rather than the default a__ 8 Nayers 2 sc 0.738
1000 mm height in the Glazing System CIU /A Area  1.271 m2 SHGC 0.685
Library Edgearea 0,305 m2 Vic 0.741

Figure 20-2. WINDOW Glazing System Library.
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20.3 Frames 20. Total Product Calculations

20.3 Frames

THERM files can be imported into the WINDOW Frame and Divider Libraries in order to calculate the whole
product values in WINDOW.

The Source field in the Frame Library indicates whether the files were imported from THERM, as shown in
the following figure.

Frame Library (C:\Users'Public’LBML\WINDOW8.1%w8.mdb)

Detailed View
Update Frame Edge Edge Glazing
L} ID Name Source | Type Uvalue Uvalue | Comeiation | Thickness | 79 Abs |Color|  Last Updated
New Wim2-H | W/m2-K
i i wwmmww- 20261038 1075
s 2 Afiush ASHRAE N/A 3970 NA  Classl s [ 20261008 101
Delete 3 Wood ASHRAE N/A 2270 N/A  Class] na a8 oo [ 20261008 10419
Find 4 Vimyl ASHRAE N/A 1700 N/A  Classt na o oess 090 [ 20251008 1019
D v 5  sampleeadthmz Them Head 2024 2344 N/A 253 423 030 [ 20261009 15:10
§  samplejamb thmz Them Jamb 1343 2353 N/A 9 425 030 [ 2026100 1510
7 samplesil thmz Them Sl 2018 2340 N/A 253 423 030 [ 20261009 1513
Advanced...

7 records found.
Import
Export

Report

Print

Figure 20-3. WINDOW Frame Library with records imported from THERM.

20.4 Windows

When the THERM files have been imported into the WINDOW Frame and Divider Libraries, and the needed
glazing systems have been defined in the Glazing System Library (also needed for the THERM simulations),
the whole product values for U-factor, SHGC, VT and CR can be calculated in the Window Library.

In the Window Library Detail View, set the appropriate values on the left-hand side of the screen, which
depend on the type of fenestration product. The Mode field does not affect the results; the Type field should
be set to the appropriate choice for the fenestration product being modeled. The complete list of choices can
be viewed by clicking on the double arrow next to the Type pulldown list. All the choices are sizes (height
and width) defined by the National Fenestration Rating Council (NFRC) except for the last three custom
sizes, which allow user input for the height and width. The Environmental Conditions field can be set to the
appropriate value (from the Environmental Conditions library).

On the right-hand side of the screen, for each cross section component, select the appropriate records from
the Frame and Divider libraries. When the frame cross sections and the glazing systems are specified, click on
the Calc button and WINDOW will calculate the total product U-factor, SHGC, VT and CR, shown in the
lower left corner of the main screen. In addition, for obtaining NFRC rating values, the program calculates the
SHGCo, SHGC;, VTo and VTy, discussed in detail in the following section.
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File Edit Libraries Record Tools View Help
D@k $BR S HE|lwar n [Haell;: O#7@AYV% 2
List Dx 1 w
Mame Sample Picture Window
Mode MFRC ~
MNew
Type Fixed (picture) o BE
Copy
Width 1200 mm
Delete Height 1500 mm
Set Environmental Save Area 1,300 m2
Conditions to the ~ —__| Report Tilt a0
appropriate record () Dividers Environmental Conditions
from the MFRC 100-2010 ~
Environmental Diyiders
) B check glazing system compatibility
Conditions Library (J Awnings
Generic 1 == v
D 87 Select
Mo
Select | Cancel Find ID 18 records found.
SH . )
D Type Slze Width | Height Layout
mm mm
1 Casement - Double NFRC 2001 1200.0 15000 Horzontal Slider
2 Cazement - Single NFRC 2001 6000 15000 Single vision area
3 Door Transom NFRC 2001 20000 6000  Single vision area
4 Door NFRC 2001 960.0 20900 Single vision area
5 Double Doar NFRC 2001 1520.0 20500 Horzontal Slider
Most of the Window 9 Fixed (picturs) NFRC 2001 12000 | 15000 | Single vision area
Types are based on NFRC 7  (Garage door NFRC 2001 2140 21240 Single vision area
definitions, with fixed —> < 8  Horizontal Slider NFRC 2001 1500.0 12000 Horzontal Slider
sizes (height and width). g Projecting {Awing-Dual) NFRC 2001 1500.0 12000 Vertical Slider
10  Projecting {Awning-Single) NFRC 2001 15000 600.0 Single vision area
Select one of the three 11 Sidelte NFRC 2001 6000 20900 Single vision area
“Custom” types to set 12 Skylight NFRC 2001 12000 12000 Single vision area
user defined height and 13 Vertical Slider NFRC 2001 12000 1500.0  Vertical Sider
width values. 17 Sliding Glass Door NFRC 2001 20000 20000  Horizontal Slider
18 Glazed Wall System NFRC 2001 20000 20000 Honzontal Slider
r 100 Custom Dual Vision Horizontal | Custom 1500.0 12000 Horzontal Slider
-< 101 Custom Dual Vision Vertical Custom 1200.0 15000 Verical Slider
102 Custom Single Yision Custom 6000 15000 Single vision area

Figure 20-4. Window Library Detail View - Select the type to determine the height and width of the window.
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20.4 Windows

20. Total Product Calculations

Once the values have been calculated, the results are displayed in the Total Window Results section, as
shown below. The Detail button next to the SHGC and VT results can be used to view the SHGCo, SHGC;,
VTo and VT values. The Condensation results will depend on the settings in File / Preferences / Options tab
for either calculating CR or CI. If CR is calculated, a CR Detail button will be displayed which can be
usedused to view the intermediate values used to determine the overall CR result. This is not displayed if the
CI option is selected for the Condensation calculation.

List ID #|1 v
Calc (F9) Mame Sample Picture Window
Mode MFRC ~
Mew
Type Fixed (picture) |
Copy
Width 1200 mm
Delete Height 1500 mm
Save Area 1,800 m2
Repart Tilt a0
() Dividers Environmental Conditions
NFRC 100-2010 ~
Dividers
() Awnings B check glazing system compatibility
Generic 1 B
Display mode: ToE L 2o [T e V\ Total Window Results calculated by pressing
Mormal the Calc button:
U-factor  1.993 Wim2+K e  U-factor
sHee  0.602 e  SHGC (Solar Heat Gain Coefficient)
— e VT (Visible Transmittance)
SHGCNVT Detail L) e  CR/CI (Condensation Resistance or
CR 47 Index)
[/ RDetail cRU M/A e CRU/CIU (Condensation Resistance or
— Index for unsealed gap condensation)
a
@1 Condensation Resistance Detgils | Options  Themmal Calcs  Optical Cales  Optical Dat
) Localization
See the next section for a .
detailed description of the SLEEE QP Osl
infor.mation inthe SHGC / VT Language choice  Engish
Detail button. ID Area | @30%RH | @50%RH| @70%RH|  Overal
CR 1.800 76.89 4716 3485 4741 Misc. options
CRg 1271 100.00 78.69 45.78 6165 () Dont show CI/CR waming message
CRe 0.305 76.89 4716 3485 4741 For condensation |CH Index » |
CRf 0224 8808 7385 €222 7086 8 Create debug dCLDGEx
COG1 3 1271 0.0000 0.0097 0.1595 0.0564 —
Header 5 0.050 0.0018 0.0185 0.0546 0.0250
HeaderEdge| 5 0067 00084 01332 02644 01353 File / Preferences, Options tab
lefiJamb| 6 0062 00009 00151 00500 00220 controls whether Cl or CR is
lefiJamb Edge| 6 0086 00079 01322 0263 016 calculated
Right Jamb 3 0.062 0.0009 0.0151 0.0500 0.0220
Right Jamb Edge & 0.086 0.0079 01322 0.2636 0.1346
Sill 7 0.050 0.0034 0.0242 0.0630 0.0302
Sill Edge 7 0.067 0.0279 0.2013 03222 0.1838
Dewpaint (C) 29 103 154

Figure 20-5. Window Library Detail View where the whole product results are calculated and displayed.
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20. Total Product Calculations 20.4 Windows

20.4.8. Individual Product SHGC and VT (SHGC 0 & 1, VT 0 & 1) for NFRC calculations

It is not necessary to calculate the SHGC and VT for all individual products and associated model sizes.
NFRC 200 outlines a procedure for determining SHGCy, SHGC1, VTo, VT values which can then be used to
calculate the SHGC and VT of any individual product. This procedure is used to obtain NFRC rating values.

These values are calculated in WINDOW for the best glazing option modelled with the highest combined
frame and edge heat loss (i.e., the option with the lowest center-of-glass U-factor and the highest total
product U-factor), as outlined in NFRC 200, Section 4.2.3.A. The values calculated from that one case are then
used to calculate the SHGC and VT for any other glazing options using Equations 4-1 and 4-2 in NFRC 200.

For domed skylights (see Chapter 8 of this manual), it is necessary to use the tested value for the center-of-
glass value, with the modelled frame and edge values. The values are calculated for the product using the
best glazing system, for three cases:

* No dividers
= Dividers <254 mm (1”), modelled at 19 mm (0.75”)
* Dividers 2 25.4 mm (1”), modeled at 38 mm (1.50”)
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20.4 Windows 20. Total Product Calculations

WINDOW automatically calculates these values for all records in the Window Library, using the U-factor for
the default divider as defined in NFRC 200. The values can be displayed by clicking on the Details button
next to the whole product results for SHGC and VT, as shown in the figure below.

File Edit Libraries Record Tools Niew Help
= & BR B M4 b bl |H @ 0: O#H 7 @ A VWit ®
List ID# 1 £
Calc (F9) Mame Sample Picture Window
Mode NFRC -
MNew
Type Fixed (picture) “ |22
Copy
Width 1200 mm
Delete Height 1500 mm
Save Area 1.800 m2
Report Tilt a0
[ Dividers Environmental Conditions
MNFRC 100-2010 =
Dividers
(] Awnings B Check glazing system compatibility
Generic 1 B
Display mode: Total Window Results - Normal Inddence
Mormal Click on a component to display characteristics below
U-factor 1.998 W fm2-4
cHac 0,603 Glazing System
L Mame  Sample GlzSys ~ >
- VT 0.6493
SHECNT Detail ) D 3 Ucenter 1917 W/m2K
R Nlayers —2 sC ﬂ
CR Detail CRU NJA Area 1271 m2 SHGC ~ 0.685
CRU Deta Edge area 0.305 m2 vitc 0.741

Click on the Detail button next to SHGC and VT to get the SHGC 0 &1
and VT 0 & 1 calculated for No Dividers, Dividers < 25.4 mm (1”), and
Dividers > 25.4 mm (1”)

SHGC and VT detail >

Mo Generic Generic
Dividers Dividers Dividers

PDD {mm}) 0.000000 19.0459%9  38.093998

SHGCO 0.002804 0005775  0.003586
SHGCT 0.878263  0.791581  0.703578
V10 0.000000  0.000000  0.000000
VT 0.875460  0.785807  0.700992

Figure 20-6. Click on the Detail button to get the SHGC 0 & 1 and VT 0 & 1 results.
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20.4 Windows

If the product has real dividers, the program will calculate the SHGC 0 & 1 and VT 0 & 1 values for the

generic dividers as well as for the actual dividers, as shown below. For NFRC simulations, the default divider

results should always be used.

Results for actual
dividers modeled in
the window

Results for default dividers

]
SHGC and VT detail l

Actual
Dividers

POD {mm}) 25395994

SHGCO 0.006400
SHGCT 0.763398
V1O 0.000000
V11 0.756958

AN\
b\

No Generic

Dividers

Dividers

0.000000  15.045399

0.002804
0.878263
0.000000
0.875460

0.005775
0.791521
0.000000
0.785807

Generic

Dividers

38.099993
0.008586
0.709578
0.000000
0.700992

Figure 20-7. The SHGC 0 & 1 and VT 0 & 1 results are shown for the actual dividers if they are modeled.
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20.4 Windows

20. Total Product Calculations

SHGC and VT detail
Ne Generic Generic
Dividers Dividers Dividers
POD {mm) 0.000000 15.0459999  38.099998
SHECO 0.002304 0.005775 0.008586
SHGCT 0.378263 0.791581 0.709578
V1O 0.000000 0.000000 0.000000
WT1 0.875460 0.735807 0.700%92
0K

H saveAs 55
) Savein: | . WINDOWE =] cf E-
Click on the Save As :
button to save the results filame e e Type i

into a text file.

J BSDFs

) Debug

J Samples
J XML

_ AngularCalcDetailedReport-Glazing...
__ AngularCalcDOE2Report-WholeWi..,

10/23/2012 4:53 PM
10/23/2012 4:53 PM

Text Document
Text Document

5/14/20131:53 PM File folder
5/14/2013 1:52 PM File folder e
4/22/2013 5:17 PM File folder
11/15/2012 6:34 PM  File folder =

1

‘|

[ | 3

File name: |

Save

Save as type: |Te:d files (" bat)

j Cancel

The text file can be imported into —p
other software, such as a
spreadsheet.

i8]
|E_1 File Edit Wew [Insert  Formakt  Tools  Data Window  Help
Adobe POF -8 X
15 - I
AT B8 [ ¢ [ © T 3
1 Mo Dividers | Generic Dividers | Generic Dividers
| 2 |PDD {rmm) MAA 15.05 38.1 J
| 3 |SHGCO 0.00319 0.00613 0.00392
| 4 |EHGC 0.57558 0.79187 0.70985
| 5 |vT0 1] 1] 1]
& |WT1 0.587539 0.78574 0.70093
7
HR 4 » H["SHGCO1 14l | ﬂj_‘
Ready ] v

Figure 20-8. The SHGC 0 & 1 and VT 0 & 1 results can be saved to a text file which can be imported into other applications, such as a
spreadsheet or word processing program.
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20. Total Product Calculations 20.5 Project Databases

20.4.9. Whole Product U-factor With Dividers for NFRC Calculations

The generic dividers used to calculate the SHGCp, SHGC;, VTo, and VT values are NOT used to calculate the
whole product U-factor, if the whole product is manufactured with dividers. In that case, the actual divider
geometry is modeled in THERM, the THERM file is imported into the WINDOW Divider Library, and used
in a record (different from those used for the SHGCo, SHGC;, VT, VT calculations) in the Window Library.

20.5 Project Databases

WINDOW databases can be quite large. For example, the default database, w8.mdb, that is included in the
program installation package, is approximately 35 MB. One of the main reasons for the large size is the
records in the Glass Library - there are 6600+ records in that library as of this writing. Each entry in the Glass
Library contains spectral data for that glass layer, hence the large database size. For any given modeling
project, only a few of these glass layers are used.

It is possible to make a much smaller WINDOW project database by saving only the records in each library
(particularly the Glass Library) that are used in the defined glazing systems and windows. For example,
saving a project database in this fashion would mean that only the glass layers referenced by the glazing
system would be saved in the Glass Library, rather than the entire Glass Library that is installed with the
program. A database with only the referenced glass layers can be less than 1 MB.

Saving a smaller database in this manner is referred to in this manual as a “Project Database”, meaning it
contains only the needed entries for the project being modeled. In the List View of each library there is an
“Export” button, which can be used to export selected records to another database. This “Export” feature is
what can be used to generate a Project Database.

Many of the libraries reference other libraries for some of their values. Therefore, when a record is Exported
from a library, WINDOW also has to export any other records that are referenced from the exported record.
The figure below shows how each library is referenced from other libraries. The Gas, Glass, Frame, Divider
and Environmental Conditions libraries are stand-alone libraries, meaning they do not reference any other
libraries. However, the Glazing System and Window Libraries reference many of the other libraries.

So, for example, in order to export to another database all the information for a glazing system, WINDOW
must also import the referenced records from the Gas Library, Glass Library and Environmental Conditions
Library. But the important point is that only the needed records in each of these referenced libraries are
needed in the exported database. So there might only be two or three entries in the Glass Library, i.e., those
used in the Glazing System, instead of the 6600 entries that are in the entire database. This will then make the
database these records are imported into much smaller.

Window Library »| Glazing System »| Gap Library
Library
> Glass Library
| Frame Library »| Environmental
Conditions Library
Divider Library .| Shading Layer Shading Material

Library Library

Environmental
Conditions Library

Figure 20-9. The database hierarchy in the WINDOW project database.
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20.5 Project Databases 20. Total Product Calculations

The steps to save a WINDOW database in this manner are the following;:

*  Select the Library “level” that the export should start from - in general, the most complete “level” to
export from will be the Window Library.

Start from the Window Library: this will mean that records from all the libraries that are used either
directly or indirectly from those libraries will be included in the project database:

Glazing System Library: All the glazing systems referenced in the Window Library entries
Frame Library: All the frames referenced in the Window Library entries

Divider Library: All the dividers referenced in the Window Library entries, if dividers are
modeled.

Glass Library: All the glass layers referenced from the glazing systems used in the Window
Library entries

Gas Library: All the gases referenced from the glazing systems used in the Window Library
entries

Environmental Conditions Library: All the environmental conditions referenced from the
glazing systems and the Window Library entries.

Shading Layer Library: Any records in the Shading Layer Library that are referenced from the
glazing systems that are exported to the Project Database.

Shade Material Library: Any shade material records that are referenced from the Shading Layer
Library if Shading Layers are modeled in the exported glazing system.

Start from the Glazing System Library: this will mean that records from the libraries used to define
the glazing systems will be written into the project database, and no other entries:

Glazing System Library: All the glazing systems referenced in the Window Library entries

Glass Library: All the glass layers referenced from the glazing systems used in the Window
Library entries

Gas Library: All the gases referenced from the glazing systems used in the Window Library
entries

Environmental Conditions Library: All the environmental conditions referenced from the
glazing systems and the Window Library entries.

Shading Layer Library: Any records in the Shading Layer Library that are referenced from the
glazing systems that are exported to the Project Database.

Shade Material Library: Any shade material records that are referenced from the Shading Layer
Library if Shading Layers are modeled in the exported glazing system.

Note that when you create a project database the program may display a message saying that some
records already exists (based on detecting duplicate record ID numbers), and ask if you want to overwrite

it.
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File Edit Libraries PBecord Tools Wiew Help

D@ RS [E: ««r [Blaen: O#Z@AV% ¢
Window Library (C:\Users\Public\LENLYWINDOW8. 1w 8 mdb)
Detailed View

Calc ID Name Type Width | Height | Ufactor | SHGC | Twis | CR
New mm mm Wim2-K
= 3 ct d d (pict DD DD 000 060 D |
Sl 2 Sample Horizontal Slider Horizontal Slider 1500 1200 2042 058 0629 504
Delete 1 Sample Double Casement Casement - Double 1200 1500 2045 0580 0623 495

Find 4 Sample Vertical Slider Wertical Slider 1200 1500 2036 0585 0629 503

ID ~ 10 Sample Glz Sys Fixed {picture) 1200 1500 2000 0603 | 0648 491

12 | Sample Picture Window - Generic Frames | Fixed (picture) 1200 1500 2681 0613 0819 NA
Advanced. .. .
Click th b Set Format to WINDOW Database, and click
o ic _t e export button New to make a new database.
to bring up the Export
Impart dialog box \
Export H’E:port >
Report Export:
Prirt 0 Selected recordis)
() All records v I
Fomat WINDOW Database ~

Export C:\Users\Public\LBML\WINDOWS.1\NewW' | Browse

(] Avoid creating duplicate records in export database by searching
for identical records

oK Cancel
f save As x
€ > v <« LBMNL » WINDOWS2.1 » ~ G Search WINDOWS.1 P
Organize « Mew folder = - o
~
3 Marme Date modified Type Size
N I Sample Windows.mdb 3/10/2026 4:45 PM Microsoft Access ... 263,176 KB I
Skylight.mdb 11/10/2025 4:24 PM Microsoft Access ... 1,868 KB
>
File name: | V|
Save as type:  WINDOWS Databases (*.mdb) w
» Hide Folders Cancel

Figure 20-10. Creating a Project Database.
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21. Shading Systems

21.1. Overview

This section contains general modeling guidelines that should be followed for modeling shading systems, as
well as details for modeling the following;:

e Louvered Blinds, such as horizontal and vertical venetian blinds
e Woven Shades
¢ Insulating Shade Layers with Non-Standard Geometry
o Cellular, Pleated and Roman Shades
o Roller Shutters
o Insulated Quilts
o Louvered Shutters
e Perforated Screens
¢ Homogeneous diffusing shades

e Awnings
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21.2. Shading System Modeling in General

21.2.1. Shading System States

Many shading systems, such as venetian blinds, cellular shades, pleated shades, vertical slat blinds, louvereds
shutters, and roller shades, fall into the category of a dynamic shading product that can be in both open and
closed states. If you are using WINDOW and THERM to model shading systems for NFRC ratings, consult
the NFRC 100 and 200 technical documents, as well as the NFRC THERM/WINDOW Simulation Manual, for
definitions of what needs to be modeled for different shading systems.

It is suggested that for calculating U-factor, SHGC, and Visible Transmittance, different “states” of the
shading system should be modeled. Different standards organizations (such as NFRC and AERC) will have
definitions for what should be modeled for these states, and their documentation should be consulted for
details. For example, both organizations require modeling the shading system in the “Open” and “Closed”
position, with definitions for those states defined in their documentation.

Outside of those standards, the different “states” for modeling can be expanded, depending on the type of
information needed. The states to be modeled might include:

*  Open - The shading system in it's most “transmitting” state
= The Open state can be defined in a few different ways, depending on the shading system.

e Retractable / Open: Shading systems that retract up to the top of the glazing system. Even
though the shading system is retracted, many times the hardware associated with the shading
system will need to be modeled. There is an example of such a system in the section about
Venetian blinds.

¢ Non-Retractable / Open: Shading systems that are fixed at the bottom (do not retract up). For
example, the “open” state for a non-retractable Venetian blind could be defined as having the
blind slats horizontal (perpendicular) to the plane of the glass. For other systems, such as roller
shades, this case may be the same as the closed state.

* Closed - The shading system in its least “transmitting” state. For example, with Venetian blinds, this
would be a fully deployed blind with the slats in the vertical, “closed” position.

=  Off Angles or other states - For a shading system with control over the shading mechanism,
modeling at the different states besides Open and Closed should be considered in order to fully
understand the energy impacts of each state. For example, Venetian blinds with slats that can be
controlled at different angles, could be modeled with the slats at least at a 45 degree angle, and
possible other angles, depending on the results desired.
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21.2.2. Modeling a Glazing System with a Shading System

This section describes, in general, how to model a glazing system with a shading system. This method applies
to all shade systems except Awnings, which are modeled with a window instead of a glazing system (see the
Awning section for more details). By describing it once here, it will not be repeated to this level of detail in
the sections that pertain to specific shading system types.

In WINDOW

Preferences

It is important to set the values correctly in the Preferences dialog box in order to produce reasonable
results in WINDOW. The settings should be as follows:

Thermal Calcs Tab
e Calculation standard: ISO 15099
¢ Integral Model: ISO 15099

Set Convection Model for
Integral Venetian Blind to

“1SO 15099”
Options  Themal Calcs  Optical Calcs  Optical Data  Radiance  Deflection  Updates
Set Calculation Themal calculation options
Standard to — Calculation standard |150 15033 P
“1SO 15099”
Convection models
Qutside Integral Inside
Model Model Model
Venetian blinds | 1S0 15039 w IS0 15099 w IS0 15099 w
Woven shades | 150 15033 ~| 150 15099 ~ | |150 15099 ~
Figure 21-1. Preferences settings for Thermal Calcs Tab for Integral Venetian Blind
Optical Calcs Tab

¢ Use matrix method for specular systems (glazing systems without shading devices):
unchecked

e Spectral data: Condensed spectral data

e  Number of visible bands: 5

¢ Number of IR bands: 10

¢ Generate full spectrally-averaged matrix for Solar Band: unchecked

e  Generate full spectrally-averaged matrix for Visible Band: unchecked
e Angular basis: W6 quarter-size

e Solar/Visible range: Directional diffuse

e FIRrange: Directional diffuse

e #of segments: 5
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Leave Use Matrix method for Options  Themal Cales| Optical Cales § Optical Data  Radiance Deflection  Updates

specular systems unchecked

» ] Use matrix method for specular systems Venetian blind calculation methods
(glazi ithout shading devices)

°1 el Solar/Visible range  Directional diffuse e
B Write XML BSDF output FIR range Directional diffuse ~
Generate full spectrally-averaged matrix for; # of segmerts: 5
B8 Solar band
B Visible band

Spectral data  Condensed spectral data

Mumber of visible bands: 5
Mumber of IR bands: 10

Angular basis  WE standard basis e

Calculate optical results for:

COuw  [Oow ([(OkrR  (CColor

Figure 21-2. Preferences settings for Optical Calcs Tab for Integral Venetian Blind

Glazing System Library

®  Once the Shade Layer has been defined in the Shade Layer Library (which is decribed in detail in
each shading type section), that layer can be added to a glazing system. The layer can be placed, on the
inside of the glazing system, between the glass layers, or on the outside of the glazing system.

e  #: Set the layers to the total number of glass + shading system layers.

e Depending on the position of the shade, set the appropriate Layer to “Shade” (from
pulldown arrow to the left in the first column). For example, in a double glazed system:

e If the shading layer is on the outside of the glazing system, set Layer 1 to “Shade”.

e If the shading layer is between the glass layers of the glazing system, set Layer 2 to
“Shade”.

e If the shading layer is on the room side of the glazing system, set Layer 3 to
“Shade”

e Select the appropriate shading layer from the Shading Layer library for the “Shade” layer.
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File Edit Libraries Record Tools View Help

B tE@ BEln«rr Boaell; O#7@aAV% %

D #: | 30 | Mame: | Double low-e (argon) with int. horiz. VB (45 deg) |
Calc (F3) = = Tilts ® 1G Height:

Mew Environmental - - iy . o
= Conditions: "FRC 100-2010 = W'dm' E /
Copy Comment: ‘ E
Delete E %
Save Overall thickness: mm Mode: E [IModel Deflection 1 2 3
Report
Radiance
D Mame Mode| Thick | DCenter |Flip| Tsol | Rsoll | Rsol2 | Twis | Rvis1 | Rvis2 | Tir El E2 | Cond
@ Glass 1 ¢ 3110 SGSNGSCE.grd # 56 [J]0381 0299 0446 0757 0060 0050 0000 0340 0039 09957
@ Gap 1 »k S Air (10%) / Argon (30%) 127
@ Glass 2 »» 103 CLEAR_G.DAT # 57 o771 0070 0070 0834 0080 0030 0000 0340 0840 1.000
@ Gap 2 »r 1 Ar 127 21,680
hd Shade 3 »» 29 1" honizontal VB (white) 18.0

Center of Glass Results [Temperature Data  Optical Data  Angular Data  Color Properties  Radiance Results

Lfactor SC SHGC Rel. Ht. Gain Tuis Keff Layer 1 Keff Gap 1 Keff Layer 2 Keff
Wim2-K Wim2 Wim-K Wim-K Wim-K Wim-K
? ? ? ? ? ? ? ?

/

Set Layer 3 to “Shade” using
the pulldown for an interior

shade; Set Layer 1 to “Shade” Click he doubl he Shadine L
for an exterior shade, and so ick on the double arrow to see the Shading Layer

forth Library list

|5 | Select
Find 287 records found.

D M ame ProductMame| b anufacturer Type b aterial

19 “Wioven shade. Gray. 25% open area Genernc WwWioven “Wiaven Shade katerial

0 Qff white Blind 24 mm zlat at 45 degrees Genernic ‘Yenetian (horizontal]  White Wenetian Blind Slat [white. txt]
21 Drark Blue Blind 24 mm =lat at 45 degrees Genernic enetian (horizontal) M arine Wenetian Blind Slat [marine. txt]
22 Clear Fiit [no pigment] Generic Fritted glass

23 Wiowen shade. Gray. 3% open area Generic Wioven “Wioven Shade Material

24 “Wiowen shade. Grap. 10% open area Genernc Wioveh “Wioven Shade hatenial

28 Perforated screen. 8.7% open area Generic Perforated Screen Slat Metal &

» 29 1" harizantal Y¥B [white] - 45 deg Generic ‘Yenetian [horizontal) | ‘white Wenetian Blind Slat [white.tst)
0 3" horizontal WB [white] - 45 deg Genernic ‘Yenetian (horizontal]  White Wenetian Blind Slat [white. txt]
kil 3" wertical VB (white] - 0 deg [open) Genernc Yenetian [vertical) “white Wenetian Blind Slat [white, tat)

4 | i |

PermeabilityF actor T

L
0.250
0.993

0.933

0.020
0100
0.087

0,997
0,938 -

Figure 21-3.For the third layer in the Glazing System (Layer #2), select the venetian blind
from the Shading System Library.
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e Set Dtop, Dbot, Dright, Dleft to the appropriate values for the shading system geometry.

In the WINDOW Glazing System Library, the values for Dtop, Dbot, Dleft and Dright
represent the space between the edge of the shading system (including hardware) and the top
(bottom, left or right) of the glazing system cavity, as shown in the figure below. These values
are used to define the convection that will occur between the shading system and the glazing
system. These values are used for the glazing system thermal calculations in WINDOW.
However they are not used to place interior and exterior shading systems in THERM, which
is controlled by the “Sight line to Shade edge” input when inserting the glazing system into
THERM

It will be necessary to make a separate glazing system for each frame that has a different
Dtop/Dbot/Dleft/Dright. These values from WINDOW are not used in THERM when a
glazing system is imported, and therefore must be redefined when importing a glazing
system. In the example below, there is no space at the top or the bottom of the Venetian
blind, but there is a 3 mm space on the left and the right side of the blind.

File Edit Libraries Record Tools View Help
B & E® EEM « » 1 Bae[ll; O#7@aAY%
List D = | 30 | MName: | Double low-2 {argon) with int, horiz, VB {45 deg) |
# 2 e ° 1G Height:1000.00 |mm
M Environmental o . 7
New e =, INFRC 100-2010 16 Width:| 1000.00 |mm 7
Copy Comment: :
Delete . /é
Save Overall thickness: mm Mode: [ Model Deflection 1 z 3
Report
Radiance
D MName Mode| Thick | DCenter |Fip| E1 E2 | Cond | Dtop {mm) | Dbot {mm) | Dright {mm})| Dleft {mm)
- Glass 1 »» 3110 SGESMEBCE.grd # 56 ]| 0840 0039 0997
- Gap1 M 9 Ar(10%)/ Argon (30%) 1 127
- Glazs 2 »» 103 CLEAR_B.DAT # 57 ]| 0840 0.840 1.000
- Gap 2 »» 1 Air 127 21.680
< Shade 3 rr 23 1" horizontal VB (white) - 18.0 0.000 0.000 3.000 3.000
N\ J
< Y >
Set values for Dtop,
Dbot, Dleft, Dright
Center of Glass Results  Temperature Data  Optical Data  Angular Data  Color Properties  Radiance Results
Lifactor 5C SHGC Rel. Ht. Gain Tuis Keff Layer 1 Keff Gap 1 Keff Layer 2 Kefl
Wim2-K Wim2 Wim-K Wim-K Wom-K Woim-K
0.303 0.263 200 0.175 0.0433 0.9963 00234 1.0000

Figure 21-4. Define a Dtop, Dbot, Dleft and Dright in the Glazing System Library.
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Glass

Frame to Shading System distance for Interior Shading Systems.

Frame

——

—

!

Dtop (Dbot,

Dleft, Dright)

Shade,
including
hardware

b

Frame to Shading System distance Exterior Shading
Systems.

L1

|<_>_

Frame to Shading System distance for Between Glass
Shading Systems.

]

™\

]

bpacer

Figure 21-5. Determine the distance from the frame/spacer and the shading system at the top, bottom, left and right of the window.
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In THERM

Sightline

The shading system hardware can define the sightline rather than the frame, depending on the
geometry of both the frame and the shade. The sightline is used in the Tvis and SHGC calculations.

Representation of the Shading System

In THERM, the shading system is not explicitly modeled. When a WINDOW glazing system with a
shading system is inserted into a THERM file, THERM draws a graphic representation of the shade,
but does not create a polygon for it. The space between the shade and the glazing system or frame is
not modeled as a frame cavity, and the effect on the glazing system or frame is accounted for by
assigning a Shading Modifier when defining the boundary conditions. The Shading Modifier is
automatically created when the glazing system is inserted, and will be available from the “Shading
system modifier” pulldown menu in the Boundary Condition Type dialog box.

Bottom of glass

Sight line

Graphic representation of the blind. A polygon is not drawn to represent the blind.

The space between the blind
and the glazing system is NOT
modeled as a cavitv.

A

The effect of the blinds is modeled using the
Shading Modijfier in the Boundarv Condition Librarv

Boundary Condition Type @
Boundasy T v
Candition [sample-head-lntennl\p"ent|ant’-‘n.-45:5ample GlzSps - Interigr Venetian 4, 45 degrees VI

LI-F actor

C |
Pt (e 1)
Temperature  EB9.8  F He 038 BrushfiF EDnEd?t?nnndEirgral

Radiation Model  AutoEnclosure U-Factor Surface
0552 Librar

Emizzivity

Shading syztem modifier [Interior [Glazing System I0:9) v]

§ [7] Blacking Surface

Default Boundary Condition  zample-head-Interiory entiand-45:5 ample GlzSps - Interior Wenetian A,

Figure 21-6. The shading system is not explicitly modeled in THERM.
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Sightline to Shade Edge

When importing a WINDOW glazing system with a shading system into a THERM file, the “Sight
line to shade edge” input in the Insert Glazing System dialog box will determine where the shade
starts (or stops) relative to the glazing system and frame. These values should correspond to the
Dtop, Dbot, Dleft and Dright input in WINDOW; however the user has to input the value for every
glazing system that is inserted into the THERM file, as THERM does not read those values from
WINDOW.

17 Insert Glazing System

Glazing System Name: Sample GlzSys
Glazing System ID: 8

Orientation Up v

Glazing system width 25.51 mm o

CI cavity height 1000 mm mm
Sight line to bottom of 25.4 mm
Spacer height 25.4 mm

Edge of Glass Dimension 63.5 mm

Glazing system height 150

[Sight line to shade edge 10 l
Sight line to Sight line Sight line to
shade edge to shade shade edge
=-10 mm =+10 mm
Sightline

Figure 21-7. The Sight line to shade edge input determines where the shade sits relative to the frame.

WINDOW 8.1 User Manual October 2026 21-9



21.2. Shading System Modeling in General 21. Shading Systems

For a shading system that sits in a panel next to an insulated glazing unit (IGU), where the shading

system dictates the hardware, the following guidelines can be used when importing the glazing
system:

e Sightline to bottom of glass = spacer height
e Sight line to shade edge = 0

Shading system
hardware sits on the
frame elements.

Sight line

In this case, the shading system

Spacer for IGU. hardware is defining the sight line.

l

Therefore, the sight line to shade
edge=0

7 Insert Glazing System

Glazing System Mame; Sample GlzSys
Glazing System ID: 8

Glazing system width 26.51 mm
CI cavity height 1000 mm
Sight line to bottom of 25.4

Spacer height 25.4
Edge of Glass Dimension ©3.5
Glazing system height 150

Sight line to shade edge 0

Crientation Up w

mm

mm

mm

mm

mm

After the glazing system is
inserted, fill glazing cavities as
appropriate according to the
modeling rules.

Figure 21-8. The relationship of sightline to spacer height, bottom of glass, and shade edge,
for a shading system that has the hardware defining the sightline.
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For a shading system where the hardware is not modeled, such as a jamb, or a head or sill that has
hardware that is isolated from the frame (and is therefore not modeled), the diagram below shows
how to define the input variables when importing a glazing system.

This polygon
accounts for the
convective heat
flow between the
two sides of the Shade Edge —% Sightline to Shade Edge would be

shading system P> Sightline positive in this case

y \

Sightline to Bottom of Glass
Spacer height ?

|
Frame-or.spacer

alamont

< Shade
This polygon
accounts for the Sichtline
convective heat g
flow between the <4— Sightline to Shade Edge would be
two sides of the Shade Edge —» — negative in this case
shading system > p
> <4— Sightline to Bottom of Glass
Spacer height 1

]
Frame:or-spacer
element

Figure 21-9. The relationship of sightline to shade edge when shading system hardware is not modeled.

Linking Glazing System Cavities to other cavities

Cavities associated with a shading system that are not modeled in the WINDOW Glazing System but
which touch the WINDOW Glazing System cavities, such as cavities around hardware in the THERM
file can be linked to the glazing system cavity following the 5 mm rule described in Chapter 9 of the
THERM User Manual.

In the example below, the frame cavities that have a throat adjacent to the glazing cavity greater than
5 mm are linked to the glazing cavity, and those that are less than or equal to 5 mm are modeled as
frame cavities.
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—

21. Shading Systems

A

A 4

N sem

This frame cavity starts
where the throat is 5
mm, and then is
modeled as a frame
cavity.

This cavity has a throat >5 mm
where it touches the glazing

system cavity, so it is not linked
to the glazing cavity but is \
modeled as a separate frame \

ravitv

his cavity has a throat >5 mm
where it touches the glazing
system cavity, so it is linked to
the glazing system cavity.

These cavities are > 5 mm where they touch
the glazing system cavity, so they are all
linked to the glazing system cavity.

Figure 21-10. Determine which cavities around the Venetian blind can be linked to the Glazing System Cavity
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Modeling Shading System Hardware
Do not model the hardware:

e If the hardware is isolated from the frame or other shading system hardware.
For example, if the hardware that the roller in a shade is attached to is not continuously
connected to the shading system housing, it does not need to be modeled, such as the roller
for a roller shade which is only attached at each jamb but not continuously along the head.

In this example head cross
section, the roller and the
o \ shade material around it

are not continuously
connected to the housing
Roller —they are suspended
inside the shading system
Roller shade housing, and are only

housing joined to the jamb at each

1 ] e

Shade layer

| Therefore the roller would
not be modeled in
THERM.

Figure 21-11. If the roller shade is not continuously connected to the shading system housing,
it is not modeled in THERM

o This would also apply to hardware at the bottom of a shading system that is deployed, if that
hardware does not touch the frame or other shading system hardware.

If there was hardware at
the bottom of this roller
shade, it would not be
modeled because it is not > ()
attached to the frame or

other shading system

hardwara

Figure 21-12. Do not model shading system hardware that is not attached
to the frame or other shading system hardware.
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Model the hardware:

o If the hardware is continuous and attached to the frame or other shading system
hardware.

e For example, in a shading system housing, if the shade was a folded or pleated system,
the hardware in the housing would be modeled if it was attached to the housing and
continous.

Frame cavities inside the shading system housing:

When modeling an exterior shading system, such as a woven shade, there are three possibilities for
how to model the shading system housing;:

¢ NFRC Frame Cavity
e Slightly Ventilated Cavity
¢ No Cavity Modeled

The guidelines below are used to determine which model to use, depending on the housing
geometry.

Shading system hardware usually has openings where the shading system intersects it. How to
model these openings depends on the following rules:

o If the openness factor of the shading layer is < 0.20, apply the slightly ventilated cavity rule
(see Chapter 9 of the THERM User Manual) to the opening that is to the outside of the
shading layer

o If the openness factor of the shading layer is > 0.20, consider the whole width of the opening
to apply the slightly ventilated cavity rule.

o If the slightly ventilated rule does not apply because the opening is too small (< 2 mm):
o model the cavity as the NFRC Frame Cavity

o If the slightly ventilated rule does not apply because the opening is too large (> 10 mm)
o Do not model a frame cavity

o Do not model the internal housing hardward

21-14
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o Bring the boundary conditions into the inside of the shading system housing

e For the frame cavities (either the NFRC Frame Cavity or the slightly ventilated cavity) inside
the shading system housing, break them up as needed according to the 5 mm rule. The cavity
type stays the same even if the cavity is broken up into smaller polygons.

When a frame
cavity is modeled
(normal or slightly
ventilated) and the
shade layer comes
into the housing,
model that layer as
a THERM polygon.

If this shading layer has an
effective openness fraction <
0.20, apply the slightly
ventilated frame cavity rule
based on the gap opening to
the outside of the shading

lavar

If this shading layer
has an effective
openness fraction >
0.20, apply the slightly
ventilated frame cavity
rule based on the
entire gap opening.

Shading Layer Librany

ID# 13

\
Marme: [anen ghade. Gray. 25% open area J

Froduct M arne:

M anufacturer; Generic
Type: [Woven zhade ']
M aterial: [31 006 Woven Shade Material "]

Permeahility Factar

0.250

Figure 21-13. The cavity inside the shading system housing may be modeled as a
partially ventilated cavity if it meets the modeling rules for that case.
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If the opening to the outside is
10 mm:
e aframe cavity is not
modeled
e theinternal housing
hardware is not
modeled
e the boundary
conditions are defined
in the inside of the
housing
e  The shading modifiers
are NOT applied to the
boundary conditions
inside the housing

Figure 21-14. The cavity inside the shading system housing is not modeled as a
frame cavity if the gap to the outside air is greater than 10 mm.

Shading layer in the shading system housing
This is independent of the Permeability Factor of the shade.
¢ Bring shading layer from WINDOW into housing as built
e If Frame cavities are modeled, draw polygon over shade layer into housing

In the case where a frame cavity (either normal or slightly ventilated is modeled inside the
shading system housing), if the shading layer comes into the shading system housing, for
either the open or closed instances of the shading system, model that shading layer as a real
polygon, and do not have the shade layer graphic element go into the housing.

e If Frame cavities are not modeled, keep as is.

If a frame cavity is modeled
inside the shading system
housing, create a polygon for the
shade layer in the cavity.

If a frame cavity is NOT modeled
inside the shading system
housing, insert the glazing
system so that the shading
system is in the housing per the
shade design.

Define the shading layer as
stopping at the point where the
frame cavity begins. Do not take
it into the housing.

Figure 21-15. Modeling the shade layer in the shading system housing.
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Shading System Modifiers

Apply the shading system modifiers, shown in the Boundary Condition Type dialog box, to all
glazing and frame surfaces based on a projection of the shade onto those elements.

Apply shading
modifiers

A point must be inserted
in the frame boundary
segment so that part of
the boundary will have a
shading modifier and part
will not.

The shading
modifier is
applied to all the

frame elements .
and the glazing No shading
system on this modifiers
side of the
shading layer
A point must be
Apply inserted in the
Boundary Condition Type . i
shading glazing system
Boundary - - . modifiers boundary segment so
Condition [sample-head-lnterlor\-‘entlanA-45:NFHE 100-2007 Estenor v] that part of the
U-Fact .
Sur?aig' [SHGC exterion v] boundary will have a
shading modifier and
Temperature 180 C He 2600 wim2-K part will not.
R adiation Model  Blackbody
Emizsivity 0,540 pa—

Shading system modifier [Interior [Glazing Systemn 10:9) v]

No shading
modifiers <

Default Boundary Condition  sample-head-Interior¥ entiand-45:MFRC 100-20071 E sterior

~

Figure 21-16. Apply shading modifiers from the Boundary Condition Type dialog box.
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21.3. Venetian Blinds — Between Glass (Integral)
This section contains a detailed description for how to model a Venetian blind between glass layers.

Venetian blinds between glass (venetian blinds between two glazing layers in a glazing system) fall into the
category of a dynamic glazing product. In the example below, the blind is modeled in it’s fully open and fully
closed positions. In the case of modeling retractable integral venetian blinds as part of a dynamic glazing
product, the fully open position is when the venetian blind is completely retracted. However, even when
completely retracted, the stacked venetian blind slats become a “block” of material that must be modeled.

outside inside

AN

Figure 21-17. Venetian Blind Between Glass is a blind between two pieces of glass

Incident .

(incoming) sun Outgoing

angle angles

(Exterior) (“room side” or
interior)

/11
A\ N
S

Figure 21-18.Incoming and outgoing light angles are modeled based on the angular “basis” specified.

In this example, the following “states” are modeled for each venetian blind configuration:
*  OPEN -- Venetian blind fully retracted, ie, the most transmitting state
o There is an example for both a retractable and a non-retractable Venetian blind

* CLOSED -- Venetian blind fully deployed, ie, the least transmitting state
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21.3.1. Open Venetian Blind

There are two scenarios for Open venetian blinds:

e Retractable / Open: Venetian blinds that retract up to the top of the glazing system

outside inside

Figure 21-19. Retractable / Open Venetian Blind

¢ Non-Retractable / Open: Venetian blinds that are fixed at the bottom (do not retract up) - the
“open” state is defined as having the blind slats horizontal (perpendicular) to the plane of the
glass.

outside inside

Figure 21-20. Non-Retractable / Open Venetian Blind

For Retractable / Open, two examples will be illustrated:
*  The venetian blind fully retracted inside a double glazed system.

*  The venetian blind fully retracted between an IGU and a third glazing layer (such as, but not limited to,
an add-on panel).

For Non-Retractable / Open, one example will be illustrated:

* The venetian blind inside a double glazed system with the venetian blind slots in a horizontal (open)
position.
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21.3.1.1. Fully Retracted / Open Venetian Blind Inside a Double Glazed System

The following section discusses how to model a fully retracted venetian blind that has a stack of blind slats at
the top of the glazing system. The following figure shows the Head cross section for a venetian blind in the
fully-retracted position inside a double-glazed system.

In this example, only the Head section is shown. For Vertical Sliding windows where the lower sash contains
a venetian blind between glass, the lower sash portion of the Meeting Rail section will be modeled with the
same venetian blind considerations as the Head section. The other cross sections (Jambs, Sills and Meeting
Stiles) are modeled normally, without any venetian blind considerations.

In WINDOW:

1. Glazing System Library: Create the appropriate glazing system in the Glazing System Library. In
this case, it is not necessary to model a venetian blind in that glazing system in WINDOW, because
the blind is fully retracted.

In THERM

1. Frame Geometry: Draw the frame geometry, including Head, Sill, Jamb and Meeting Rail if
appropriate

2. Glazing System: Import the glazing system defined in WINDOW (no venetian blind modeling
needed) into the frame geometry. Make sure that the Sight line to bottom of glass value includes the
height of the block representing the closed venetian blind, so that the Frame and Edge of Glass
boundary conditions and U-factor tags are defined automatically by THERM.

3. Boundary Conditions: Define the Boundary Conditions in the normal manner; no venetian blind was
modeled in WINDOW, so the Boundary Conditions in THERM do not need to be modified for a
Shading System
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Use the proper modeling technique where the frame meets the
surround panel, ie, model these voids as air cavities

AN T

<«—— Stack of venetian
blind slats

<«—— Double glazed
system

Figure 21-21. Head cross section with fully retracted venetian blind inside a double-glazed system.
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21.3. Venetian Blinds — Between Glass (Integral)

21. Shading Systems

!H_

Block of Aluminum Alloy used to
represent the geometry and
material properties of the stack of
venetian blind slats in their fully
retracted position

In this case the stack of blind slats
is approximately 15 mm wide and
50 mm long.

Bottom of venetian blind
assembly

Top of venetian blind
assembly

s
L]

~

J

where the throat is 5
mm, and then is
modeled as a frame
cavity.

The space between the stack of venetian blind
Glazing system cavity slats and the glazing layers.

Note that some cavities are linked to the glazing
system and some are not, according to the rules in

Section 6.4.4

Figure 21-22. The Head cross section with the retracted venetian blind, including the stacked slats,
and the top and bottom assemblies for the blind that are continuous across the section.

Follow these steps to model a fully retracted venetian blind:
(Note: This example was done for Aluminum slat blinds. If the material of the blinds is not Aluminum, use the
appropriate material properties for the stack of retracted venetian blind slats; define a new material in THERM if

needed.)

1. Draw the Head cross section of the product frame.

2. Draw the geometry of the retracted venetian blind, including the length and width of the stacked
venetian blind slats and any continuous hardware that holds the blind in place (top and bottom).
(Note: In this case, the system seems to be “floating” because non-continuous hardware is used to attach the

blind to the fenestration system.)
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21. Shading Systems 21.3. Venetian Blinds — Between Glass (Integral)

3. Insert the glazing system.
The example shown below has glazing layers that intersect the frame at two different heights. There
are numerous methods for modeling this. The method shown is to “stretch” the glazing layers to
meet the frame at the appropriate place, and this method also necessitates inserting points on the
glazing system for the correct boundary conditions segments.

Note: Another method would be to insert “float glass” polygons for the glazing layer extensions - this
method eliminates the need to insert the points in the glazing system for the boundary condition
segments.

In this example the edges of the glazing system intersect the
frame at different heights so the edges of the glazing system
are “stretched” to meet the frame.

Insert the glazing system at the bottom of the venetian blind
assembly with “Spacer height” and “Sight line to bottom of
glass” set to 0.

Turn on “Allow editing of IG polygon” in
Preferences/Drawing Options. Then pull
the edges of the glazing in the glazing
svstem up to the frame.

| Preferences | Drawing Options

Arc to Polygon 15

degrees per side
Conversion =g P

[ Stay in draw mode after drawing
Always check for overapping polygons
Snap preview

[] Tape Measure Average Temperature
[¥] Mlow editing of IG polygons

Prompt before deleting polygons

When inserting the glazing system,
make sure the “Sight line to
bottom of glass” includes the
height of the entire Venetian blind
assembly, so that points will be
inserted in the proper places to
define the boundary conditions
and U-factor tags. Insert a point on
the outside glass surface.

Figure 21-23. Insert the glazing system.
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21.3. Venetian Blinds — Between Glass (Integral)

21. Shading Systems

4. Fill the cavities around the venetian blind with a material, and then link that material to the cavity of
the main glazing system. There may be several cavities to be linked, as shown in the figure below.

To link the left-hand cavity next to the venetian blind
to the main glazing system cavity, do the following:

Apply the 5 mm rule for breaking up cavities
(Section 6.3.6), then fill the cavity with a

The width of this cavity is >5
mm, so it is not linked to the
glazing system cavity, and is
modeled as a frame cavity.

material (any material will work)
select the cavity you just filled ]
go to the Library menu, Create Link option >
\\\>
Libraries | Options  Calculation  Window
Set Material F4
Set Boundary Condition F5
Material Library Shift+F4
Boundary Condition Library Shift+F5
Gas Library
Select Material/Boundary Condition
Glazing Systems Fa
UFactor Mames
—t—p Create Link
the “eyedropper” tool will appear — click
on the main glazing cavity (the polygon t
link to) and the other cavity will turn gray
and have the same name as the glazing
system cavity.
The linked cavity will turn gray. \
4

The width of this cavity is > 5
mm, so it is linked to the
glazing system cavity

Apply the 5 mm rule to this
space -- model this space as a
frame cavity rather than
connecting it to the glazing
system cavity (it is 1.75 mm
in this example)

J

This frame cavity starts
where the throat is 5
mm, and then is
modeled as a frame
cavity.

Figure 21-24. Fill the cavity next to the venetian blind by linking it to the main glazing cavity.
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21. Shading Systems 21.3. Venetian Blinds — Between Glass (Integral)

Generate the Boundary Conditions. The section of the warm side of the glazing system adjacent to the
retracted venetian blind should be defined with a U-factor Surface tag of “Frame”.

BC = Adiabatic

; U-factor Tag = None

—

—

<—

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor Tag = Frame

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Frame

v

A

BC = NFRC 100-2010 Exterior

BC = <glazing system name> U-factor Inside Film
U-factor Tag = None

Radiation Model = AutoEnclosure
U-factor Tag = Edge

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

[
»

BC = Adiabatic

U-factor Tag = None

Figure 21-25. Define the boundary conditions for the cross section
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21.3. Venetian Blinds — Between Glass (Integral) 21. Shading Systems

6. Calculate the results for this cross section.

7. Complete the calculations for the other product cross sections (Sill, Jambs and Meeting Rails / Stiles
as appropriate).

8. Import all the cross sections into the WINDOW Frame Library and calculate the total product U-
value, SHGC and VT.
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21. Shading Systems 21.3. Venetian Blinds — Between Glass (Integral)

21.3.1.2. Fully Retracted / Open Venetian Blind Between a Double-Glazed System and a Third Glazing
Layer

The following figure shows the Head cross section for a venetian blind in the fully-retracted position between
a double-glazed system with a third glazing layer, such as, but not limited to, an add-on panel.

«——— Stack of venetian
blind slats

Third glazing layer
<4—— with venetian blind

Double glazed
system

Figure 21-26. Head cross section with fully retracted venetian blind between a double-glazed system and a third glazing layer.
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~zm qu II‘

Top of venetian blind
assembly

Block of Aluminum Alloy used
to represent the geometry and
material properties of the stack
of venetian blind slats in their
fully retracted position

In this case the stack of blind
slats is approximately 15 mm
wide and 50 mm long.

Bottom of venetian
blind assembly

T T

Dual glazed Third glazing layer
system cavity cavity.

Figure 21-27. The Head cross section with the retracted venetian blind, including the stacked slats,
and the top and bottom assemblies for the blind that are continuous across the section.
Follow these steps to model a fully retracted venetian blind between a double glazed system and a third
glazing layer:
(Note: This example was done for Aluminum slat blinds. If the material of the blinds is not Aluminum, use the
appropriate material for the stack of retracted venetian blind slats. It is possible to make a new material if needed.)

1. InTHERM, draw the Head cross section of the product frame.

2. In THERM, draw the geometry of the retracted venetian blind, including the length and width of the
stacked venetian blind slats and any continuous hardware that holds the blind in place (top and
bottom).

3. In WINDOW, make the appropriate glazing system (in this case a triple glazed system that represents
the double glazed system and a third glazing layer (such as an add-on panel)).
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4. In THERM, insert the glazing system.
The example shown below has glazing layers that intersect the frame at two different heights. There
are numerous methods for modeling this. The method shown is to “stretch” the glazing layers to
meet the frame at the appropriate place, and this method also necessitates inserting points on the
glazing system for the correct boundary conditions segments. Another method would be to insert
“float glass” polygons for the glazing layer extensions - this method eliminates the need to insert the
points in the glazing system for the boundary condition segments.

In this example, the edges of the glazing system
intersect the frame at different heights, so the
glazing layers are “stretched” to meet the frame

Insert the glazing system at the bottom of the
venetian blind assembly with “Spacer height”
and “sight line to bottom of glass” set to 0.

Turn on “Allow editing of IG polygon” in
Preferences/Drawing Options. Then pull the
edges of the glazing in the glazing system up to
the frame.

v

| Preferences | Drawing Options

Arc to Polygon 15

h degrees per side
conversion

[ Stay in draw mode after drawing
Always check for overdapping polygons
Snap praview

[] Tape Measure Average Temperature
Allow editing of IG palygons

Prompt before deleting polygons

When inserting the glazing system,
make sure the “Sight line to bottom
of glass” includes the height of the
entire Venetian blind assembly, so
that points will be inserted in the
proper places to define the boundary
conditions and U-factor tags. Insert a
point on the outside glass surface.

-

Figure 21-28. Insert the glazing system and edit it if necessary to bring the glazing layers to the frame.
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21. Shading Systems

5. Fill the cavities in the double glazing system and around the venetian blind in the third glazing layer
with a material (any material), and then link that material to the appropriate cavity - the double
glazing system cavity to the double glazing system and the third glazing layer cavity to the third
glazing layer. There may be more than one area that is linked to a cavity, so make sure to link them

all.

To link the cavity next to the venetian blind to the
main glazing system cavity, do the following:

o fill the cavity with a material (any maters |
will work)
[ ]

select the cavity you just filled N
go to the Library menu, Create Link option

Librarieleptions Calcu/ation Window H

Set Material F4
Set Boundary Conditjon F5
Material Library Shift+F4

Boundary Conditigh Library Shift+F5

Gas Library
Select Material/Boundary Condition

Glazing System Fa

Create Link

e the “eyedropper” tool will appear — click
on the glazing cavity (the polygon to link
to) and the other cavity will turn gray and
have the same name as the glazing system
cavity.

e  The linked cavity will turn gray.

e

These cavities are linked to
the glazing system cavity
because they are >5 mm
wide. See section 6.4.4 for
more details about linking
cavities

Find the location in
this cavity where the
throatis<or=5

/" mm. Make that part
of the cavity a frame
cavity, and the area
of the cavity >5
mm, link to the
glazing cavity below.

Figure 21-29. Fill the cavity next to the venetian blind by linking it to the main glazing cavity.
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21. Shading Systems 21.3. Venetian Blinds — Between Glass (Integral)

6. Generate the Boundary Conditions. The section of the warm side of the glazing system adjacent to the
retracted venetian blind should be defined with a U-factor Surface tag of “Frame”.

BC = Adiabatic

{ U-factor Tag = None +

—

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor Tag = Frame

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Frame

«—

BC = NFRC 100-2010 Exterior

U-factor Tag = None BC = <glazing system name> U-factor Inside Film

Radiation Model = AutoEnclosure
U-factor Tag = Edge

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

» P
» <

b4

BC = Adiabatic
U-factor Tag = None

Figure 21-30. Define the boundary conditions for the cross section

7. Calculate the results for this cross section.

8. Complete the calculations for the other product cross sections (Sill, Jambs and Meeting Rails / Stiles
as appropriate).

9. Import all the cross sections into the WINDOW Frame Library and calculate the total product U-
value, SHGC and VT.

WINDOW 8.1 User Manual October 2026 21-31



21.3. Venetian Blinds — Between Glass (Integral) 21. Shading Systems

21.3.1.3. Non-Retractable / Open Venetian Blind Inside a Double Glazed System

Non-Retractable / Open Venetian Blind are systems that are fixed at the bottom (do not retract up), and the
“open” position is defined as the blind slats set to a horizontal position, perpendicular to the plane of the

glass.

outside inside

= In WINDOW:

1.

Shading Layer Library: If the appropriate venetian blind product is not already in the Shading Layer
Library, import it from the Complex Glazing Database (CGDB). If the product is not in the CGDB, the
manufacturer will need to have the blind slat material measured and added to the CGDB before the
product can be simulated.

The Shading Layer should be defined with the venetian blind slats in a horizontal position, or as
“open” as the blind geometry allows.

Shade Material Library: When the Shading Layer Library is imported from the CGDB, WINDOW

will also import the associated Shade Material record for that Shade Layer into the Shade Material

Library. In general, this should be automatic and you should not have to manipulate the records in
the Shade Material Library.

Glazing System Library: Define the glazing system with the venetian blind between two layers of
glass

= In THERM:

1.

3.
4.

Frame Geometry: Draw the frame geometry, including Head, Sill, Jamb and Meeting Rail if
appropriate

Glazing System: Import the glazing system defined with the venetian blind (horizontal slats) into the
frame geometry

Boundary Conditions: For Integral Venetian Blinds, set “Shading System Modifier” to “None”

Simulate the model, save the results

= In WINDOW:

1.
2.

Frame Library: Import the THERM files into the Frame Library

Window Library: Construct the window using the THERM files from the Frame Library and the
glazing system defined in Glazing System Library

® These steps are illustrated in more detail in the following discussion.
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21. Shading Systems

21.3. Venetian Blinds — Between Glass (Integral)

= In WINDOW:

1. Shading Layer Library: If the appropriate venetian blind product is not already in the Shading Layer
Library, import it from the Complex Glazing Database (CGDB).

In the CGDB Shading Layer Library, for Venetian blinds that are defined as Type “Venetian”
(not Type “BSDF”, which are currently not allowed in NFRC certification), there may be one or more
definitions for the same Venetian blind product. These different records will represent different
geometries of the Venetian blind, such as slat thickness, width, slat spacing and slat tilt. If you are
modeling the same Venetian blind product, but with a different slat thickness, width, slat spacing or
slat tilt, you can make a new Shading Layer Library and change the slat geometry.

In this example, the Venetian blind has three records in the CGDB Shading Layer Library,
representing three different slat tilts - “Closed”, “45 degrees” and “Open”.

Shading Layer Library {C:\Users\PublictLENL\WINDOWS.1%w8.mdb)

ID

3001
3002

] 3005

Name

Slim White VB Closed
Slim White VB 45
Slim White Open

Slim Marine Closed
Slim Marine 45

Slim Marine Open

ProductName

Slim White Venetian Blind
Slim White Venetian Blind
Slim White Venetian Blind
Slim Marine Blue Venetian Blind
Slim Marine Blue Venetian Blind
Slim Marine Blue Venetian Blind

Manufacturer

Pella
Pella
Pella
Pella
Pella
Pella

Type

Venetian (horizontal)
Venetian (horizontal)
Venetian (horizontal)
Venetian (horizontal)
Venetian (horizontal)
Venetian (horizontal)

Material

White Venetian Blind Slat {white txt)
White Venetian Blind Slat {white txt)
‘White Venetian Blind Slat {white txt)
Marine Venetian Blind Slat {marine txt)
Marine Venetian Blind Slat {marine txt)
Marine Venetian Blind Slat {marine txt)

PermeabilityFactor

Figure 21-31

. Import the appropriate records from the CGDB Shading Layer Library
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21.3. Venetian Blinds — Between Glass (Integral) 21. Shading Systems

If only one slat geometry is represented in the CGDB (such as open or closed), import that

record into the working database, and then make new records for the missing slat geometries, so that
there is a separate Shading Layer record for both the Open and Closed geometries.

Shading Layer Library

IO #3002

Mame:  Slim white Open

Product Hame:  Slim White Wenetian Blind
The Material references a
record in the Shade Material
Type: ‘Yenetian blind, horizontal Library, which is automatically
created when the Shading
Layer is imported from the

~—nND

b anufacturer: Fella

b aterial; 1100 white Wenetian Blind Slat [whit <

Permeahility Factar 0992

Wenetian Blind
Slat width: 14 800 |mm ———
_ — This record defines the
Spacing: 11.383 |mm — “—— geometry for the “Open” state
Titt: fully open (07) of the Venetian blind
Titt angle: 0.00000) - degrees
Blind thickness: | 14.800 |mm
Rise 838 |mm —_—
Help

Figure 21-32. Define the venetian blind geometry for the “open” (horizontal) slats

Type: Venetian blind, horizontal

Material: White Venetian Blind Slat; this pulldown references the record in the Material Library
that is associated with this Shading Layer. When a Shading Layer is imported from the CGDB,
the associated record for the material is automatically added to the Shade Material Library. If you
need to make a new Shading Layer record for a different slat geometry, make sure to reference
the same material record in the Shade Material Library.

Effective Openness Fraction: If a Shading Layer is imported from the CGDB, this value will
automatically be set. If you are making a new record, the Effective Openness Fraction =1 for the
“Open” blind case.

Slat Width: appropriate value, in this example 14.8 mm

Spacing = spacing between each slat, in this example 12 mm

21-34

October 2026 WINDOW 8.1 User Manual



21. Shading Systems 21.3. Venetian Blinds — Between Glass (Integral)

o Tilt: “fully open (0°)” for a slat in the horizontal position

*

et .
" s =% glat thickness
~ rise
— £
/::.- LN
spacing

— >

%t
tilt angle

Fd Fd
blind thickness

Figure 21-33. Venetian blind geometry definition

e Blind thickness: This value is not editable, and shows the width of the blind “assembly” based
on the slat tilt. In this “Open” case, the blind thickness will equal the slat width. At any other slat
angle, this value will be less than the slat width.

e Rise: this value defines the curve of the slat, and is defined in the CGDB for each Venetian blind
product. It can be changed if it does not represent the slat curvature being modeled - this would
be necessary if the slat width was changed, for example.

2. Shade Material Library: When a Shading Layer record is imported from the CGDB, the Shad e
Material is automatically imported, and therefore it is not necessary to add or change records in the
Shade Material Library. However, you may need to reference existing records in the Shade Material
Library if you are defining a new Shading Layer record (for example to define a differen slat
geometry for a product).

Shade Material Library (C:\Users"\Public\LBML*WINDOWE.1%w8 mdb)

D MName ProductName Manufacturer Source
11100 White Venetian Blind Slat (white tat) White Venetian Blind Slat Pella CGDR
11107 Marine Venetian Blind Slat (marine txt) Marine WVenetian Blind Slat Pella CGDE

Figure 21-34. Shade Material Library records are automatically created when Shading Layers are imported from the CGDB.
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21.3. Venetian Blinds — Between Glass (Integral)

21. Shading Systems

Glazing System Library: Define the glazing system with the venetian blind between two layers of glass

D& 31 Mame: Double low-e (argon) with inbetween horiz. VB (45 deq)
# 3 - Tilt: 30 ® IGHeight: 1000.00 mm
Environmental Shh v,
Conditions: NFRC 100-2010 R IG Width:  1000.00 mm /
Comment:
7
Overall thickness: 31.430 mm Mode: # [CIModel Deflection 1 2 3
Set Layer 2 to “Shade” using the
pulldown
/
D Mame Mode| Thick | DCenter |Flip| Tsol | Rsoll | Rsol2 | Tvis | Rvisl | Rvis2 | Tir
- |/ Glass 1 ¥+ 103 CLEAR_GDAT ] 57 Olo77 0.070| 0070 0884 0080 0030 0.000
2 Gap 1 »» 5 Air (10°%) / Argon (9074) Mix 26 10.000
= | Shade 2 ¥+ 3002 Slim White Open # 1438
- Gap 2 Hr 5 Air (10°%) / Argon (907) Mix 26 10.000
- | \Glass 3 ¥+ 103 CLEAR_GDAT # 57 Olo77 0.070| 0070 0884 0080 0030 0.000
Center of Glass Regults  Temperature Data  Optical Data  Angular Data  Color Properties  Radiance Results
| Kactor SC SHGC Rel. Ht. Gain Twis =i Layer 1 Keff Gap 1 Keff
Wim2-K Wim2 Wom-K Wim-K Wim-K
2790 0.826 0719 544 0.787 0.0918 1.0000 0.0287
Click on the doub
B Select
arrow to see the
Shading Layer
Library list Cancel Find D * 819 records found.
D Mame ProductMame Manufacturer Type
3001 Slim White VB 45 Slim White Vienetian Blind Pella Venetian (horizontal)
¥ . Slim White Open Slim White Venetian Blind Venetian (horizontal)
3003 Slim Marine Closed | Slim Marine Blue Venetian Blind  Pella Venetian (horizontal)
1004  Slim Marine 45 Slim Marine Blue Venetian Biind  Pella Venetian (horizontal)

Figure 21-35. For the middle layer in the Glazing System (Layer #2), select the venetian blind from the Shading System Library.

e Set Number of layers = 3
e Set Layer #2 to “Shade” (from pulldown arrow to the left in the first column)
o

Set Dtop, Dbot, Dright, Dleft to the appropriate values for the venetian blind geometry.
These distances are based on the distance between the top of the venetian blind (including
hardware) and the top (or left, right, bottom) of the glazing system.
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21.3. Venetian Blinds — Between Glass (Integral)

D # 31 MName: Double low-e (argon) with inbetween horiz. VB (45 deg)
# 3 S Tis 90 ° IGHeight 1000.00 mm
Environmental . o
Conditians: NFRC 100-2010 « | IGWidth: 1000.00 mm /
Comment:

"N

Overall thickness: 31430 mm Mode: # [ Model Deflection 1 3
D Name Mode| Thick | DCenter |Flip| Tsol | Rsoll | Rsol2 | Tvis | Rvis1 | Rwis2 | Tir El E2 | Cond | Dtop (mm) | Dbet {mm) | Dright {mm})| Dleft {mm)
= Glass 1 »» 103 CLEAR_G.DAT # 57 Jjo771 0070 0070 0834 0030 0030 0000 0240 0840 1.000
- Gap 1 v 9 Air (10%) / Argon (90%) 1 26 10.000
@ Shade 2 »» 3002 Slim White Open # 148 0.000 0.000 3.000
© Gap 2 b S Air (10%) / Argon (30%) 1 26 10.000 K
- Glass 3 »» 103 CLEAR_G.DAT # 57 [J]o771 0070 0070 0834 0030 0030 0000 0240 0840 1.000 v

Center of Glass Results  Temperature Data  Optical Data Angular Data  Color Properties  Radiance Results

Set values for Dtop, Dbot, Dleft,
Dright based on the geometry of the
blind product.

SC SHGC Rel. Ht. Gain Tuis Keff Layer 1 Keff Gap 1 Keff Layer 2 Keff Gap 2 Keff Layer 3 Keff
Wim2 Wom-K Wom-K Wom-K Wom-K Wom-K Wom-K
0.826 0719 544 0787 0.0918 1.0000 0.0287 16834 0.0302 1.0000

Figure 21-36. Define a Dtop, Dbot, Dleft and Dright in the Glazing System Library.
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21.3. Venetian Blinds — Between Glass (Integral) 21. Shading Systems

In THERM:

1. Frame Geometry: Draw the frame geometry, including Head, Sill, Jamb and Meeting Rail if
appropriate

2. Glazing System: Import the glazing system defined with the venetian blind (horizontal slats) into the
frame geometry. For this example, the Head cross section, the following settings were used in the
Insert Glazing System dialog box:

e Orientation: Down (for the Head cross section
® Cross Section Type: Head

® Spacer Height: 0 or 38.826 mm
You can use the spacer height value to make room for the Venetian blind hardware, or you
can set it to zero and pull the glass layers into the frame (make sure
Options/Preferences/Drawing Options has “ Allow Editing of IG Polygons” checked).

e Sight Line to bottom of glass: The sightline is defined by the edge of the venetian blind
hardware.

® Sight line to shade edge: In this case the value = 0.

L 'F Insert Glazing System

Orientation l Doy v]

Glazing system width | 23.43 rm

CR cawity height 1000 T

Once the glazing system is
inserted, pull the glazing system
layers up to meet the frame on

Sight line to battom of glass 38.826 i
gach side as needed.

of Spacer height W T

%4@3;&‘333 Dimension 635  mm

Glazing system height T i

Venetian Sight line to shade edge EI— mm

blind
hardware

\ < Uze nominal alazs thickness
Uze CR Model for Window Glazing Systems

Polygon Set the Sight Line to Bottom of Glass and Spacer

;Epr\tlesen:{ng Height to the value needed to allow room to fit the
M.eAene fan \ Venetian Blind hardware into the glazing system

+—— space. In this case it is set to 0, but it can also be
negative, which will allow the shade to fit up into
the hardware.

It is always possible to edit the glazing system

polygons after the fact using the “Allow Editing of
IG Polygons” in Preferences

Figure 21-37. Insert the glazing system with the Venetian blind
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21. Shading Systems 21.3. Venetian Blinds — Between Glass (Integral)

Fill in the remaining cavities and either model them as NFRC Frame Cavities or link them to the appropriate
glazing system cavity.

Pull the polygon representing
the Venetian blind up to meet

Use the Fill tool to fill the the head rail assembly
remaining cavities, then link hardware, or use the Fill tool
them to the appropriate to create a polygon, then link

glazing system cavity it to the Venetian blind

nalicAn

Link this polygon to the
glazing cavity because
the throat where it
connects to the glazing
cavity is greater than 5
mm.

Glazing cavity / Glazing cavity

These polygons are not linked to the
glazing cavity because the throats where
they connect to the glazing cavities below
are less than 5 mm

They are defined as “Frame Cavity NFRC
100”

Figure 21-38. Fill the remaining cavities and link to the appropriate glazing system cavities.
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21.3. Venetian Blinds — Between Glass (Integral) 21. Shading Systems

3. Create the other cross sections in this manner.

In the case of the Head and Sill cross sections, the Sight Line to Shade Edge is zero. However, for the
Jamb cross section, the blind does not touch the edge of the frame, but rather is 3 mm off the frame, so
the Sight Line to Shade Edge is non-zero.

Head Cross Section Sill Cross Section Jamb Cross Section

Figure 21-39. Head, Sill and Jamb cross sections for Non-retractable Open Venetian Blind
between glass layers (Integral)

4. Boundary Conditions: The program will not automatically insert a point in the exterior glass layer
for the SHGC Exterior U-factor tag, so you will need to do that by hand by editing the glazing
system. For Integral Venetian Blinds, the Shading System Modifier choice will automatically be set
to “None”
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21.3. Venetian Blinds — Between Glass (Integral)

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior

Insert a point on the
exterior boundary

BC = Adiabatic

| U-factor Tag = None

\

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor Tag = Frame

condition at the
sightline for the SHGC
Exterior U-factor tag

BC = NFRC 100-2010 Exterior
U-factor Tag = None

v

—

Rad

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Frame

BC = <glazing system name> U-factor Inside Film

iation Model = AutoEnclosure

U-factor Tag = Edge

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

v

t t

I
BC = Adiabatic
U-factor Tag = None

Figure 21-40. Define the boundary conditions for the Head Non-Retractable Open Venetian Blind cross section

WINDOW 8.1 User Manual

October 2026

21-41



21.3. Venetian Blinds — Between Glass (Integral) 21. Shading Systems

BC = Adiabatic
U-factor Tag = None

! v

o

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

v

BC = NFRC 100-2010 Exterior
U-factor Tag = None

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
/U-factor Tag = Frame

e

v

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure

U-factor Tag = Frame
BC = NFRC 100-2010 Exterior

U-factor Tag = SHGC Exterior

|

|
BC = Adiabatic
U-factor Tag = None

Figure 21-41. Define the boundary conditions for each Sill Non-Retractable Open Venetian Blind cross section
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BC = Adiabatic
U-factor Tag = None

;

v

o

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

BC = NFRC 100-2010 Exterior
U-factor Tag = None

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor Tag = Frame

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior

v

|
BC = Adiabatic
U-factor Tag = None

Figure 21-42. Define the boundary conditions for each Jamb Non-Retractable Open Venetian Blind cross section

5. Simulate each cross section and save the results.
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21. Shading Systems

In WINDOW:

1.

Frame Library: Import the THERM files into the Frame Library

Frame Library (C:\Users"Public'LBML\WWINDOW3. 1w 8 mdb)

Frame

Edge

Edge

Glazing Prd

D Name Source | Type Uvalue Uvalue | Comelation | Thickness Abs  |Color|  Last Updated
Wim2-K | Wim2K mm mm
0 .90 0 0-0 0

2 Aflush ASHRAE N/A 3570 MAA Class1 NAA h72 0.50 - 2026-10-08 1019
3 Wood ASHRAE N/A 2270 MAA Class1 NSA 698 0.50 - 2026-10-08 10:19
4 Vinyl ASHRAE N/A 1.700 MAA Class1 NSA 69.8 0.50 - 20261002 10:19
5  sample-head thmz Therm  Head 2024 2344 N/A 259 429 0.30 - 20261013150
6  samplejamb thmz Therm  Jamb 1543 2355 N/ 255 425 0.30 - 20261013 1501
7 sample-sil thmz Therm Sl 2018 2340 NAA 255 425 0.30 - 2026-10-13 15:00
8  sample-head-interiorVertian-45thmz | Themn  Head 2,166 1945 N/A 259 4229 030 [ 20261013 16:04
9  samplejamb-interiorVentian-45thmz  f Therm  Jamb 2022 2244 N/A 259 29 030 [ 20261013 16:04
10 sample=silHnteriorVentian-45thmz Therm Sl 2030 2245 | N/A 259 429 0.30 - 2026-10-13 16:04

Figure 21-43. Import the THERM files into the WINDOW Frame Library

Window Library: Construct the window using the THERM files in the Frame Library and the glazing
system defined in Glazing System Library

File Edit

List
Calc (F3)
MNew
Copy
Delete
Save

Report
[ Dividers
Dividers
[:] Awnings
Generic 1
Display mode:

Mormal

SHGCNT Detail

CR Detail

CRU Detail

Libraries

Becord Tools

View Help

IDE 3
Mame Sample Glz Sys

@bl 4R S IE N4 M| B

€0 :

Mode NFRC
Type Fixed {picture)

Width 1200 mm
Height 1500 mm
Area 1.800 m2
Tilt 90
Environmental Conditions

MFRC 100-2010

L4

B chedk glazing system compatibility

Total Window Results - Normal Inddence

U-factor 1.978
SHGC 0.603
VT 0.648
CR 47

CRU N/

Wim2+K

i

O#: @AV ?

&

Click on a component to display characteristics below

Glazing System

Mame

D
Mlayers
Area

Edge area

Sample GlzSys
8
2

1271 m2
0.305 m2

Ucenter
5C
SHGC

B
1,917 W/m2K
0.788
0.685
0.741

Figure 21-44. Define and calculate the window.
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21. Shading Systems 21.3. Venetian Blinds — Between Glass (Integral)

21.3.2. Closed Venetian Blind

This section describes modeling a Venetian blind in it’s closed position. The modeling procedures presented
here will apply to either a retractable or non-retractable Venetian blind.

[ ]

|
%
L

Figure 21-45. A closed Venetian blind between two glass layers.

= In WINDOW:

1.

Shading Layer Library: If the appropriate venetian blind product is not already in the Shading Layer
Library, import it from the Complex Glazing Database (CGDB). If the product is not in the CGDB, the
manufacturer will need to have the blind slat material measured and added to the CGDB before the
product can be simulated.

The Shading Layer should be defined with the venetian blind slats in a vertical position, or as
“closed” as the blind geometry allows.

Shade Material Library: When the Shading Layer Library is imported from the CGDB, WINDOW

will also import the associated Shade Material record for that Shade Layer into the Shade Material

Library. In general, this should be automatic and you should not have to manipulate the records in
the Shade Material Library

Glazing System Library: Define the glazing system with the venetian blind between two layers of
glass

= In THERM:

1.

3.
4.

Frame Geometry: Draw the frame geometry, including Head, Sill, Jamb and Meeting Rail if
appropriate

Glazing System: Import the glazing system defined with the venetian blind (vertical “closed” slats)
into the frame geometry

Boundary Conditions: For Integral Venetian Blinds, set “Shading System Modifier” to “None”

Simulate the model, save the results

= In WINDOW:

5.
6.

Frame Library: Import the THERM files into the Frame Library

Window Library: Construct the window using the THERM files in the Frame Library and the glazing
system defined in Glazing System Library
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21.3. Venetian Blinds — Between Glass (Integral)

21. Shading Systems

® These steps are illustrated in more detail in the following discussion.

= In WINDOW:
1.

Shading Layer Library: If the appropriate venetian blind product is not already in the Shading Layer
Library, import it from the Complex Glazing Database (CGDB).

¢ In the CGDB Shading Layer Library, for Venetian blinds that are defined as Type “Venetian”
(and not Type “BSDF”), there may be one or more definitions for the same Venetian blind
product. These different records will represent different geometries of the Venetian blind, such as
slat thickness, width and slat spacing. However, if you are modeling the same Venetian blind
product, but with a different slat thickness, width or slat spacing, you can make a new Shading

Layer Library and change the slat geometry.

e In this example, the Venetian blind has three records in the CGDB Shading Layer Library,
representing three different slat tilts - “Closed”, “45 degrees” and “Open”. For NFRC
certification, the 45 degree geometry is not needed, and therefore only the “Closed” and “Open”
records are imported from the CGDB, as shown in the figure below.

Shading Layer Library {C:\Users\Public\LBNL\WINDOWS 1w 8 mdb)

D

MName ProductName

Slim White VB Closed Slim White Venetian Blind
Slim White VB 45 Slim White Venetian Blind
Slim White Open Slim White Venetian Blind
Slim Marine Closed Slim Marine Blue Venetian Blind
Slim Marine 45 Slim Marine Blue Venetian Blind
Slim Marine Open Slim Marine Blue Venetian Blind

Manufacturer

Pella
Pella
Pella
Pella
Pella
Pella

Type

Venetian (horizontal)
Venetian thorizontal)
Venetian thorizontal)
Venetian thorizontal)
Venetian thorizontal)
Venetian (horizontal)

Material

White Venetian Blind Slat (white tx)
White Vienetian Blind Slat (white txt)
White Venetian Blind Slat (white tx)
Maring Venetian Blind Slat {marine txt)
Marine Venetian Blind Slat {marine txt)
Marine Venetian Blind Slat {marine txt)

Figure 21-46. Import the appropriate records from the CGDB Shading Layer Library
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21. Shading Systems

21.3. Venetian Blinds — Between Glass (Integral)

e If only one slat geometry is represented in the CGDB, import that record into the working
database, and then make new records for the missing slat geometries, so that there is a
separate Shading Layer record for both the Open and Closed geometries.

D #3000
M arme:
Product M anme:
M anufacturer:
Type:

b aterial:

Shading Layer Librarm

Slirn “White WE Clozed

Slirn *White Yenetian Elind
Fella

The Material references a
record in the Shade Material

Wenetian blind, horizontal <

31100 White Wenetian Blind Slat [wakt

Library, which is automatically
created when the Shading Layer
is imported from the CGDB.

Fermeability Factor 0957

Venetian Blind

Slat width: 14.808 [mm

Spacing: 12700 [mm \ —
Tilt: Custom angle \

Tilt angle: -80.000 - degrees

Blind thickness: (2571 |mm

Rize 0838 |mm \

Help \

The geometry for this record
represents the blind with the
slats in a closed position

Figure 21-47. Define the venetian blind geometry for the “closed” (vertical) slats

e Type: Venetian blind, horizontal

e Material: White Venetian Blind Slat; this pulldown references the record in the Material Library
that is associated with this Shading Layer. When a Shading Layer is imported from the CGDB,
the associated record for the material is automatically added to the Shade Material Library. If you
need to make a new Shading Layer record for a different slat geometry, make sure to reference
the same material record in the Shade Material Library.

o Effective Openness Fraction/Permeability Factor: The value is calculated based on the geometry

of the layer

e Slat Width: appropriate value, in this example 14.8 mm

e Spacing = spacing between each slat, in this example 12 mm

WINDOW 8.1 User Manual

October 2026

21-47



21.3. Venetian Blinds — Between Glass (Integral) 21. Shading Systems

o Tilt: “closed (-90)” or “closed (+90)” depending on the product geometry. If the shade is not
capable of reaching 90 at full tilt then the appropriate maximum achievable tilt is entered under
“Custom angle”.

s\a‘w\dﬁ‘ #
" ====_-4 slat thickness
T rise
: -
/==_. 4
spacing

e

~
%t
tilt angle

rd Fd
blind thickness

Figure 21-48. Venetian blind geometry definition

e Blind thickness: This value is not editable, and shows the width of the blind “assembly” based
on the slat tilt. In this “Closed” case, the blind thickness is very small.

e Rise: this value defines the curve of the slat, and is defined in the CGDB for each Venetian blind
product. It can be changed if it does not represent the slat curvature being modeled - this would
be necessary if the slat width was changed, for example.

2. Shade Material Library: When a Shading Layer record is imported from the CGDB, the Shade
Material is automatically imported, and therefore in general, it is not necessary to add or change
records in the Shade Material Library. However, you may need to reference existing records in the
Shade Material Library if you are defining a new Shading Layer record (for example to define a
differen slat geometry for a product).

Shade Material Library (C:\Users'\Public\LBML\WINDO'W2.1'w8.mdb)

D Name ProductMame Manufacturer | Source
11100 White Venetian Blind Slat (white tat) White Venetian Blind Slat Pella CGDB
11107 Marine Venetian Blind Slat (marine txt) | Marine Venetian Blind Slat Pella CGDB

Figure 21-49. Shade Material Library records are automatically created when
Shading Layers are imported from the CGDB.
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® Glazing System Library: Define the glazing system with the venetian blind between two layers of

glass
ID % 63 MName: Double low-e (argon) with inbetween hariz. VB (dosed)
# 3 : Tilt: 90 ® IGHeight: 1000.00 mm
Environmental ) <
o WFRC 100-2010 £ IG Width:  1000.00 mm
Conditions: | %
Comment: f
’
Overall thickness: 31,430 mm Mode: # [T Model Deflection 1 2 3
Set Layer 2 to “Shade” using the
pulldown
/
D Mame Mode| Thick | DCenter |Fip| Tsol | Rsoll | Rsol2 | Twis | Rvisl | Rwis2 | Tir El EZ2
- ss 1 w103 CLEAR_G.DAT # 57 Olo771 0070 0070 0834 0080 0080 0.000 0340 0.840
- Gap 1 »» 5 Air (10%) / Argon (90%) Mix 87 10.000
= | Shade 2 »» 3000 Slim White VB Closed # 26
- Gap 2 ¥» 5 { Air (10%) / Argon (90%) Mix 87 10.000
= | Glass3 k¢ 103 CLEAR_GDAT # 57 [Jjo771 0070 0070 0884 0080 0080 0000 0840 0840

Center of Glass Regults  Temperature Data  Optical Data  Angular Data  Color Properties

Radiance Results

| factor SC SHGC Rel. Ht. Gain Twis Keft Layer 1 Keff Gap 1 Keff Layer 2 Kefi
Wim2-K Wim2 Wim-K Wim-K Woim-K Woim-K
1972 0.212 0.184 150 0.040 0.0866 1.0000 0.0482 7.4057
Click on the double B Select
arrow to see the
Shading Layer Cancel Find D ~ 819 records found.
Library list
[n] Name ProductMame Manufacturer Type

Slim White VB Closed
Slim White VB 45

Slim White Venetian Blind
Slim White WVenetian Blind

002 | Slim White Open Slim White Venetian Blind Pella Venetian (horizontal)
003 | Slim Marine Closed Slim Marine Blue Venetian Blind  Pella Venetian (horizontal)
3004  Slim Marine 45 Slim Marine Blue Wenetian Biind  Pella Venetian (horizontal)
3005  Slim Marine Open Slim Marine Blue Wenetian Biind  Pella Venetian (horizontal)

| Venetian (horizontal)
Venetian (horizontal)

Pella

Figure 21-50. For the middle layer in the Glazing System (Layer #2), select the venetian blind from the Shading System Library.

e Set Number of layers = 3

e Set Layer #2 to “Shade” (from pulldown arrow to the left in the first column)

e Set Dtop, Dbot, Dright, Dleft to the appropriate values for the venetian blind geometry
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21. Shading Systems

D% 63 Mame: Double low-e {argon) with inbetween hariz. VB (dosed)
# 3 S ik 90 ° IGHeight 100000 mm
— - /
E”‘gg’ﬂ”&ﬂ;ﬁ'ﬂ?‘ NFRC 100-2010 «| IGWidt: 1000.00 mm 2
Comment: f
7
%
Overall thickness: 31,430 mm Mode: # ] Mode! Defiection 1 2 3
1] Mame Mode| Thick | DCenter Flip| Tsol | Rsoll | Rsol2 | Tvis | Rwis1 | Rvis2 | T E1l E2 | Cond | Dtop (mm) | Dbot {mm) | Dright {mm) | Dieft (mm)
~| Glass1 » 103 CLEAR_G.DAT # 57 Ojo77 0.070 0070 0.884 0.080 0080 0000 0840 0.840 1.000
@ Gap 1w 9 Air (10%) / Argon (90%) Mix 87 10.000
- | Shade2 ¥+ 3000 Slim White VB Closed # 26 0.000 0.000 3.000 3.000)
<| Gap2» 9 Ar(10%)/ Argon (90%) Mix 87 10.000 Y
v | Glass3 »» 103 CLEAR_G.DAT # 57 Ojo77 0.070  0.070 0.884 0080 0080 0000 0840 0840 1.000 Y
Set values for Dtop, Dbot, Dleft,
Dright based on the geometry of the
blind product.
Center of Glass Results  Temperature Data  Optical Data  Angular Data  Color Properties  Radiance Results
factor 5C SHGC Rel. Ht. Gain Tvis Keff Layer 1 Keff Gap 1 Keff Layer 2 Keff Gap 2 Keff Layer 3 Keff
Wim2-K Wim2 Wim-K Wim-K Wom-K Wim-K Wim-K W/m-K
0.212 0.184 150 0.040 10.0866 1.0000 0.0482 7.4057 0.0530 1.0000

Figure 21-51. Define a Dtop, Dbot, Dleft and Dright in the Glazing System Library.
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21. Shading Systems 21.3. Venetian Blinds — Between Glass (Integral)

In THERM:

1. Frame Geometry: Draw the frame geometry, including Head, Sill, Jamb and Meeting Rail if
appropriate

2. Glazing System: Import the glazing system defined with the venetian blind (horizontal slats) into the
frame geometry. For this example, the Head cross section, the following settings were used in the
Insert Glazing System dialog box:

¢ Orientation: Down (for the Head cross section

e  Cross Section Type: Head
Setting the Cross Section Type to the approriate value allows THERM to automatically insert
a polygon in the correct place for the Dtop (for Head), Dbottom (for Sill), Dright (for Right
Jamb) and Dleft (for Left Jamb).

e Spacer Height: 0
In this case, it was easiest to set the spacer height to 0 and pull the sides of the glazing sysetm
layers up to the frame on each side (make sure Options/Preferences/Drawing Options has
“Allow Editing of 1G Polygons” checked).

Once the glazing system is
inserted, pull the glazing
system layers up to meet the
frame on each side.

5 | Insert Glazing System

Orientation [ Diawn v]

Glazing spstem width | 23.43 i

CH cavity height W min
Sight line to bottom of glazz 38.911 mm

Draw the Spacer height 38.911 T

Sight line to

Venetian blind bottom of glass Edge of Glass Dimension B3.5 mm

head rail and Glazing system height 150 mm

assembly. Spacer height o e
Sight line to shade edge 0 mm

Uze nominal glass thickness
Uze CR Model for Window Glazing Systems

Sightline
(determined by Venetian blind hardware

Edge of Venetian blind touches the blind hardware (which
defines the sightline) so in this case the Sightline to shade edge
value = 0.

Figure 21-52. Insert the glazing system with the Venetian blind
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21. Shading Systems

Add Venetian Blind Hardware: Add the head rail assembly of the venetian blind between the polygon
representing Dtop and the polygon representing the Venetian blind.

= Fill in the remaining cavities by linking them to the appropriate glazing system cavity.

Link this polygon to
glazing cavity # 2 because
the throat where the two

cavities connect is > 5 mm.

See Section 6.4.4 for more
details about linking
cavities.

This polygon is linked
to glazing system cavity
# 1 below because the
throat connecting the
two cavities is > 5 mm.

See Section 6.4.4 for
more details about
linking cavities

v

I I

Glazing cavity #1 Glazing cavity #2

Use the 5 mm rule to divide up this
cavity as needed. Then use the Fill tool
to make a polygon that can be linked to
the glazing system cauvity.

Pull the polygon representing the

/Venetian blind up to meet the

head rail assembly hardware, or
use the Fill tool to fill the cavity,
then link it to the Venetian blind

nnlonn

This polygon is modeled as a frame cavity
because the throat where it connects to
the glazing system cavity is <5 mm wide.
See Section 6.4.4 for rules about linking
cavities to glazing system cavities

Link this polygon to glazing cavity #2
because the throat where it connects
to the glazing system cavity is >5 mm
wide. See Section 6.4.4 for rules
about linking polygons to glazing
cavities.

Figure 21-53. Fill the remaining cavities and link to the appropriate glazing system cavities.
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= (Create the other cross sections in this manner.

Head Cross Section Sill Cross Section Jamb Cross Section

Figure 21-54. Head and Sill cross sections for Closed Venetian Blind between glass layers (Integral)

WINDOW 8.1 User Manual October 2026 21-53



21.3. Venetian Blinds — Between Glass (Integral) 21. Shading Systems

® Boundary Conditions: For Integral Venetian Blinds, set “Shading System Modifier” to “None”

Boundary Condition Type @
Boundary - . 2
Caondition ’sample-|amb-lntegraNentlanﬁ-ﬂrE:Sample GlzSys - Integral Wenetian &, 45 degree v]
Surface ’ Edge hd ] —

Temperature 9.8 F He 080 Brufh-f2-F EDanci;?DnndEirﬁ[a[
Radiation Model  AutoEnclosure U-Factor Surface
Librar

Emizzivity 0840

Shading system modifier [NDHE v]

[7] Blacking Surface

Default Boundary Condition  zample-jamb-Integraldentiand-45:5 ample GlzSyz - Integral Wenetian &

Fiqure 21-55. For Integral Venetian blinds, set the Shading System Modifier to “None”.
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21.3. Venetian Blinds — Between Glass (Integral)

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior

BC = Adiabatic
U-factor Tag = None
]

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor Tag = Frame

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure

BC = NFRC 100-2010 Exterior
U-factor Tag = None

\ U-factor Tag = Frame

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

D ——

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

[

t t

I
BC = Adiabatic
U-factor Tag = None

Figure 21-56. Define the boundary conditions for Head Non-Retractable Closed Venetian Blind section
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BC = Adiabatic
U-factor Tag = None

l l

»
»

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

BC = NFRC 100-2010 Exterior
U-factor Tag = None

g

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Frame

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure

BC = NFRC 100-2010 Exterior U-factor Tag = Frame

U-factor Tag = SHGC Exterior

I
BC = Adiabatic
U-factor Tag = None

Figure 21-57. Define the boundary conditions for Sill Non-Retractable Closed Venetian Blind section
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BC = Adiabatic
U-factor Tag = None
|

l l

»
»

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

BC = NFRC 100-2010 Exterior
U-factor Tag = None

D

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

4/

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure

BC = NFRC 100-2010 Exterior U-factor Tag = Frame

U-factor Tag = SHGC Exterior

I
BC = Adiabatic
U-factor Tag = None

Figure 21-58. Define the boundary conditions for Jamb Non-Retractable Closed Venetian Blind section

®  Simulate each cross section and save the results
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= In WINDOW:
1. Frame Library: Import the THERM files into the Frame Library

Frame Library (C:\Users\Public® L BNL*WINDOWE. 1% w8 mdb)
I Name Source Type UF\rraaTuee UE\::Ia%Se Cnﬂgfion Tﬁlcjinegss Fid Abs  Color
Wim2K | Wim2-K mm mm

b 0 0.90 .
2 Aflush ASHRAE NsA 3570 NAA Class1 NAA 57.2 0.50 -
3 Wood ASHRAE N/A 2270 NAA Class1 NAA 69.8 0.90 -
4 Vimyl ASHRAE. NsA 1.700 N4 Class1 N4 658 050 -
5  Sample-head Therm  N/A 2024 234 N/A 259 429 0.30 -
&  Samplejamb Them  NAA 1943 2359  N/A 259 429 0.30 -
7 Sample-sil Themm  NAA 208 2340 N/A 2559 425 0.30 -
10 Sample-Head Exterior VB 45 Therm Sl 22 2235 N/A 259 429 0.30 -
11 Sample-Jamb Exerior VB 45 Therm  N/A 20m 2235 N/A 259 429 0.30 -
12 Sample-Sill Bxterior VB 45 Therm  N/A 22 2236 N/A 2559 425 0.30 -
20 Sample-Head Integral VB 45 Therm  N/A 2.000 2504 N/A 26.0 429 0.30 -
21 Sample-Jamb Integral VB 45 Therm  N/A 1997 2500  N/A 26.0 429 0.30 -
22 Sample-5il Integral VB 45 Therm  N/A 1997 2500  N/A 260 429 0.30 -
30 Sample-Head Interior VB 45 Them  NAA 2,166 1545  N/A 255 425 0.30 -
31 Sample-Jamb Interior VB 45 Therm  N/A 2160 1942 N/A 259 429 0.30 -
32  Sample-Sill Interior VB 45 Therm  N/A 2160 1942 N/A 259 429 0.30 -

Figure 21-59. Import the THERM files into the WINDOW Frame Library
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2. Window Library: Construct the window using the THERM files in the Frame Library and the glazing
system defined in Glazing System Library and calculate the results.

File Edit Libraries Record Tools Yiew Help

=L §ER@ BEurm [Boel: O#7@apVih 2

R

List ID# |4 v
; : Wk
: Calc (F9) | Name | THMZ sample Integral White 1-'|
Mode | NFRC v
MNew
Type |Fixed (picture) | Ex
Copy
Width 1200 | mm
Delete Height 1500 | mm

Save Area m2
Report Tiit

[ oividers Enwironmental Conditions
MFRC 100-2010 hd
Dividers
[ Awnings Check glazing system compatibility
Generic 1 b
Display mode: Total Window Results - Mormal Incidence
Normal W Clidk on a component to display characteristics below
Wim2-
Frame
MName | Sample-Sill Integral VB 45 e
SHECNT Detail jin} 22 Jedge 2.500 | W im2K
Source 2 Edge area 0.067 | m2
CR Detai Ufactor | 1.897 |W/m2+K PFD | 42.875
Area 0.050 (m2 Abs 0.300

Figure 21-60. Define the window.
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21.4 Woven Shades: Outdoor

Outdoor woven shades fall into the category of a dynamic glazing product and can be modeled in both their
fully open and fully closed positions in order to fully evaluate their performance. In the case of modeling
retractable outdoor woven shades as part of a dynamic glazing product, the fully open position would be the
state when the woven shade is completely retracted.

outside E—. inside outside |§—. inside

Figure 21-61. Outdoor woven shade is located on the outside of the glazing system.
The location of the shading system housing may or may not affect the sight line of the frame.

The following cases must be modeled for each outdoor woven shade configuration:
e OPEN - Woven shade in it's most transmitting state

e CLOSED - Woven shade in it’s least transmitting state

21.4.1. Open Woven Shade

There is one scenario for Open woven shades:

e Retractable / Open: Woven Shades that retracts up into an enclosure on the exterior of the frame.

outside |§—. inside

Figure 21-62. Retractable / Open Woven Shade

For Retractable / Open woven shades, one example will be illustrated:

o A woven shade fully retracted with a double glazed system.

21-60 October 2026 WINDOW 8.1 User Manual



21. Shading Systems 21.4 Woven Shades: Outdoor

21.4.1.1. Fully Retracted / Open Woven Shade With a Double Glazed System

The following section discusses how to model a fully retracted woven shade that has a housing at the top of
the woven shade that holds the rolled up shading material on a roller. Figure 21-64 shows the Head cross
section for a woven shade in the fully-retracted position with a double-glazed system.

In this example, only the Head section will be shown. All other cross sections (Jambs, Sills and Meeting Stiles)
are modeled normally, without any woven shade considerations.

In WINDOW:

1. Glazing System Library: Create the appropriate glazing system in the Glazing System Library. In
this case, it is not necessary to model a woven shade in WINDOW, because the shade is fully
retracted.

In THERM

2. Frame Geometry: Draw the frame geometry, including Head, Sill, Jamb and Meeting Rail if
appropriate

3. Glazing System: Import the glazing system defined in WINDOW (no woven shade modeling
needed) into the frame geometry. Make sure that the Sight line to bottom of glass value includes the
height of the block representing the closed woven shade, so that the Frame and Edge of Glass
boundary conditions and U-factor tags are defined automatically by THERM.

4. Boundary Conditions: Define the Boundary Conditions in the normal manner; no woven shade was
modeled in WINDOW, so the Boundary Conditions in THERM do not need to be modified for a
Shading System
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21. Shading Systems

Detailed Modeling Steps:

The following steps explain in detail how to create the Outdoor Woven Shade model.

In WINDOW:

1. Glazing System Library: Define the glazing system and add the outdoor woven shade defined in the
Shading Layer Library, in this example record 19, “Woven shade Gray, 25% open area” from the

CGDB.
File Edit Libraries PRecord Tools View Help
B 4EB@ BElM« >y B @l O#*7@aAYV% 2
<= D #: | 41 | Mame: | Double low-e {(argon) with ext. woven shade, 10% openness
E |5 i | 90]° 16 Height: 1000.00 [mm
N Environmental - - . . .
New Comitanz: NFRC 100-2010 16 Width:|_1000.00 |mm : :
Copy Comment: ‘ : :
Delete : :
Save Overall ﬁwickness:mm Mode: [IModel Deflection 1 2 3
Report
Radiance
D Mame Mode| Thick | DCenter |Flip| Tsol | Rsoll | Rsol2 | Twis | Rvisl | Rvis2 | Tir El E2 | Cond
| Shade 1 r» 24 Woven shade. Gray. 10% open area 10
- Gap 1 #r 1 Ar 127 13.200
| Glass2 »» 3110 SGSNGECE.grd H 56 [Jjo381 0299 0446 0757 0060 0050 0000 0840 0039 0997
- Gap 2 M+ 9 Air {(10%) / Argon (30%) Mix 127
| Glass3 »» 103 CLEAR_G.DAT #H 57 O}z 0070 0070 0.884 0080 0080 0000 0840 03840 1.000
<
Center of Glass Results  Temperature Data  Optical Data  Angular Data  Color Properties  Radiance Results
factor SC SHGC Rel. Ht. Gain Tvis Keff Layer 1 Keff Gap 1 Keff Layer 2 Keff Gap 2 Kefl
Wim2-K Wim2 Wom-K Wem-K W/m-K Wim-K Wim-K
] 0.081 0.070 59.1 0.070 00483 0.2797 0.0634 0.9969 0.0222
Figure 21-63. Construct the glazing system, adding the shading system as Layer 1, which is the outermost layer.
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In THERM:

2. Draw the Head cross section of the product frame. In this example, only the Head cross section needs
to be drawn for the “Open” case, because the jambs and sill are the same as if there was not a shading
system.

3. Draw the geometry of the housing for the woven shade, and the rolled up woven shade itself inside
the housing if applicable. Model the hardware inside the housing according to the guidelines in the
Shading System Modeling Overview section earlier in this manual.

4. Insert the glazing system.

Use the proper modeling technique where the frame meets the
surround panel, ie, model this void as an air cavity

rd

Housing for
woven shade
roller assembly

—

Woven shade material that
projects into the housing,
modeled as a polygon

— Double glazed system

Figure 21-64. Head cross section with fully retracted woven shade with a double-glazed system.
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5. Generate the Boundary Conditions.

BC = Adiabatic

U-factor Tag = None }

¥

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure

U-factor Tag = Frame
BC = NFRC 100-2010 Exterior

U-factor Tag = SHGC Exterior

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure

U-factor Tag = Edge

BC = NFRC 100-2010 Exterior
U-factor Tag = None
4—

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

[
»

&
<

-

BC = Adiabatic
U-factor Tag = None

Figure 21-65. Define the boundary conditions for the cross section
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6.
7.

8.

Calculate the results for this cross section.

Complete the calculations for the other product cross sections (Sill, Jambs and Meeting Rails / Stiles
as appropriate).

Import all the cross sections into the WINDOW Frame Library

Calculate the total product U-value, SHGC and VT in the Window Library.

21.4.2. Closed Exterior Woven Shade

According to NFRC 100 and 200, dynamic glazing products must be rated in both their fully open and fully
closed positions. This section describes modeling an Exterior Woven Shade in the closed position.

0

Figure 21-66. A closed Exterior Woven Shade.

= In WINDOW:

1. Shade Material Library: Make sure that the appropriate material is in the Shade Material Library. If
it is not, contact the manufacturer to submit data to the CGDB. For this example, we are using the
generic woven shade material called “Generic Woven Shade Material”.

2. Shading Layer Library: Reference the “Generic Woven Shade” material and define the Woven Shade
thread geometry in the Shading Layer Library

3. Glazing System Library: Define the glazing system with the closed woven shade on the exterior side
of the glazing system.

= In THERM:

4. Frame Geometry: Draw the frame geometry, including Head, Sill, Jamb and Meeting Rail if
appropriate

5. Glazing System: Import the glazing system defined with the woven shade into the frame geometry

6. Boundary Conditions: For Exterior Woven Shades, set “Shading System Modifier” to “Exterior
(Glazing System ID: <nn>)”"

7. Simulate the model, save the results
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= In WINDOW:
8. Frame Library: Import the THERM files into the Frame Library

9. Window Library: Construct the window using the THERM files in the Frame Library and the glazing
system defined in Glazing System Library

® These steps are illustrated in more detail in the following discussion.

= In WINDOW:

1. Glazing System Library: Define the glazing system with the appropriate woven shade layer on the
outside of the glazing system. See Shading System Overview section for detailed instructions for
adding shading systems to glazing systems.

2. Set Dtop, Dbot, Dright, Dleft to the appropriate values for the woven shade.
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" In THERM:

1. Frame Geometry: Draw the frame geometry, including Head, Sill, Jamb and Meeting Rail if
appropriate. In this example, the hardware for the woven shade is only drawn for the Head cross
section. The hardware on the bottom of the shade for the Sill is part of the shade layer and is not
drawn.

Exterior Roller
Shade Hardware in
the Head cross
section when the
shade is closed.

Figure 21-67. Draw the frame with the exterior woven shade continuous hardware, in this case for the Head cross section.

2. Glazing System: Import the glazing system defined with the woven shade into the frame geometry.
The important input value for shading layers is the “Sight line to shade edge” value. In the Head
cross section example below, the edge of the shade (at the bottom of the hardware) starts above the
sight line, so the “Sight line to shade edge” value in this case is negative.

Orientation [ Diawn

7]

Glazing spstem width | 23,43 i

CR cavity height W mm

Sight line ta bottom of alass W i
Spacer height W T

Edge of Glagz Dimenszion 615 mm

Glazing syztem height 150 i

Sight line to shade edge -7.7372 i

Sight line to shade edge

The woven shade graphic is displayed 7.7373 in this example
when the glazing system is imported.

It is not a true THERM polygon, but is

instead a reference for where the shade
is located

Figure 21-68. Insert the glazing system with the Exterior Roller Shade into the Head cross section.
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e For the Sill and Jamb cross sections in this example, the woven shade extends below the sight line
of the frame, so the “Slight line to shade edge” value is actually negative.

I"lnsm‘lG'laﬂ'ngSys‘lm

Orientation [ Diawn v]

\

The woven shade
graphic is displayed
when the glazing
system is imported.

Glazing system width | 23.43 i

CR cavity height W T

Sight line to bottom of glagse 11112 mm
Spacer height W T

Edae of Glazz Dimenzion EI5 mm
Glazing system height 181 mm
Sight ling ta shade edoe W i

t Sight line to shade

edge is negative
(-6.81 mm) in this
example

Fiqure 21-69. Insert the glazing system with the Exterior Roller Shade into the Sill and Jamb cross sections.
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Sill Cross Section Jamb Cross Section

Head Cross Section

Figure 21-70. Head, Sill and Jamb cross sections for Closed Roller Shade on the exteropr of a glazing system

3. Boundary Conditions: For Outdoor Woven Shades, set “Shading System Modifier” to “Exterior
(Glazing System ID: <nn>)" for the exterior boundary condition (NFRC 100-2010 Exterior) where the

shade projects onto either the glazing system or the frame.
==

Boundary Condition Type
Bound
Corniicr, | NFRC 100-2010 Exterior - o]
Surss
Sulfieen [ Nahe - ] ance
Temperatwe 180 He 248 ‘wim2-k CDanﬁ?onndEilﬁrar
Fiadiation Model  Blackbody SR
Emigsivity  0.783 Litwrar
Shading system modifier ’EHtEfiDl [Glazing System 1D:31] vl

Default Boundary Condition  Head-Ext Shade-P-MoRoller-Rik:NFRC 100-2010 Esterion

Figure 21-71. For Outdoor Woven Shades, set the Shading System Modifier to “Exterior (Glazing System ID: <nn>)" where
appropriate on the glazing system and frame.
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BC = Adiabatic

U-factor Tag=N
+ actor Tag = None }‘

A

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor Tag = Frame

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

BC = NFRC 100-2010 Exterior
U-factor Tag = None

. e . . . —
Shading modifier = Exterior (Glazing System ID: <nn>)

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

BC = Adiabatic

U-factor Tag = None

Figure 21-72. Define the boundary conditions for the Head cross section
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BC = Adiabatic
U-factor Tag = None

1

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

BC = NFRC 100-2010 Exterior

U-factor Tag = None

Shading Modifier =

Exterior (Glazing System ID: <nn>)

BC = <glazing system name> U-factor Inside
Film

Radiation Model = AutoEnclosure

U-factor Tag = Edge

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior
Shading modifier =

Exterior (Glazing System ID: <nn>)

v

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor Tag = Frame

BC = NFRC 100-2010 Exterior
U-factor Tag = SHGC Exterior

BC = Adiabatic
U-factor Tag = None

Figure 21-73. Define the boundary conditions for the Jamb and Sill cross section.

4. Simulate each cross section and save the results
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21. Shading Systems

= In WINDOW:

5. Frame Library: Import the THERM files into the Frame Library

Frame Library (C:\Users'Public\LBNL\WINDOWSE. 1w mdb)

Detailed View

Update D Name Source | Type Uva;aTuee UEdagIISe CorrEgﬁaTion Tﬁg:ri%gss Pfd Abs | Color

New Wim2-K | W/m2-K mm mim

3 0 050

copy 2 Aflush ASHRAE N/A 3970  N/A  Class] va o s72 0 o0s0
Delete 3 Wood ASHRAE N/A 2270 M/A  Class N/A 08 090 [
ind 4 Vinyl ASHRAE. N/A 1.700 M/A  Class N/A 68 090 [
D ~ 5  Sample-head THMZ Themn  N/A 2024 2344 N/A 259 29 03 [
:I 6  Samplejamb THMZ Thern  N/A 1.943 2359 N/A 759 29 03 [
7 Sample-sil THMZ Therm  N/A 2ma 2340 MN/A 759 29 030 [
Advanced... 10 Sample-Head Exterior VB 45 | Therm  N/A 2012 2235 N/A 3 429 03 N
records found. 11 Sample-Jamb Exterior VB 45 | Therm  N/A 20m 2235  N/A 259 29 03 [
Import 12 Sample-Sil Ederior VB45 | Therm  N/A 2mz 2236 N/A 259 29 03 [
20 Sample-Head Integral VB 45 | Therm  N/A 2.000 2504  N/A 6.0 425 0.30 -
Export 21 Sample-lamb Integral VB 45 | Therm  N/A 1.957 2500 N/A 6.0 425 0.30 -
Report 22 Sample-Sil Integral VB45 [ Therm  N/A 1.997 2500  N/A 260 29 03 [
Prirt 30 Sample-Head Interior VB 45 | Therm  N/A& 2,168 1545 N/A 5.5 425 0.30 -
- 31 Sample-Jamb Interior VB 45 | Themn  N/A 2.160 1842 N/A 759 29 030 [
32 Sample-5ill Interior VB 45 Them  N/A 2160 1942 N/A 759 29 030 [

Figure 21-74. Import the THERM files into the WINDOW Frame Library
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21.4 Woven Shades: Outdoor

6. Window Library: Construct the window using the THERM files in the Frame Library and the glazing
system defined in Glazing System Library and calculate the results.

List

MNew
Copy
Delete
Save
Report
[ Dividers
Dividers
[l Awnings
Generic 1

Display mode:

Mormal w

CR. Detail

ID# |6 o
Mame default

Mode NFRC 4
Type Fixed (picture) e
Width 1200 mm

Height 1500 mm

Area 1.800 m2

Tilt 90
Environmental Conditions

NFRC 100-2010 e

B check glazing system compatibility

Total Window Results - Normal Inddence

Click on & component to display characteristics below

U-factor 1.272 W2
Glazing System
SHGEC 0.088
VT 0.059
_ D 41
CR NfA Nlayers 3

Area 1,207 m2
Edge area 0.2983 m2

Ucenter
5C
SHGC

Mame  Double low-e {(argon) with ext. wovens ~  >>

1.043 W/im2K

0.084

0.073

0.071

Figure 21-75. Define the window.
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21.5. Insulating Shade Layers with Non-Standard Geometry 21. Shading Systems

21.5. Insulating Shade Layers with Non-Standard Geometry

THERM can be used to define the geometry and material properties for shading systems that are not
otherwise easily characterized in WINDOW. This modeling method can be applied to:

e Cellular Shades

e Pleated Shades

¢ Roman Shades

¢ Roller Shutters

e Louvered Shutters

e  Window Quilts

e Other shades with a complicated or mult-component geometry

This section will deal explicitly with how to model cellular shades and roller shutters. However, the
methodology presented here can be used for other shading systems as well.

The modeling steps are as follows:
e In WINDOW:

o Define the materials used for the shading layer in the Shade Material Library by either
adding it directly or importing a record from the CGDB or the Optics User Database.

= The optical properties of materials used to define the outer surfaces of the THERM
model should be measured in a spectrophotometer, even if they are opaque, in order
for Radiance to model the correct reflectance of the surface based on the geometry

e InTHERM
o In Radiance Mode, import the materials from the WINDOW Shade Material Library
o InRadiance Mode, draw the geometry of the shading layer in THERM
o Assign the materials defined in WINDOW to the geometry drawn in THERM

o Assign special boundary conditions, including both the “front” and the “back” of each
material

* Assign the outside boundary conditions as Illuminated Surfaces where required
e In WINDOW:

o Define the Shading System in the WINDOW Shading Layer Library, set the Type to “Therm
File (*.thmz)”, and reference the THERM file in the BSDF file input box.

o Enter the Permeability Factor (thermal) and Perforation Ratio (optical) of the Shading Layer.
o Calculate the Shading Layer and then use it in a glazing system and whole window.

* THERM will run Radiance in the background to generate a “genBSDF” XML file with
optical properties based on the materials and geometry of the THERM file

21.5.1. WINDOW: Define Shade Layer Library Materials

The materials that will be used for the shading layer drawn in THERM are first defined in WINDOW, and
then referenced from THERM.

The Shading Layer Materials that can be defined in WINDOW to be used to model the shading layer in
THERM can be transmitting or opaque, and spectral or non-spectral.
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21. Shading Systems 21.5. Insulating Shade Layers with Non-Standard Geometry

These materials must be added to the WINDOW Shade Material Library, so that they can then be imported
into the THERM Material library and used in the shading layer THERM model.

Records can be added to the WINDOW Shade Material Library either by directly making a new record in the
library and entering the average spectral data values “by hand”, or by importing a record from the CGDB or
the Optics User Database (data measured in a spectrophotometer can be imported into Optics and then
imported into the WINDOW Shade Material Library). See the WINDOW User Manual section on the Shade
Material Library for details about adding records to that library.

Either approach results in records in the WINDOW Shade Material Library that can be assigned to the
polygons in THERM that represent, for example, the cell walls in a cellular shade.

Shade Material Library (C:\Users'PublictLBNL\WINDOWE. T'w2.mdb)
D Name ProductMame Manufacturer Source
31033 CZ23_innerwalls bt CZ3 White/Alumium back Hurter Douglas CGDB
31034 C22-9517_innerwalls txt CZ2-951 Inner wall Hurter Douglas CGDB
31035 C22-951_outerwalls txt CZ2-951 Outer wall Hurter Douglas CGDB
31036 CZ2-951_glueline txt CZ2-551 Glue line Hurter Douglas CGDB
31037 C82_TransparentPlastic txt C&2 Transparent plastic Hurter Douglas CGDB
31038 D2_WhiteWallMaterial txt D2 White wall Hurter Douglas CGDB
31039 DV_WhiteOnSilverBack txt D7 White on Silver back Hurter Douglas CGDB
31040 D8_WhiteSheer txt D& - White sheer Hurter Douglas CGDB

Figure 21-76. The example materials above in the WINDOW Shade Material Library are used
to define cellular shade surfaces in THERM
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21.5.2. THERM: Therm File Properties Settings

In THERM, in the File menu, Properties option, Calculation Options tab, set the following options:
¢ Radiance Mode = Checked

The THERM file background color is gray when Radiance mode is checked. Radiance mode must be
unchecked for standard THERM calculations, so make sure to uncheck when not modeling non-standard
geometry insulating shade layers such as cellular shades, pleated shades or roller shutters.

THERM File Properties X

Therm File Properties  Calculation Options  Model Exposure  Miscellaneous

Hest Transfer Simulation Engine
Moigture S
HygroThem
Trangient #
Inttial Conditions Simulation Engine Parameters
Imitial simulation conditionz will be bazed on; Convergence Tolerance 105
Use values from text file (wam up section) Frelanation Paramater 1
|Jse first time step in text file ) —
Time Step 3600 e
lser defined - Constant values evenywhere
- Murnber of Time Steps 8670
Temperature 21 C
Relative Humidiy |50 % Mesh Control
() Quad Tree Mesher
Steady State © Simmetrix Mesher
Mo Time Variable tMesh Parameter 8

False transient fusing state BCs) Run Error Estimator

Initial Conditions W awirmum % Errar Energy Marm 10

ey
L]

Temperature 2 . _
b amirmum [terations B
Fielative Humidity 50

o

Miscell Parameters

Modeling Options u‘lllse Clfor G|EIZI-I;I; Systems
Water Liquid Transportation Check for Comect WINDOW BC on Glazing Systems
Heat of Evaporation Frame Cavity
Capillary Conduction Convection Model | 150 15059 o

Wapor Diffusion — Modd | Smpliied
jati implifie:
Temperature and Moisture Dependency on adistion e .

Themal Conductivity
Latent Heat of Fusion

Modeling Options
Automatically adjust relaxation parameter
Adjustment step 0.01
M awimurm iterations 25

View Factor Smoothing

Figure 21-77. File / Properties / Calculation Options
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21.5.3. THERM: Add the WINDOW Shade Materials to the THERM Material Library

Once the appropriate materials have been defined in the WINDOW Shade Material Library, they need to be
added to the THERM Material Library.

From the Library menu in THERM, select the Material Library option, which will open the Material

Definition dialog box.

Figure 21-78. In THERM, select the Libraries / Material Library option to add the

Libraries | Options Calculation  Window H

Material Library

Boundary Condition Library

Gas Library

Shift+F4
Shift+F5

WINDOW Shade Materials to the THERM Material Library

In the Material Definitions dialog box, click the Load Shade Material button to add a Shade Material record

from WINDOW to be used to define the material properties in THERM.

Click the New button to
create a new material,

which will display the _ e
J B | Material Definitions

Material Detail view
/

B Materials Librar Name  Default Name
Material Type
Detailed View -
(_) Solid
0
3-ply cross
Copy Aerated Col/ § lid Properties
Delete Aluminum Conductivity
Emissivity
Import
Porosity
— Spedfic Heat Capadty
(EELi Density
Print v
Save Lib As Lﬁsgtﬁe:zlde
Load Lib
Cellulnce

nfa
nfa
nfa
nfa

nfa

W m-K

kg
ka/m3

Liquid Transportation Redistribution

Water Content [ka/m3] Dl [m2/s]

Import Table

List View

Save

Cancel
Mew

Copy

:|V

Set Material 4)e to
“Shading Layer” which
causes the Load Shade
Material button to
become active

WINDOW Shade Material to the THERM Material Library (make sure THERM is in “Radiance” mode)

Figure 21-79. Click on the Load Shade Material button to add a
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The THERM Shade Materials dialog box will appear. The WINDOW Database section allows browsing to the
appropriate WINDOW database file where the shade materials have been defined. The Shade Material
pulldown list will show all the records in the WINDOW Shade Material Library. The optical and thermal
properties from the WINDOW Shade Material will be displayed below the Shade Material pulldown list.
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Shade Materials

WINDOW Database

Selected material have spectral

Use the Browse button to

— select the appropriate

WINDOW database with
the materials defined in
the Shade Materials

Load Shade
Material

C:Y blic\BML WWINDOWSE, 14w8.mdb W :
Wsers Publicy.BNL ws.m Bravse data. Spectral data are Library
averaged.
ID  Name .
: P The Shade Material
Shade Material 31040 D8 WhiteSheer, bt VS pulldown list will show all
the records defined in the
Solar Visible WINDOW Shade Material
Beam Diffuse Beam Diffuse Library.
Transmittance, front: 0.0000 0.3504 0.0000 0.8841 Select the appropriate
material for the cell wall.
Transmittance, badk: 0.0000 0.8504 0.0000 0.8841
Reflectance, front: 0.0000 0.1086 0.0000 0.1159
The optical and thermal
Reflectance, back: 0.0000 0.1066 0.0000 0.1159 properties displayed are
from the WINDOW Shade
Material Library
Emissivity, front: 0.3700 IR Transmittance;  0.5800
Emissivity, back: 0.3700 Conductivity: 0.1200
Click OK when the desired Shade Material is defined,
and this material will now be added to the THERM
Mateiral Library
B Material Definitions / *
Mame D&_WhiteSheer. txt List View
i Save
thenal Type Liquid Transpertation Redistribution o
(_)Solid
© 5hading Material Water Content [kg/m3] DI [m2/s] Cancel
Solid Properties New
Conductivity 0.120 Wm-K
Copy
Emissivity 0.370
Porosity nfa et
Spedfic Heat Capadty  n/a koK |:| o
Density nfa kg/m3

Import Table

Figure 21-80. The THERM Shade Materials dialog box allows browsing the WINDOW database
and selecting a Shade Material from that database.
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21.5.4. THERM: Define Shade Geometry Component in THERM

The next step is to define the geometry of the shade layer in THERM. If there are repeating components in the

shading system, only model ONE of those components, rather than an array of them. For example, only model one cell
for a cellular shade.

The sections following this general discussion contain examples for cellular shades and roller shutters, and
provide the details for creating these models.

21.5.5. THERM: Generate Boundary conditions

Generate the boundary conditions for the model

,*‘ File Edit View Draw Libraries Options Calculat elf
DEEHS E L@~ a<PLaQ 205 | FEU K

on Window Help

Generating Boundary Conditions X

When generating the new Boundary Conditions:

" Use the same library type as any existing or deleted boundary conditions, but
assign new emissivities based on maternial properties

® Use all of the properties of any existing or deleted boundary conditions

" |gnore all of the properties of any existing or deleted boundary conditions

OK El Cancel

Figure 21-81. Generate the Boundary Conditions

For THERM models that will be imported into WINDOW for modeling shading systems, there are special
rules for the boundary condition definitions.

The emissivity associated with a boundary condition is static to the material that was present when creating
the boundary condition. If a material is changed after the boundary condition is created then the incorrect
emissivity is displayed and the boundary conditions should be refreshed.

BC = Adiabatic
U-factor tag = None
Surface = Front
BC = ShadeOutE * BC = ShadelnE
U-factor tag = ShadeOutETag U-factor tag = ShadelnETag
Surface = Front Surface = Front

Frame Cavity Surface
Surface = Back

Frame Cavity Surface
Surface = Back

Frame Cavity Surface
Surface = Back

Frame Cavity Surface Frame Cavity Surface
Surface = Front Surface = Front

Frame Cavity Surface Frame Cavity Surfayv
Surface = Back

Surface = Back

Figure 21-82.Setting the Boundary Conditions
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21.5.6. THERM: Calculate the Model for Error Checking

Calculate the model before progressing to ensure there are no errors, such as voids in the mesh. If changes are
required, ensure all polygon and boundary conditions are re-linked to shade materials.

21.5.7. WINDOW: Create the Shading Layer

When the shading system model has been created in THERM, with the array of needed components, it is then
used to define the shading layer in the WINDOW Shading Layer Library.

In WINDOW, go to the Shading Layer Library, and create a new record

Libraries |
B window F2
Glazing System F5
Glass F3
€ cap F4
O Frame F7
H Divider Fa
i | Enwironmental Conditions F&
# | Shading Layer F11
B shade Material F12
A Awning
W vIG Gap

Figure 21-83. Select the Shading Layer Library

e Set Type to Therm File (*.thmz)
e BSDF File: Browse to thmz file created in Term

e (lick the Calculate button to calculate the BSDF file. NOTE: This calculation will take around 70
minutes.
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21. Shading Systems

Shading Layer Library
ID #: 54
Use the New Mew
> N Mame:  Cellular Shade. Single cell, light color, sheer

button to make a Copy

new Shading Layer = Product Mame:  ID54_CS

Library record Dl Manufacturer:  Generic

2ave Type: Therm File {*.thmz)

Set the Type to BSDF File: ¥MLVID54_CS.thmz

Therm File

Permeability Factor {thermal)
(*.thmz)

THERM File
Reference the

Therm File
(thmz)

N\

This value is
determined from
the THMZ file

el

Browse\
0.100  Openness {optical) 0.000

Use the Browse
button to select
the THERM THMZ
file just created

Enter the
appropriate value
for the optical
Openness

Click the Calculate button to generate the genBSDF XML file /
(created by Radiance) which is used to define the optical
properties of the shading layer.

A dialog box will appear, showing the progress of the
calculation. This calculation can take several minutes.

Progress ¥

[

Remaining time: 65:34
Running: SOLAR.bat

Marne

[ ID54_CS.thmz

When the calculation is complete, there
will be a <filename>_genBSDF.xml file

in the same directory as the original———,| @ ID54_C5_genBSDF.xml

THERM <filename>.thmz file.

Local Disk (C:) » Users » Public » LBML » WINDOWS.1 » XML

#

Size

5KB
2,125 KB

Figure 21-84. Create a new Shading Layer Library record, set the BSDF file to the THERM thmz file just created, enter the
appropriate values for Permeability Factor and Perforation Ratio, then click the Calc button to create the genBSDF file.
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The properties of the material from the WINDOW database are stored in the THMZ file, meaning that once

the file is saved, it is independent of any subsequent changes to the WINDOW database used to produce it.

Therefore, if the properties of materials used in the WINDOW database change, the THMZ file must also be
regenerated in order to keep the properties up-to-date.

Set the Permeability Factor (thermal):

This is the airflow permeability for the shading layer system. For single layer systems, such as pleated shades,
the permeability factor (thermal) of the single material is entered. For multiple layer systems, the shade
material with the lowest permeability factor (thermal) in the airflow critical path is used. The critical path for
several systems is illustrated in the figure below. This must be entered into the Shading Layer definition
before clicking the Calc button.

« Airflow path >
D > - >
<«
a) pleated b) single cell b) multi-cell d) stacked cell

Figure 21-85. Airflow critical path through cellular shade sytems. The shade material with the
lowest permeability factor in the airflow critical path determines the Permeability Factor.

Set the Openness (optical):

Optical properties of the shading layer are calculated with the Calculate button by Radiance. This calculation
is based on only the material properties and geometry in the Therm file (*.thmz). Large scale perforations in a
shade layer, which are not accounted for in the material properties or therm file (*.thmz) can accounted for by
determining the equivillent open area of the perforations and entering the ratio of open area to total layer
area as the Openness (optical). Perforations must be in a regular repeating pattern and distributed over the
entire layer area. The primary example for a shading layer of the Therm file (*.thmz) type with Openness
(optical) is a roller shutter with perforated slats. The Openness (optical) is calculated using the methods
described in the Perforated Screens section. This must be entered into the Shading Layer definition before
clicking the Calc button.

21.5.8. WINDOW: Add the Shading Layer to a Glazing System

Now that the shading layer has been defined in the Shading Layer Library, it can be added to a glazing
system in the Glazing System Library in the same manner as any Shading Layer.
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21.6. Insulating Shade Layers with Non-Standard Geometry: Cellular Shades

The steps in this section describe modeling a cellular shade, which has materials with non-zero transmittance
(visible, solar, and/or infrared). This example is a single cell cellular shade.

21.6.1. WINDOW: Define Shade Layer Materials

The cellular shade fabrics shown in the figure below were measured in a spectrophotometer, imported into
Optics, and then imported into the WINDOW Shade Material Library.

Shade Material Library (C:\Users'Public\LBNLVWINDOWE. 1w 8. mdb)
D Name ProductName Manufacturer Source
11033 C23_innerwalls bd C23 White/Alumium back Hunter Douglas CGDB
11034 C22-951_innerwalls b C22-357 Inner wall Hunter Douglas CGDB
11035 CZ22-551_outerwalls txt C22-551 Quter wall Hunter Douglas CGDB
11036 CZ2-551_glueline b C22-951 Glue line Hunter Douglas CGDB
11037 C82_Transparent Plastic tx C82 Transparent plastic Hurter Douglas CGDB
11038 D2_WhiteWallMaterial bd D2 White wall Hunter Douglas CGDB
11039 D7_WhiteOnSilverBack td D7 White on Silver back Hunter Douglas CGDB
11040 D8_White Sheer bd D8 - White sheer Hunter Douglas CGDB

Figure 21-86. The example materials above in the WINDOW Shade Material Library are used
to define cellular shade surfaces in THERM

21.6.2. THERM: Therm Preference Settings

In THERM, in the File menu, Properties option, Calculation Options tab, set the following options:
¢ Radiance Mode = Checked

o Checking Radiance mode will turn the THERM drawing background gray so that it is
obvious you are in Radiance mode.

21.6.3. THERM: Add the WINDOW Shade Materials to the THERM Material Library

Import the WINDOW Shade Material Library records needed to define the cellular shade in THERM, as
discussed in Section 21.5.3.

In the Material Library, do the following
e Click the New button, which opens the Material Definitiosn dialog box

e Material Definitions dialog box, set the Material Type to Shading Material, which causes the Load
Shade Material button to become active

e Click the Load Shade Material button to add a Shade Material record from WINDOW to be used to
define the material properties in THERM. This button only appears if you have checked “Radiance
Mode” in Options/Preferences.

When the materials from WINDOW have been imported, they will be available from the THERM pulldown
list of materials when defining polygons for the THERM model.
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21.6.4. THERM: Define Shade Geometry
The next step is to define the geometry of the cellular shade in THERM. Draw only one cell.

21.6.4.1. Generate DXF File for Cell Geometry

In the CAD program of your choice, create the geometry of a single cell, including the thickness for each cell
wall, and save as a DXF file ( *.dxf). Center the cell at 0,0.

Figure 21-87. Draw the cell geometry in a CAD program and export as a DXF file.
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21. Shading Systems

21.6.4.2. Import DXF as Underlay into THERM

Import the DXF as an underlay into THERM

C New
I Open...
Close
Save

Save As...

Underlay...
Export...
Import...

Properties...

‘.E,File Edit View Draw Libraries Options Calcula

Ctrl+N
Ctrl+0

Ctrl+5

Figqure 21-88. Import the DXF file as an underlay.

From the Underlay dialog box, browse to the *.dxf file and ensure that in the Scaling section, the units are

match the *.dxf correctly, i.e., SI (mm) or IP (inches).

Underlay Origin

Underlay d
File  |sMthermiC5_singleCell duf Browsze
Type [iF Remonve

Saling

Harizontal X

Units mm

S D units
W D units

ertical x

L

Set Calor

D=F Filter

Cancel

Figure 21-89. In the Underlay dialog box, make sure that Scaling has the correct setting for Units.
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THERM will display the underlay as a light gray drawing

Figure 21-90. The underlay imported into THERM.
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21.6.4.3. Create Polygons from the Underlay

Draw the polygons representing the walls of the cell and specify the correct material for each polygon, from
the materials created in WINDOW that are now available in the THERM Material Library.

Draw the polygons representing the walls of the cell, and select the appropriate material for the polygons, in
this case the newly created material.

Properties for Selected Polygon(s)

Material | ID54_C5:08 whiteSheer.tat

D240 Cancel

-~
II S Y

Attributes Library

Conductivity |0.0633 Btu/h-ft-F Attributes
Frant E mizsivity
Back Emissivity

Figure 21-91. Draw all the polygons by tracing the underlay and assigne the materials as needed.
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Create polygons for spaces between the cell walls and assign them to the “Frame cavity NFRC 100” material

Figure 21-92. Fill the spaces between the cell walls with Frame Cavity NFRC 100.
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21.6.4.4. Generate Boundary conditions

Generate the boundary conditions for the model

1I‘File Edit View Draw Libraries Options Calculation Window Help
DEES BE LS arLaQsrole FEu |k

Generating Boundary Conditions X

‘when generating the new Boundary Conditions:

" Use the same library type as any existing or deleted boundary conditions, but
assign new emissivities based on material properties

* Use all of the properties of any existing or deleted boundary conditions
" Ignore all of the properties of any existing or deleted boundary conditions

| oK EI Cancel

Figure 21-93. Generate the Boundary Conditions

The emissivity associated with a boundary condition is static to the material that was present when creating
the boundary condition. If a material is changed after the boundary condition is created then the incorrect
emissivity is displayed and the boundary conditions should be refreshed.

BC = Adiabatic

U-factor tag = None BC = ShadelnE

Surface = Front U-factor tag = ShadelnETag
BC = ShadeOutE Surface = Front

U-factor tag = ShadeOutETag
Frame Cavity Surface
Surface = Back

Surface = Front

Frame Cavity Surface Frame Cavity Surface
Surface = Back Surface = Back

L3

Figure 21-94.Setting the Boundary Conditions
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The boundary conditions should be set as follows:

There are two predefined boundary conditions and U-factor tags for the interior and exterior boundary
conditions of the cell geometry

e  Exterior surfaces
o Boundary Condition: ShadeOutE
o U-factor surface tag: ShadeOutETag

Boundary Cendition Type >
Boundary | _
Condition |ShadeOutE - |

U-Factor —
surioce [EEET w Cancel
Boundary

Condition Library
U-Factor Surface

Emissivity | N/A Library
Shading system MNone v
(®) Front
(_JBack
Figure 21-95. ShadeOutE Boundary Condition
e Interior surfaces
o Boundary Condition: ShadeInE
o U-factor surface tag: ShadeInETag
Boundary Condition Type >
L
Condition | ShadeInE i :
U-Facto
Sur?;cer ShadeInETag ~ Cancel
Boundary
Condition Library
U-Factor Surface
Emissivity | N/A Library
Shading system MNone w
(®) Front
() Back

Figure 21-96. ShadeInE Boundary Condition
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21.6.4.5. Calculate the Model for Error Checking

Calculate the model before progressing to ensure there are no errors. If changes are required, ensure all
polygon and boundary conditions are re-linked to shade materials

Figure 21-97. Calculate the model to make sure there are no meshing errors
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21.6.5. WINDOW: Create the Shading Layer
In WINDOW, go to the Shading Layer Library, and create a new record

Libraries ] Record Tools View Help
B window F2
|]|] Glazing System F5
Glass F3
€ cap F4
O Frame F7
H  Divider Fa
i  Environmental Conditions F&
[’é Shading Layer F11
B Shade Material F12
A Awning
' viG Gap

Figure 21-98. Select the Shading Layer Library

e Set Type to Therm File (*.thmz)

e BSDF File: Browse to the thmz file created in Therm

Shading Layer Library

List
= +F
Use the New button to make e ez S
a new Shading Layer Library = MName: Cellular Shade. Single cell, light color, sheer
record Copy ProductName:  ID54_CS
Delete

Manufacturer: Generic

y Type: Therm File (*.thmz)
Set the Type to

Therm File (*.thmz) —

BSDF File:  ¥ML\ID54_CS.thmz Browse

Permeability Factor (thermal) 0,100  Openness (optical) 0.000 ‘
L=t - =

; > |

The Permeability Factor and the Use the Browse

Openness values can be entered by button to select

the user the THERM
THMZ file just
created

Figure 21-99. Create a new Shading Layer Library record and set the BSDF file to the THERM thmz file just create, enter the
appropriate values for Permeability Factor and Perforation Ratio, then click the Calc button to create the genBSDF file..
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e Calculate BSDF file by clicking the Calculate button under the THERM File tab. NOTE: This
calculation will take around 70 minutes.

Progress

Remaining time: £5:34
Running: SOLAR bat

Figure 21-100. Calculating the BSDF file can take several minutes, depending on the computer.

The properties of the material from the WINDOW database are stored in the THMZ file, meaning that once
the file is saved, it is independent of any subsequent changes to the WINDOW database used to produce it.
Therefore, if the properties of materials used in the WINDOW database change, the THMZ file must also be
regenerated in order to keep the properties up-to-date.

Set the Permeability Factor (thermal):

This is the airflow permeability for the shading layer system. For single layer systems, such as pleated shades,
the permeability factor (thermal) of the single material is entered. For multiple layer systems, the shade
material with the lowest permeability factor (thermal) in the airflow critical path is used. The critical path for
several systems is illustrated in the figure below. This must be set befor clicking the Calc button, which runs
Radiance.

Airflow path >

«=\-> < > >
<

a) pleated b) single cell b) multi-cell d) stacked cell

Figure 21-101. Airflow critical path through cellular shade sytems. The shade material with the
lowest permeability factor in the airflow critical path determines the Permeability Factor.

Set the Openness (optical):

Optical properties of the shading layer are calculated with the Calculate button by Radiance. This calculation
is based on only the material properties and geometry in the Therm file (*.thmz). Large scale perforations in a
shade layer, which are not accounted for in the material properties or therm file (*.thmz) can accounted for by
determining the equivillent open area of the perforations and entering the ratio of open area to total layer
area as the Perforation Ratio (optical). Perforations must be in a regular repeating pattern and distributed
over the entire layer area. The primary example for a shading layer of the Therm file (*.thmz) type with
Perforation Ratio (optical) is a roller shutter with perforated slats. The Perforation Ratio (optical) is calculated
using the methods described in the Perforated Screens section. This must be set before clicking the Calc
button, which runs Radiance.
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21.7. Insulating Shade Layers with Non-Standard Geometry: Roller Shutters

The example below shows the steps to use when the layer has materials with zero transmittance (visible,
solar, and/or infrared), in this case a roller shutter, but these steps can be used for any non-standard shade
geometry, with opaque materials, that is defined using THERM.

21.7.1. WINDOW: Define Shade Layer Library Materials

Even though the materials are opaque, define them in WINDOW (from data measured in a
spectrophotometer, imported into Optics, and then imported into the WINDOW Glass Library) so that when
they are imported into THERM, they will have more properties (such as spectral data) defined than ordinary
THERM materials. These properties are used in Radiance for reflectance calculations that will be influenced
by the THERM model geometry.

There are two roller shutter examples presented here, one that is insulated and one that is not. The primary
modeling difference is in the boundary condition definitions.

21.7.2. THERM: Therm Preference Settings

In THERM, in the File menu, Properties option, Calculation Options tab, set the following options:

¢ Radiance Mode = Checked
This will cause the THERM drawing background to turn gray, as an indication that Radiance mode is
on.

21.7.3. THERM: Add the WINDOW Shade Materials to the THERM Material Library

Once the appropriate materials have been defined in the WINDOW Shade Material Library, they need to be
added to the THERM Material Library, as discussed in Section 21.5.3.

21.7.4. THERM: Define Shade Geometry for one shade segment

The next step is to define the geometry of the shade layer in THERM.

The THERM file will represent the geometry of the roller shutter. There are many ways to generate this
geometry in THERM, but the most common method is to create the geometry in a CAD file, and export a DXF
file that can be imported into THERM.

The DXEF file can either be traced in THERM or, if created correctly, THERM can autoconvert the polygons.

Create only one "component" of the shading system in THERM, even if those components repeat in the actual
shading system.

When the polygons have been defined for the model, the materials imported from WINDOW into the
THERM Shade Material Library should be assigned to the outer layers of the geometry. Inner polygons can
be defined with the normal THERM Material Library.

In the case of this roller shutter example, the same material, White Aluminum, is used on both the inside and
outside of the model. The following guidelines apply to modeling opaque materials

e For outer layers, always use materials that have been measured, even if the material is opaque.
Therefore, these materials should be imported from the WINDOW Shade Materials Library

WINDOW 8.1 User Manual October 2026 21-95



21.7. Insulating Shade Layers with Non-Standard Geometry: Roller Shutters 21. Shading Systems

e For inner layers, if they are surround by opaque materials (such as in this example, the insulation),
then those surrounded materials can be selected from the standard THERM Material Library, and do
not need to be imported from the WINDOW Shade Material Library

Insulated Roller Shutter slat Uninsulated Roller Shutter slat

Insulation

No interior boundary
conditions because it is
a solid material

Frame Cavity
Interior boundary
conditions are
defined because it is
an air cavity.

Figure 21-102. The boundary conditions will be defined differently depending on whether the
roller shutter slat component is air filled (hollow) or uninsulated.
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21.7.5. THERM: Generate Boundary conditions for one shade segment

Generate the boundary conditions for the model

1%1 File Edit Wiew Draw Libraries Options Calculation Window Help
ODEEE& B ho&@ | <]k L aQ 208 | F Ik |5

Generating Boundary Conditions >

When generating the new Boundary Canditions:

() Use the same library type as any existing or deleted boundary condttions, but
assign new emissivities based on material properties

© Use all of the properties of any existing or deleted boundary conditions
() lgnore all of the properties of any existing or deleted boundary conditions

Cancel

S ———_|

Figure 21-103. Generate the Boundary Conditions

The emissivity associated with a boundary condition is static to the material that was present when creating
the boundary condition. If a material is changed after the boundary condition is created then the incorrect
emissivity is displayed and the boundary conditions should be refreshed.
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BC = Adiabatic
—— U-factor tag = None —
Surface = Front

The cavity is filled with
opaque insulation, so no
boundary conditions are
defined on the inner side of
the metal wall

BC = ShadeOutE

U-factor tag = ShadeOutETag
Surface = Front

Illuminance Surface = Checked
(only for the center slat)

BC = ShadelnE
U-factor tag = ShadelnETag
Surface = Front

e

BC = Adiabatic
U-factor tag = None
Surface = Front

Figure 21-104.The Boundary Conditions for the insulated roller shutter case.
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21.7. Insulating Shade Layers with Non-Standard Geometry: Roller Shutters

BC = Adiabatic
U-factor tag = None
Surface = Front

BC = ShadeOutE

U-factor tag = ShadeOutETag
Surface = Front

Illuminance Surface = Checked
(only for the center slat)

BC = Adiabatic
U-factor tag = None
Surface = Front

set to
Quirfare = Rarlk

All the boundary conditions
next to the Frame Cavity are

Frame Cavity Surface

E mizzivvity

0300

() Front
@ Back

BC = ShadelnE
U-factor tag = ShadelnETag
Surface = Front

Figure 21-105.The Boundary Conditions for the uninsulated roller shutter case.
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The boundary conditions should be set as follows:

There are two predefined boundary conditions and U-factor tags for the interior and exterior boundary
conditions of the cell geometry

e  Exterior surfaces
o Boundary Condition: ShadeOutE
o U-factor surface tag: ShadeOutETag

Boundary Condition Type X
Bound
Congiiy, | ShadeOutE v
U-Fact
Sufa | ShadeDUET ag v Cancel

Temperature F He |1760.9: Btush-ft2-F Eoan?t?onndEi[Erary

U-Factor Surface

Emissivity 0653 Library

Shading systern modifier | Hone w

(®) Front
(O Back [ llluminated Surface

Figure 21-106. ShadeOutE Boundary Condition

e Interior surfaces
o Boundary Condition: ShadeInE
o U-factor surface tag: ShadeInETag

Boundary Condition Type >

e
U [ e hadelnE v

Condition

U-Fact
cufan | ShadelnETag v Cancel

Temperature F He [1760.9| Brush-f2-F Cnan?t?onndEirﬁrary

U-Factor Surface

Ermizsivity 0 B33 Library
Shading system modifier | Mone w
(®) Front

(O Back [ lluminated Surface

Figure 21-107. ShadeInE Boundary Condition
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21.7.6. Calculate the Model for Error Checking
Calculate the model before progressing to ensure there are no errors. If changes are required, ensure all

polygon and boundary conditions are re-linked to shade materials

VRN

il

Figure 21-108. Calculate the model to make sure there are no meshing errors
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21.7.7. WINDOW: Create the Shading Layer

In WINDOW, go to the Shading Layer Library, and create a new record

Libraries ] Becord Tools  View Help
B window F2
ll| Glazing system F5
Glass F3
€ cap F4
n Frame F7
H Divider Fa
i  Environmental Conditions F&
[’g Shading Layer F11
B shade Material F12
A Awning
Vo vIG Gap

Figure 21-109. Select the Shading Layer Library

e Set Type to Therm File (*.thmz)
e BSDF File: Browse to thmz file created in Term

Shading Layer Library

Name: | Raller Shutter Aluminum Insulated |

Product Mame: | Roller Shutter Aluminum Air Filled |

Manufacturer: | Generic |

Set the Type to | Type: ¥ |Therm File (* thmz) ~
Therm File (*.thmz) —— |

BSDF File: | JEMLUROLLAC A150_Al_Ins.thmz | Browse

Permeability Factor {thermal) Openness (optical)
| 3 <
Both Permeability Factor

(thermal) and Perforation Ratio
(optical) are set to 0.

Use the Browse button to select the
THERM THMZ file just created

Figure 21-110. Create a new Shading Layer Library record and set the BSDF file to the THERM thmz file just created.

Set the Permeability Factor (thermal):
Because this is an opaque material with well sealed joints, the Permeability factor = 0.

This is the airflow permeability for the shading layer system. For single layer systems, such as pleated
shades, the permeability factor (thermal) of the single material is entered. For multiple layer systems,
the shade material with the lowest permeability factor (thermal) in the airflow critical path is used.
The critical path for several systems is illustrated in the figure below. This must be set befor clicking
the Calc button, which runs Radiance.
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Set the Openness (optical):
Because this is an opaque material with well sealed joints, the Openness = 0.

Optical properties of the shading layer are calculated by Radiance when the Calculate button is
clicked. This calculation is based on only the material properties and geometry in the Therm file
(*.thmz). Large scale perforations in a shade layer, which are not accounted for in the material
properties or therm file (*.thmz) can accounted for by determining the equivillent open area of the
perforations and entering the ratio of open area to total layer area as the Openness (optical).
Perforations must be in a regular repeating pattern and distributed over the entire layer area. The
primary example for a shading layer of the Therm file (*.thmz) type with Openness (optical) is a
roller shutter with perforated slats. The Openness (optical) is calculated using the methods described
in the Perforated Screens section. This must be set befor clicking the Calc button, which runs
Radiance.

e Click the Calc button to calculate the gen_BSDF file. NOTE: This calculation can take several minutes.

Progress

Remaining time: 65:34
Running: SOLAR. bat

Figure 21-111. Calculating the BSDF file can take several minutes, depending on the computer.

The properties of the material from the WINDOW database are stored in the THMZ file, meaning that once
the file is saved, it is independent of any subsequent changes to the WINDOW database used to produce it.
Therefore, if the properties of materials used in the WINDOW database change, the THMZ file must also be
regenerated in order to keep the properties up-to-date.

This shading layer can now be used when defining a glazing system.
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21.8. Insulating Shade Layers with Non-Standard Geometry: Louvered Shutters

The example below shows the steps to use when the layer has materials with zero transmittance (visible,
solar, and/or infrared), in this case a louvered shutter, but these steps can be used for any non-standard
shade geometry, with opaque materials, that is defined using THERM.

21.8.1. WINDOW: Define Shade Layer Library Materials

Even though the materials are opaque, define them in WINDOW (from data measured in a
spectrophotometer, imported into Optics, and then imported into the WINDOW Shade Material Library) so
that when they are imported into THERM, they will have more properties (such as spectral data) defined
than ordinary THERM materials. These properties are used in Radiance for reflectance calculations that will
be influenced by the THERM model geometry.

Shading Layer Library (C:\Users"Public\LBML\WWINDOWE. 1%W 8. mdb)
[n] Name ProductMName Manufacturer Type
9100 L1_LouveredShutter_0 L1_LouveredShutter_0 Generic Louvered Shutter
9101  L1_LouveredShutter_45 L1_LouveredShutter_45 Generic Louvered Shutter
9102 L1_LouveredShutter_-45 L1_LouveredShutter_-45 Generic Louvered Shutter
9103  L1_LouveredShutter 87 L1_LouveredShutter 87 Generic Louversd Shutter

Figure 21-112. The example materials above in a WINDOW Shade Material Library are used
to define louvered shutter materials in THERM

21.8.2. THERM: Therm Preference Settings

In THERM, in the Options menu, Preferences tab, set the following options:
e Radiance Mode = Checked

o Checking Radiance mode will turn the THERM drawing background gray so that it is
obvious you are in Radiance mode.

21.8.3. THERM: Add the WINDOW Shade Materials to the THERM Material Library

Import the WINDOW Shade Material Library records needed to define the louvered shutter in THERM, as
discussed in section 21.5.3.

21.8.4. THERM: Define Shade Geometry for one shade segment

The next step is to define the geometry of the shade layer in THERM.

The THERM file will represent the geometry of the louvered shutter. There are many ways to generate this
geometry in THERM, but the most common method is to create the geometry in a CAD file, and export a DXF
file that can be imported into THERM.

The DXEF file can either be traced in THERM or, if created correctly, THERM can autoconvert the polygons.

Only create one of the louvered shutter slats in THERM, even if there are more slats in the real shading
system.
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When the polygons have been defined for the model, the materials imported from WINDOW into the
THERM Shade Material Library should be assigned to the outer layers of the geometry. Inner polygons can
be defined with the normal THERM Material Library.

In the case of this louvered shutter example, the same material is used on both the inside and outside of the
model. The following guidelines apply to modeling opaque materials

e For outer layers, always use materials that have been measured, even if the material is opaque.
Therefore, these materials should be imported from the WINDOW Shade Materials Library

e For inner layers, if they are surround by opaque materials (such as in this example, the insulation),
then those surrounded materials can be selected from the standard THERM Material Library, and do
not need to be imported from the WINDOW Shade Material Library

21.8.5. THERM: Generate Boundary conditions

Generate the boundary conditions for the model

1_!& File Edit View Draw Libraries Options GCalculation Window Help

D& B/ lho@ <]l LaQ 205 FEU|K

Generating Boundary Conditions *

‘When generating the new Boundary Conditions:

() Use the same library type as any existing or deleted boundary conditions, but
assign new emissivities based on material properties

© Use all of the properties of any existing or deleted boundary conditions
() Ignore all of the properties of any existing or deleted boundary conditions

Cancel

Figure 21-113. Generate the Boundary Conditions

The emissivity associated with a boundary condition is static to the material that was present when creating
the boundary condition. If a material is changed after the boundary condition is created then the incorrect
emissivity is displayed and the boundary conditions should be refreshed.
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BC = ShadelnE
U-factor tag = ShadelnETag

BC = Adiabatic
U-factor tag = None

BC = Adiabatic
U-factor tag = None

BC = ShadeOutE
U-factor tag = ShadeOutETag

Figure 21-114.The Boundary Conditions for a solid pine louvered shutter.
The boundary conditions should be set as follows:

There are two predefined boundary conditions and U-factor tags for the interior and exterior boundary
conditions of the cell geometry

e  Exterior surfaces
o Boundary Condition: ShadeOutE
o U-factor surface tag: ShadeOutETag

Boundar
Condition | L1 Louveredshutter 0:ShadeOutE v |

U-Factor

R deOutETsg <]
Condition Librar

[8],9

U-Factor Surface
Emissivity /A Library
Shading system Maone w |
@ Front
(") Back
Figure 21-115. ShadeOutE Boundary Condition
e Interior surfaces
o Boundary Condition: ShadeInE
o U-factor surface tag: ShadeInETag
Boundary E pa I
Condition |L1_Louvered5hutter_0:5hade1nE w |
U-Factor Cancel
surface ||"“"""'E i | m
Condition Librar
U-Factor Surface
Emissivity /A —
Shading system Mone v |
@ Front
JBack

Figure 21-116. ShadelnE Boundary Condition
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21.8.6. Calculate the Model for Error Checking

Calculate the model before progressing to ensure there are no errors. If changes are required, ensure all
polygon and boundary conditions are re-linked to shade materials

Figure 21-117. Calculate the model to make sure there are no meshing errors

21.8.7. WINDOW: Create the Shading Layer

In WINDOW, go to the Shading Layer Library, and create a new record

m Record Tools View Help
B window F2
m Glazing System F5
M Glass F3
@ Gap F4
O Frame F7
H  Divider Fa
i  Enwironmental Conditions F&
[’é Shading Layer F11
B Shade Material F12
A Awning

VoovIG Gap

Figure 21-118. Select the Shading Layer Library
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Type: Louvered Shutter (*.thmz)

Spacing: set to the spacing between the slats

BSDF File: Browse to THMZ file created in THERM

Angle: make a separate Shading Layer record for 0, 45, -45, and closed (generally not exactly 90

degrees).

Shading Layer Library
ID # 70001
Mame: Louvered Shutterl1-45 «— A separate Shading Layer should be
Product Name: defined for 0, 45, -45 and closed

(generally not exactly 90 degrees)
Manufacturer:  Generic
Type: Louvered Shutter (*,thmz) \ Set the Type to
Louvered Shutter (*.thmz)

BSDF File: ¥MLL1_LouveredShutter_45.thmz Browse

Permeahility Factor (thermal)  0.505

Louvered Shutter

Spacing: 64504 mm €—7mn
Angle: 45000 deg

Click the Calculate button to

Enter the angle of the slats.

generate the genBSDF XML file,
which can take un to 70 minutes

Use the Browse button to select the THERM
THMZ file just created.

Enter the spacing between
the slats

Figure 21-119. Create a new Shading Layer Library record and set the BSDF file to the THERM thmz file just created.
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e Click the Calc button to calculate the gen_BSDF file. NOTE: This calculation can take several minutes.

Progress

Remaining time: £5:34
Running: SOLAR. bat

Figure 21-120. Calculating the BSDF file can take several minutes, depending on the computer.

The properties of the material from the WINDOW database are stored in the THMZ file, meaning that once
the file is saved, it is independent of any subsequent changes to the WINDOW database used to produce it.
Therefore, if the properties of materials used in the WINDOW database change, the THMZ file must also be
regenerated in order to keep the properties up-to-date.

This shading layer can now be used when defining a glazing system.

Create a separate Shading Layer Library record for the four standard slat tilt angles:
e (degrees
e 45 degrees
e -45 degrees

¢ Closed: generally this is going to be somewhat less than 90 degrees due to the thickness of the slats

Shading Layer Librany (C:\Users\Public LBMLVWINDOWE. %W E mdb)
D Mame ProductMame Manufacturer Type
9100 L1_LouveredShutter 0 L1_LouveredShutter 0 Generic Louversd Shutter
9101  L1_LouveredShutter 45 L1_LouveredShutter 45 Generic Louvered Shutter
9102 L1_LouveredShutter -45 L1_LouveredShutter_-45 Generic Louvered Shutter
9103  L1_LouveredShutter 87 L1_LouveredShutter 87 Generic Louvered Shutter

Figure 21-121. Create a Shading Layer for the tilt angles required to be calculated.

NOTE: It is necessary to generate a separate THERM for each tilt, each with a separate name, although the
geometry can be the same for each one. The genBSDF filename will have the same name as the THERM file

Local Disk (C:) » Users » Public » LBMNL » WINDOW2E1 » XML

Mame Date modified Type Size

| | L1_LouveredShutter O.thmz B17/2025 2:26 PM THMZ File 17 KB
| | L1_LouveredShutter_43.thmz 6/17/202 THMZ File 17 KB
| | L1_LouveredShutter_-43.thmz B/17/2 THMZ File 17 KB
| | L1_LouveredShutter_87.thmz B17/2 THMZ File 17 KB
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Local Dhisk (C:) » Users # Public » LBML » WINDOWS1 » XML

Mame Date modified Size

L L1_LouveredShutter_0_genBSDFsxml 7472025 4:34 PM 2125 KB
L L1_LouveredShutter_45_genBSDFcml T/11/2025 &:32 PM 2,125 KB
L L1_LouveredShutter_-43_genBSDF.xml TA1/2025 Gedd PM 2125 KB
L L1_LouveredShutter_&7_genBSDFucml T/11/2025 &:57 PM 2,125 KB

Figure 21-122. Create four separate THERM files, one for each tilt angle, even though they will have exactly the same geometry.
Then generate the genBSDF XML files for each using the Calculate button in the Shading Layer Library detail view.

These Shading Layers can be added to the appropriate Glazings Sytems, THERM files, and Window Library
records.
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21.9. Perforated Screens

Perforated screens are shading materials that have a uniform geometry. Perforations must be in a regular
repeating pattern of a single shape (circular, square, or rectangular). Non-regular patterns can be
approximated by determining the equivalent area.

Permeability Factor is calculated by WINDOW based on the geometry of defined perforations. To utilize this
model, the referenced shade material properties must be the bulk material without perforations and should
represent a perfectly Lambertian diffusing material.

21.9.1. Shading Layer Library

The Shading Layer Library has a Type called “Perforated screen”. When that type is selected, the program
displays the input values for defining the type and geometry.

Shading Layer Library
ID# 28
Mame: Perforated screen. 8.7% open area

Product Mame:

M anufacturer: Generic
Type: Perforated screen
b aterial: 30107 Slat Metal &

Permeability Factor  0.08727

Perforated Screen

Geometry: Circular

Dimensions
Diameter: BEE] |mm

Thickness:

DE00  |mm
Spacing | @
Sx: 19050 mm
diameter
Sy 19050 mm s
thickness /\

Figure 21-123. Circular perforated screen model. Diameter, and distance between perforations is defined

In WINDOW, go to the Shading Layer Library, and create a new record.

Type Set to Perforated screen
Material Select the appropriate record in the Shade Material Library

Permeability This value is calculated automatically by WINDOW based on the geometry of the

Factor defined perforations. To utilize this model, the referenced Shade Material properties
must be the bulk material without perforations and should represent a perfectly
Lambertian diffusing material.
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Geometry Select from the following options

= (Circular
o Define diameter of typical perforation open area
o Define spacing between perforations in the x (Sx) and y (Sy) dimensions
o Eliptical shapes may be approximated as circular shapes using
equvillent area where the diameter, D, is related to the semi-major and
semi-minor axes of an ellipse as follows:

D =2 sqrt(AB)

circular elliptical

Figure 21-124. Elliptical perforations can be related to circular perforations by equivillent area

= Square
o Define length of the typical perforation open area
o Define spacing between perforations in the x (Sx) and y (Sy) dimensions

Permeability Factar |0.25000

Perforated Screen

Geometry:

——Sx——
Dimensions
W 5000 mm
|
Thickness: 0600 mm Sy B
Spacing l
S 10.000 mm

Sy: 10.000 mm £

thickness S

Figure 21-125. Square perforated screen model. Side lengths and distance between perforations is
defined
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*  Rectangular

o Define the Width (x) and Height (y) of the typical perforation open area

o Define spacing between perforations in the x (Sx) and y (Sy) dimensions

o Non-standard shapes may be approximated as rectangular shape using
equvillent area where the smallest dimension of the shape is equal to the
smallest dimension of the rectangle

Permeability Factor |0, 26000

Perforated Screen

Geometry: — S
Dimensions S
Width gc) [5.000 mm
Height 4 [5.000 mm x—‘ﬂ;wwj l
Thickness: 0600 mm S|y f—x—=f |
S
Sx: IW mm [
Sy: IW mm \\’/
thickness /

Figure 21-126. Rectangular perforated screen model. Width (x) and Height (y) side lengths, and
distance between perforations (Sx and Sy) is defined
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21.10. Homogeneous Diffusing shade

The homogeneous diffusing shade option in the Shading Layer Library utilizes shade material properties of
the bulk material without perforations and should represent a perfectly Lambertian diffusing material.

21.10.1. Create the Shading Layer in WINDOW

In WINDOW, go to the Shading Layer Library, and create a new record.
e Set Type to Homogeneous diffusing shade
e Set Material to record in the Shading Material database

e Set the Permeability Factor.

Shading Layer Library

D #:

Mame: | biffusing Shade |

Product MName: | |
Manufacturer: | Generic |
Type: Homogeneaous diffusing shade ~
Material: 31002 Diffusing shade material i

Permeability Factor (thermal) | 0.000

Figure 21-127. Homogeneous diffusing shade type from the Shading Layer Library. Material is defined in the Shading materil library.
Permeability factor is determined through measurements
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21.11. Awnings

Awnings are defined by the geometry of the awning (see the figure below) as well as the material of the
awning.

The material for the awning is selected from the Shading Layer Library.

The awning geometry is defined relative to a window, so that an awning defined in the Awning Library can
be applied to any window in the Window Library.

21.11.1. Awning Library

The Awning Library

Mame: |Awning 1A - Dark |
Product Mame: |Awning 1A - Dark |

Manufacturer: |Generic |

Shading Layer: | 10003 | Sunbrella awning, Black 4608 ~

Awning

= DL e — DR
Length (L): |[1515.000 | mm _L
Tilt {Alpha): degreesoff\tertical Dy ; \\

L
Distance from left side of window (OL): |1.000 mm T ' X
[ow | N
Distance from right side of window (DR): [1.000 mm

Distance from top of window(DH): |1.000 mm

Figure 21-128. Awning Library

In WINDOW, go to the Awning Library, and create a new record.

ID The unique ID associated with this record. Protected.
Name The name of the Awning being defined.

Product The product name of the Awning being defined.
Name

Manufacturer The name of the awning manufacturer.

Shading The name of the Shading Layer used to define the material of the awning. The

Layer pulldown list shows all the applicable Shading Layers that can be used to define
awning materials. The records from the Shading Layer library that can be used for
awnings are those that are defined as “Shade with XML data” in the Shading Layer
detail view, and “BSDF” in the Shading Layer List view.
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AWNING
Length (L)

Tilt (Alpha)

Distance
from

left side of
window (DL)

Distance
from

right side of
window (DR)

Distance

from top of
window
(DH)

Shading Layer Libram

Mame; |Sunbrel|a awning, Black 4603 |
Product Name: | Sunbrella swring. Black 4508 [54-45) |

Manufacturer: |Glen Raven |
Type: Shade with =ML data
BSDF File: |><ML\2D1 15445 ML | Browse

Permeability Factar 0.000

DeviceType Angle Basis Thickness Conductivity Emizzivity Front | Emissivity Back TIR

~ LBNL/Klems Ful 0.039 0.087 0.835 0835 0.057

Figure 21-129. Shading Layer records defined as Type = Shade with XML data
are those that can be used to define awnings.

The length of the awning, measured from the wall attachment to the end of the
awning. Units: mm (SI); inches (IP).

The tilt of the awning, measured from the vertical wall surface. Units: degrees off
vertical.

Distance from the left hand side of the window to the left hand edge of the awning.
Units: mm (SI); inches (IP).

Distance from the right hand side of the window to the right hand edge of the awning,.
Units: mm (SI); inches (IP).

Distance from the top of the window to the point where the awning is attached to the
wall. Units: mm (SI); inches (IP).
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21.11. Awnings

21.11.2. Applying Awnings to a Window

Unlike other shading systems that are applied to Glazing Systems, which are then used in a window,
awnings are applied directly to Windows.

An option to specify an awning for any window has been added to the definition of a window record in the

Window Library.
List D# 4 R
L Wi i
Cale (F9) Mame pample Glz Sys with Dark Awn
Mode MNFRC ~
MNew
Type Fixed (picture) il
Copy
Width 47.244 inches
Delete Height  59.055 inches
Save Area 19.38 ft2
Report Tilt a0
() Dividers Environmental Conditions
MNFRC 100-2010 bl
Dividers

H Awnings
Awning 14 - Dark €

B check glazing system compatibility
-

Display mode:

MNarmal

Total Window Results - Mormal Incdence

U-factor ? Btu/h-ft2-F
SHGC z
VT ?
CI ?
(oul ?

Total Window Results - Annual

SHGC ?

VT ?

Check this box to add an awning to this window.
Then select a record from the Awning Library.

Click on & component to display characteristics below

Figure 21-130. Awnings are applied directly to Window records.
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Checking the “ Awnings” box will allow records from the Awning Library to be selected either from the
pulldown list or by clicking the double arrow to the right of the pulldown list to open a dialog box showing

the list of records.

List ID# 4 v
Calc (F9) MName Sample Glz Sys with Dark Awn
Mode MFRC w
MNew
Type Fixed (picture) v e
Copy
B Select *
Delete
Save Cancel Find D ~ 8 reconds found.
Report
(J ividers D Mame Pﬁadnlflgt Manufacturer ShadingLayerlD
Dividers
B Awnings / b 1 Awning 1A - Datk  Awning 1A - Dark 13003
Awning 1A -Dark  ~ [>3 2 Awning 1A - Light | Awning 1A - Light Generic 13008
Display mode: 3 Awning 1B - Dark | Awning 1B - Dark Generic 13003
Marmal 4 Awning 1B - Light | Awning 1B - Light Generic 13008
5 Awning 24 - Dark | Awning 24 - Dark Generic 13002
6 Awning 24 - Light | Awning 24 - Light Generic 13008
e 7 Awning 2B - Dark | Awning 2B - Dark Generic 13003
SHGCNT De g Awning 2B - Light | Awning 2B - Light Generic 13008

Clicking the double arrow button will show the
list of records in the Awning Library

Figure 21-131. Access the list of awnings from the Awnings Library by clicking on the double arrow button

When you press the Calc button to calculate the window with the awning, a dialog box showing the progress
of the calculation will appear, while Radiance is calculating the optical properties of the window with the
awning. When Radiance has completed the calculation (which can take a few seconds up to many minutes)

the dialog box will close automatically.

Window

Calculating awning BSDF using Radiance

Figure 21-132. When calculating the window performance with an awning, a dialog box will appear during the Radiance calculation
of the optical properties of the system.
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21.11. Awnings

Results

When the program has finished the calculation, there will be two sets of results, one calculated at normal

incidence, and the other calculated as “annual results”. The values calculated at normal incidence will

generally not be relevant for awnings, so the Annual results will be more useful. See the AERC technical

documentation for a description of Annual results.

Save

Repart
|| Dividers
Dividers
ﬂ.ﬁ.wnings
Awning 14 -Dark ==
Display mode:

Marmal

SHGCNT Detail

ID# 4 Ly
Mame Sample Glz Sys with Dark Awn

Mode NFRC ~
Type Fixed (picture) W R
Width 47.244 inches
Height 59.055 inches

Area 19.33 ft2

Tilt 90

Environmental Conditions
NFRC 100-2010 ~

B check glazing system compatibility

Total Window Results - Normal Incidence

U-factor 0,348 Btu/h-ft2-F
SHeC  0.009
VT 0.007
9 57
CIu /A

Total Window Results - Annual

Click on & component to display characteristics below

Annual results for the

SHGC ~ 0.036 7 window and awning
VT 0.035

Figure 21-133. For awnings, the “Annual” results will be more relevant.
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22. Special Cases

22.1. Overview

Many special cases are covered in this section including;

®  Meeting Rails

= Dividers

= Storm Windows

= Skylights

® Doors

®  Spacers

® Non Continuous Thermal Bridge Elements

®  Site Built Fenestration Products, Curtain Walls, Window Walls and Sloped Glazing
® Garage / Rolling Doors

® Creating a Laminate in Optics for NFRC

® Creating an Applied Film Layer in Optics for NFRC Certification
® Framed Intermediate Pane

®  Complex Glazing Database
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22.2 Meeting Rails

Meeting rail cross sections are the stiles or rails that meet in the middle of a sliding window. In this manual,
the term "meeting rail' is used generically to describe meeting rails, meeting stiles, interlock stiles,
interlocking stiles, sliding stiles, check rails, and check stiles.

22.2.1. Modeling Meeting Rails

When modeling a meeting rail, both the sashes and their associated glazing systems are modeled. Figure 20-1
shows an example of the meeting rail from a horizontal aluminum slider.

Creating the cross section for a meeting rail is no different than any other model in THERM. A few things to
keep in mind are:

* Two glazing systems are imported, one facing up and one facing down

¢ Interior boundary conditions for each of the glazing systems are labeled with the Edge U-factor tag,
and the program averages the values for both to derive one Edge U-factor.

e Model the meeting rail with the glazing systems facing up and down. If the DXF file is drawn with
them in a horizontal position, draw the frame cross section, and then rotate it before inserting the
glazing system.

The following discussion lists the steps for making a cross section with two glazing systems and assigning the
correct boundary conditions.

Exterior Interior T

Edge-of-glass

A

Sightline

The Sightline determines the Edge-
of-glass delimeter for the Boundary
Conditions

Frame

Sightline

Edge-of-glass

Figure 22-1. Meeting rail cross section.
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22. Special Cases 22.2 Meeting Rails

22.2.2. Steps for Meeting Rail U-factor Calculation

1. Using dimensioned drawings or a DXF file, create the cross section for the frame portion of the meeting
rail. In the figue below, the frame for the horizontal aluminum slider meeting rail has been created.

Sweep

Step 1:

Draw the frame portion of the meeting rail
cross section, including both sash
elements, and the sweeps between them.

The interior surface of
extrusions, which are
generally unpainted metal,
should have an emissivity of

0.2.
Define the air between the sashes as

F ity NFRC 100.
rame Cavity C 100 Sash 2

Sash 1

Emissivity of interior
surfaces of unpainted
axtriicinn =N 2

Sweep

Figure 22-2. Frame portion of meeting rail cross section.

2. Position the Locator (using the Draw/Locator menu choice, or pressing Shift F2) in the lower left corner
of the frame where the first glazing system will be inserted, as shown below.

Step 2:

Position the Locator (using Shift F2 or the
Draw/Locator menu choice) in the lower left
corner of the frame where the glazing system
will be inserted.

Figure 22-3. Position the Locator for the first glazing system.
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22.2 Meeting Rails

22. Special Cases

Using the Libraries/Glazing Systems menu option (or the F6 key), insert the upper glazing system, as shown in Figure 20-4. In this
example, the spacer will be copied and pasted into the cross section later. Add a spacer and use the Material Link (Library/Create
Link) to link the glazing system cavity conductivity with adjacent cavities in a spacer

3. Insert the glazing system using the Libraries/Glazing Systems menu choice or the F6 key. Specify the appropriate
values in the dialog boxes (such as Orientation = Up) and then click on which is open to the glazing system

cavity, if necessary.

",'E‘F\\e Edit View Draw Lbraries Options Calculstion ‘window Help

Dﬁﬂé\\lﬁ. o & "I“ =k HQf©|BE H,? & u ‘V:H??FrameCavilySurlace?? j

Step 5:

Use the Material Link feature

to fill the polygon below the

glazing cavity with the same

material as the glazing cavity

itself.

®  Fill the space with any
material

= Select the polygon

"  Goto Libraries/Create
Link menu option

Step 4: = With the Eye Dropper
Insert the cursor, click on the
spacer

glazing system cavity.

IKT]

Step 3: the OK button and the glazing system will be imported.

b, v -132.2,-120.9 len 46 |Step 10,0 [om |

Ready

[dx,dy 0.5, 45

g aysier

Glazing System Name: Sample GlzSys
Glazing System ID: 8

Crientation Up b

o
wn
3
]

Glazing system width 25.

mm
CI cavity height 1000 mm mm
Sight line to bottom of  25.4 mm
Spacer height 25.4 [
Edpge of Glass Dimension  63.5 A/
Glazing system height 150 4 "
Sight line to shade edge 0 —

B Use nominal glass thickness

B8 Use CI Model for Window Glazing Systets
Gap Properties

Opefault  Gap | o

() Custom
Width

16.51

Condensation
[J calculate Unsealed Gap Condensation

Spacer
) oraw spacer
B single spacer for multiple glazings

Material  Fiberglass (PE Resin)

Default Boundary Conditions

0 Use U-factor values
() Use SHGC values

Exterior Boundary Condition
Use existing BC from library (select below)

MNFRC 100-2010 Exterior

OK

Cancel

Edge of Glass Dimension

=63.5 mm (2.5 inches)

Glazing system height

=150 mm (6.0 inches)

The Site line to shade edge is only
for modeling shading systems and
so for NFRC ratings, shall always
be 0.

Keff 004924 W/mK

mm

®  Exterior Boundary Condition =
Use existing BC from library,
NFRC 100-2010 Exterior

= |Interior Boundary Condition

= Use convection plus enclosure
radiation

Interior Boundary Condition

e Use convection plus endosure radiation

Figure 22-4. Insert the first glazing system.
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22. Special Cases 22.2 Meeting Rails

4. Reposition the locator to the upper left corner for the 24 glazing system.

Step 4:

Reposition the Locator in the
upper left corner of the frame for
the 2" glazing

Figure 22-5. Reposition the Locator for the 2n glazing system.

5. Insert the 2nd glazing system, setting the Orientation to “Down”, and entering the correct values for Sight
line to bottom of glass and Spacer height.

].';Eifile Edit View Draw Libraries Options Calculation Window Help _|E'|£|

DEE&EE Iboe-la<lptaq 2<% FEU % |[3mmce

B " Insert Glazing System

Glazing System Mame: Sample\GlzSys Step 7:

Glazing System ID: 8 Clicks on “Add as additional

Orientation D ¢ . glazing system”.

Insert Glazing System X
Glazing system width 26.51

() Replace Existing Glazing System
0 Add as additional glazing system:

CI cavity height 1000

Sight line to bottom of 25.4

Spacer height 25.4

Edge of Glass Dimension 63.5

Glazing system height 150

Sight line to shade edge 0

Step 6:

Insert the 2" glazing
system

(Orientation = Down)

v

B Use nominal glass thickness
B Use CI Model for Window Glazing Systems

Gap Properties
© Default Gap |1 Keff §.pagza WM+

O Custom -
Width 16.51 mm

Figure 22-6. Insert the 2d glazing system.
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22.2 Meeting Rails 22. Special Cases

6. Add spacers and create materials linked to the glazing system cavity if necessary.

Add spacers and link materials to
the glazing system cavity

Figure 22-7. Add custom spacers.
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22. Special Cases 22.2 Meeting Rails

7. Define the boundary conditions by pressing the Boundary Conditions toolbar button, or clicking on the
Draw/Boundary Conditions menu choice, or pressing the F10 key. Make sure that the interior boundary
conditions are set to Radiation Model = “ AutoEnclosure”. Assign the Edge U-factor tag to each of the
interior glazing system boundary conditions, as shown in Figure 20-8.

BC = Adiabatic
; * U-factor Tag = None
—> Q—‘
BC = <glazing system name> U-factor Inside Film

Radiation Model = AutoEnclosure
U-factor Tag = None

BC = NFRC 100-2010 Exterior
U-factor Tag = None

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

BC = Interior <frame type> (Convection only)

BC = NFRC 100-2010 Exterior Radiation Model = AutoEnclosure
U-factor Tag = SHGC Exterior U-factor Tag = Frame
Sightline

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

BC = NFRC 100-2010 Exterior
U-factor Tag = None

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

»
»

-

BC = Adiabatic
U-factor Tag = None

Figure 22-8. Define the Boundary Conditions for the meeting rail.
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22.2 Meeting Rails 22. Special Cases

8. Run the simulation, by pressing the Calc toolbar button, clicking on the Calculation/Calculation menu
choice, or pressing the F9 key. The U-factor results are calculated for the Frame and Edge U-factor tags,
as shown in the figure below.

U-Factors
Ufactar detta T Length
Wim2-K = mm Rotation
SHGC Exterior 7.3440 390 535427 500 Projected in Glass Plane
Frame 7.0959 33.0 433017 500 Projected in Glass Plane
Edge ~ | 20267 390 130,177 500 Projected in Glass Plane
Display
O Udactor
() Rvalue
% Emor Energy Nom  8.57% Export

Figure 22-9. Calculate the results.

9. Import the THERM file into the WINDOW Frame Library.

22.2.3. Steps for Meeting Rail Condensation Calculation

The Condensation model is only appropriate for horizontal meeting rails (found in vertical sliding products) -
THERM will not calculate the Condensation for a file with the Cross Section Type set to “Vertical Meeting
Rail”.

There are two methods for calculating the Condensation Resistance information in THERM, which will be
used in WINDOW to calculate the total Condensation Resistance of the product:

*  Check the “Use CI Model for Window Glazing System” checkbox when importing a glazing system

OR

* In the File menu, Properties choice, Calculation Options tab, check the “Use CI for Glazing Systems” as
shown in the figure below.

Miscellaneous Parameters

[ Radiance Mode

B Use Clfor Glazing Systems:

"] Check for Comect WINDOW BC on Glazing Systems

Figure 22-10. In File/Properties/Calculation Options, check the “Use CI Model for Glazing Systems” checkbox.

When the CI model has been “turned on”, red boundary conditions will appear inside the glazing system,
and the following steps should be taken to simulate the file:

1. Check the emissivities of these boundary conditions. They should be the following:

*  Emissivity of the surrounding surface, such as 0.84 for standard glass, 0.90 for most frame materials,
0.20 for metal, and so forth.

= 1.0 for the adiabatic (open end) of the glazing cavity.
*  Actual cavity height

2. Simulate the model. The program will calculate both U-factor results and the Condensation Index results.
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22. Special Cases 22.2 Meeting Rails

3. Import the results into the WINDOW Frame Library and use the meeting rail file to create the whole
product in the Window Library as applicable.

Figure 22-11. Red boundary conditions will appear inside the glazing system when the
Condensation Resistance feature is activated.

4. Check the emissivities of each of these boundaries. Note that Condensation Resistance is only modeled
for horizontal meeting rails (such as in a double hung window).
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22.3 Dividers 22. Special Cases

22.3 Dividers

22.3.1. Internal Dividers (Suspended Grilles)

The criteria for when dividers are modeled can be found in NFRC 100. The discussion below describes the
methodologies in WINDOW and THERM for modeling dividers when that criteria is met.

22.3.1.1. Modeling Steps

The modeling steps in THERM and WINDOW are the same for all divider shapes and all possible gas fills, in
contrast to modeling steps in previous versions of THERM.

Linking Frame Cavities and Glazing Cavities

Internal dividers are an exception to the rules for linking frame cavities to glazing cavities. Internal dividers
are only modeled if the distance between the exterior sides of the divider and the inside surface of the glazing
system are less than or equal to 3 mm. Therefore, even for contoured internal dividers, a simplifying
assumption is made that the 5 mm rule is not applied. The space between the divider edge and the glass are
modeled as frame cavities, and the boundary of that cavity extends to the top and bottom of the divider
component. See the following examples for detailed descriptions.

Modeling Steps
The modeling steps are the following;:

In WINDOW:
= No new work is required, because the same glazing system that is used to model the rest of the product is
used in the divider model.

®= InTHERM:

*  The new ISO 15099 modeling assumptions would theoretically warrant modeling horizontal and vertical
dividers separately. However, a conservative simplification is to model all dividers, including horizontal
ones, as vertical dividers. Therefore, only one divider model is created in THERM and referenced in
WINDOW.

= Set the Cross Section Type to “Vertical Divider” for all dividers.

* Insert the glazing system twice, once facing up, with a spacer height defined as the same height as the
divider height, and once facing down with the spacer height set to zero.

* NOTE: For dividers modeled as “Vertical Dividers” the CR model is not run in THERM for these files. However,
WINDOW will still calculate a whole product CR value when these dividers are used in a product, by
using the U-factor temperatures for the dividers.

* Draw the true geometry of the divider in the upper glazing system, in the “spacer” area.

* Depending on the fill of the glazing system, assign the appropriate frame cavity material to the cavities
between the glazing system and the divider, as well the cavity inside the divider, as follows:

+ For air-filled dividers: Assign “Frame Cavity NFRC 100-2010” material

+ For gas-filled dividers: Create a new material in the Material Library that is identical to the “Frame
Cavity NFRC 100-2010” material, except that the gas used in the glazing system, found in the Gas
Library, is referenced in the Gas Fill field. Assign this new material to the cavities in the divider. (See
the example below)

= Assign Boundary Conditions.

* Simulate the results.

Import the file into the WINDOW Divider Library. Reference the Divider as appropriate from the Window
Library when constructing the whole product.
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22. Special Cases 22.3 Dividers

22.3.1.2. Air Filled Glazing Systems

The modeling steps for a divider with an air-filled glazing system are explained in detail in the following
pages.

In THERM:

1. Set the Cross Section Type to “Vertical Divider”.

2. Import the glazing system for the divider, which is the same glazing system as the rest of the product,
with the following settings:
e Orientation = Up
e CI Cavity height = 1000 mm (39 inches)
e Sight line to bottom of glass = height of the divider (in this example it is 19.05 mm [0.75 inches])
e Spacer height = height of the divider (in this example it is 19.05 mm [0.75 inches)
¢ Edge of Glass Dimension = 63.5 mm (2.5 inches)
¢ Glazing System Height: 150 mm (6.0 inches)
e Sight line to shade edge: 0 (not modeling shading system)
e Draw spacer = Not checked
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22.3 Dividers

22. Special Cases

K File Edit View Draw

DeE& B Lo

Step 1:
Select Glazing
Systems from the

Libraries menu \

Step 2:
Select the appropriate
glazing system from

Libraries

Options  Call

Material Library
Boundary Condition
Gas Library

Glazing Systems
UFactor Mames

the WINDOW library

Glazing Systems

ID Name
Glazing System 8 Sample Glz5ys
Hlayers 2
Ucenter 1.92 Wim2-K

Thickness 26510 mm
Shading layers: Mone

WINDOW Glazing System Library
C:\Users\Public\LBNLYWINDOWSE.1

NFRC CMA...

Close

Browse

Window Database

|

| dx,dy 184.0,-186.0

Xy -66.0, 64.0

| len 261.6 | Step

Insert Glazing System

Glazing System Mame; Sample GlzSys
Glazing System ID: 8

Crientation Down

26.51

Glazing system width mm mm
CI cavity height 1000 mm e
Sight line to bottom of 25.4 ‘K
Spacer height 25.4 <\I'I'n'l'l\
Edage of Glass Dimension  63.5 o
Glazing system height 150 \
Sight line to shade edge 0

B Use nominal glass thickness
B Use CI Model for Window Glazing Systems

Gap Properties
O Default Gap 1~ Keff .n4024 W/m
(O Custom
Width 16.51 mm
Condensation

[[] calculate Unsealed Gap Condensation

Spacer

[ Draw spacer
[_JSingle spacer for multiple glazings:

Material Fiberglass (PE Resin)

Default Boundary Conditions

© Use U-factor values
() Use SHGC values

Exterior Boundary Condition

|Use existing BC from library (select belgfv) Use

MNFRC 100-2010 Exterior

Interior Boundary Condition

Cancel

Step 3:

Set Glazing System properties:
Sight line to bottom of
glass and Spacer height
= Divider height.

Edge of Glass
Dimension = 63.5 mm
(2.5")

Glazing system height
=150 mm (6.0”)

Exterior Boundary
Condition = NFRC 100-
2010 Exterior

Interior Boundary
Condition = Use

nnvartinn nliic

convection plus endosure radiation

Figure 22-12. Import the first glazing system.
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22. Special Cases

22.3 Dividers

3. Import the glazing system again as an additional glazing system, below the first one (the locator does not
have to be moved), but facing down this time. Use the following settings for this glazing system:

Orientation = Down

CR Cavity height = 1000 mm (39 inches)

Sight line to bottom of glass =0

Spacer height =0

Edge of Glass Dimension = 63.5 mm (2.5 inches)

Glazing System Height: 150 mm (6.0 inches)

Sight line to shade edge: 0 (not modeling shading system)
Draw spacer = Not checked

Insert the glazing system as an Additional Glazing.

oB, Eile Edit View Draw Libraries Options Calculation 7 |nsert Glazing System

LEEd &G B so@ @ a=<]F.Laq

Glazing System Name: Sample GlzSys

i

Click on the “Add as
additional glazing
system” radio button in
the Insert Glazing

Glazing System ID: &

System dialog box. Glazing system width 26.51 mm T

l CI cavity height 1000 mm m

} Sight line to bottom of 0 mm Set Sight line to bottom
Insert Glazing System * )
Spacer height 0 of glass and Spacer
{7) Replace Existing Glazing System Edge of Glass Dimension 63.5 mm height to zero.
© dd as additional glazing system; Glazing system height 150
I Sight line to shade edge 0

(]

B Use nominal glass thickness
ond Glazing System B Use CI Model for Window Glazing Systems

Gap Properties
OoDefault  Gap 1 ~| Keff gp4g24 WimkK
() Custom
Width 16.51 mm

Condensation

[ calculate Unsealed Gap Condensation

%y 55.1,-189.1

dx, dy -290.6,-205.6 len 355.9 | Step 10.0 | mm

Ready

Steady-State Sill

Figure 22-13. Import the second glazing system as an additional glazing system, facing down.
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22.3 Dividers 22. Special Cases

4. Draw (or copy and paste from another THERM file) the polygons in the cavity that represent the divider.
The figure below shows the divider for this example drawn with the material set to Aluminum Alloy

A

Draw the divider in the
cavity between the
two glazing systems.

Figure 22-14. Draw the polygons to represent the divider.
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22. Special Cases 22.3 Dividers

5. Fill the cavities between the divider and the glass layers and inside the divider with the material “Frame
Cavity NFRC 100”. Because internal dividers are only modeled if the gap between the edge of the divider
and the glass surface is less than 3 mm, the 5 mm rule for linking glazing cavities and frame cavities is not
applied to internal dividers - the cavity surrounding the divider is modeled as a frame cavity, with
boundaries at the upper and lower edges of the divider.

Check the emissivity values for the inside surface (by double-clicking on the surface) of the
extruded metal divider — If there is a different surface finish on each side of the material,
change the default material emissivity as appropriate based on the NFRC 101 values.

Frame Cavity Surface

Figure 8-15. Fill the divider frame cavities with Frame Cavity NFRC 100.
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22.3 Dividers

22

. Special Cases

6. Define the boundary conditions, using the “AutoEnclosure” choice for the Radiation Model.

BC=NFRC 100-2010 Exterior
U-factor tag = None

BC=NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior

BC=NFRC 100-2010 Exterior
U-factor tag = None

BC=Adiabatic
U-factor tag = None

-

»

—

<«

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

<4—] BC = <glazing system> U-factor Ins
——Radiation Model = AutoEnclosure
U-factor tag = Frame
«—

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

$_‘_,‘

<
<

BC=Adiabatic
U-factor tag = None

Figure 22-16. Assign the boundary conditions.

ide Film
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22. Special Cases

22.3 Dividers

7. Calculate the results.

]."'E‘File Edit View Draw Libraries Options Calculation Window Help

=l x]

DEES E Loe i a-drtald s Fleu|%]

Step 1: Click on the Calc toolbar /
-Li/E

button to start the simulation.

ile1]

Step 2: When the simulation is finished,
the results specified in the Calc/Display
Options menu choice will be drawn on the
model. In this example, isotherms are
displayed. The Show Results toolbar
button will toggle the results display on
and off.

Step 3: Click on the Calculation/Show
U-factors menu choice to see the U-
factor results.

x|

% Error Energy Momm | 2.24%

U-Factors
|-factar delta T Length
W mi2-K C mm Rotatian
Edge [28048  |33.0 [127 300 | Projected in Glass Plane = |
SHGLC exteriar |3.3?83 |39.E| |19.EI?E|8 |9EI.D |F'roiected in Glazz Plane ﬂ
Frame | |a1108  |s80 [12.08 E |Projected in Glass Plane |

Export

[«

_ Ewor_|
il |

Figure 22-17. Calculate the

8. Save the file using the File/Save As menu choice.

results.
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22.3 Dividers 22. Special Cases
9. Import the results to the WINDOW Divider Library, as shown below.
File Edit Libraries Record Tools Wiew Help
= 3 m: O[#z @AV %
Divider Library (C:\Users'Public\LENLYWINDOWE. 1w 8.mdb)
Detailed View
Undate Edge Edge Glazing
P ID Mame Source | Type Uvalue Uvaue | Comelation | Thickness Pfd Abs  |Color
New W2 | — ”
rt
» Aum,/Divided /B mpa
o ‘ A
Butyl/Divided ASHRAE N/A
Delete 3 Wood/Divided ASHRAE Suspende Format |Thern'| file V|
Find 4 Insul/Divided WINDOW Database I
D i 5 Aum/Suspended
6  Vinyl/Suspended ASHRA ] Avoid creating duplicate records in export database by searching
for identical records
Step 1: From the WINDOW Frame
Advanced... / Library, click on the Import B
7 records found. / button. This will open the Import
i B Open
Import dialog box
<« v o << LBML » THERMS.1 > Samples ~ Search Samples
Export Step 2: Set the Format to “Therm
Report File”. Organize » MNew folder =~ [
Prirtt 3 THERME. Mame Date modified Type Size
| > THeRMeP [ Dividerthmz 10/14/2025 459 PM  THMZ File 20 KB
Step 3: Select the THERM filesto —— | v~ THERME [ sample-head.thrnz 8/12/2025 11:24 AM  THMZ File 80 KB
Import I S T Ry Y 01747075 11,93 ARA  TLIMAT Gil~ 23 vD
File name: | Stucco Wall - Moisture, THM ~ | Therm files (*thm; *.thmz)
Step 4: Specify the record number, or use the Open | Cancel
program default number, which is an \
increment from the last record. Adding a record... *
C:\Users'Public\LBMLYTHERME. 1'Sampl 0K
File Edit Libraries Record Tools View Help es\Divider. thmz -
GnNCE|
= = B 2 4
Divider Library (C:\Users\Public\LBNLYWINDOWS. 1% ID for new g
Detailed View
Update 1D Name Source || Overwrite existing records Abs | Color
New Wim2-K | WimZ2-K
j W 1 | Fon s ASHRA m
L8] L
Sl 2 Butyl/Divided ASHRAE. N/A Class2 159 a0
Delete 3 Wood/Divided ASHRAE Suspende  N/A N/A  Class3 va 159 0o [
Find 4 lnsul/Divided ASHRAE Suspende  N/A N/A  Class wa 15 o [
D - 5  Aum/Suspended ASHRAE Suspende  N/A N/A  Class5 wva 160 030 [
6  Vinyl/Suspended ASHRAE N/A N/A N/A  Class va 160 030 [
7 Dividerthmz Them  Vetical D 2081 1880 N/A x5 254 030 [l
Advanced...
7 records found.
oot Step 5: The selected records will be imported
Mmpol . .
QL into the library.
Export
Report
Prirt

Figure 22-18. Import the THERM file into the WINDOW Divider Library.

10. Use the new divider in the calculation of the complete product values in the main screen of WINDOW.
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22. Special Cases

22.3 Dividers

22.3.1.3. Gas Filled Glazing Systems

If the glazing system being modeled with a divider is gas-filled, it is necessary to model the divider with the

same gas fill as the glazing system. This means a new material must be defined for the gas-filled frame

cavities around and inside the divider.

The THERM Gas Library contains entries for standard gases, as well as examples of gas mixtures. These
gases are not made in THERM,; they are made in the WINDOW Gap Library and then imported into the

THERM Gas Library. When the gas mixtures have been imported into THERM, they can be referenced from

a new frame cavity material for the divider model, as shown below.

1. Create the gas mixture in the WINDOW Gap Library. Presumably it already exists for the product

glazing system model.

Gap Library (C:\Users"Public\LBML\WINDOWSE.1'w8 mdb)

D Mame Type

2 Pure
1 Krypton Pure
4 ¥enon Pure
& Air(5%) / Argon (957%) Mix Mix
7 Ar(1Z%) / Argon (22%) / Krypton (66%) | Mix
8 Air (5%)/ Krypton (35%) Mix Mix
g Ar(10%) / Argon (907) Mix Mix
100 Ar- ENET3 Pure
101 Angon - ENG73 Pure
102 HKrypton - ENGV3 Pure
103 Xenon - ENG73 Pure
104  Air (5%) / Argon (95%) Mix - EN673 Mix

105  Air (12%) / Argon (22%) / Krypton (66%) - H Mix
106  Air (5%) / Krypton (35%) Mix - EN673 Mix
107  Air (10%) / Argon (307%) Mix - ENG6V3 Mix

200 CO2 Pure
201 M2 Pure
202 SFe Pure
203 Helium Pure
204 MNeon Pure
205 Octofluorpropane Pure

L —— O L 2 L L

Conductivity Viscosity Cp Density
Wom-K kg/m= JigK kg/m3
0.016345 0.000021 521.928528 1.782282
0.003664 0.000023 248.030698 3.738740
0.005160 0.000021 158.339706 5.857955
0.016704 0.000021 539.729126 1.757732

0.011450 0.000023 322703308 301477

0.005191 0.000023 261.636230 31616428
0.017063 0.000021 558.032715 1.733303
0.024165 0.000017  1008.000000  1.2924598
0.016345 0.000021 515.000000 1.782282
0.008707 0.000023 245000000 3.738740
0.005119 0.000022 161.000000 5.857955
0.016705 0.000021 536.977366 1.757792
0.011531 0.000023 319.850289 3.014770
0.009237 0.000023 253624674 3616428
0.017068 0.000021 555463385 1.733303
0.014567 0.000014 827734131 1.963508
0.023965 0.000017  1040.794678  1.250113
0.013000 0.000014 413.600006 6.518257
0.146171 0.000019  5197.000000  0.178460
0.045416 0.000023  1030.000000  0.900331
0.010636 0.0000M 762.015320 8.383474

Prandt!

0.6704
0.6717
0.6542
0.6731
0.6403
0.6640
0.6753
0.7138
0.6674
0.6557
0.6771
0.6700
0.6291
0.6489
0.6726
0.7808
0.7207
0.4567
0.6645
0.6662
0.8140

Figure 22-19. Make the necessary gas mixture in the WINDOW Gap Library.
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22.3 Dividers

22. Special Cases

2. Import the WINDOW gas mixture into the THERM Gap Library, if it is not already there.

NEH& B L

Step 1: Click
on the Gas
Library from
the Libraries
menu

%‘File Edit  Yiew Draw|Libraries Options  Calculation  Window  Help

|8 | # & u |7 ||

Set Material 4
Set Boundaty: Condition F&
Material Library Shift-F4

Boundary Condition Library

G Aty

Select Material/Boundary Condition

Glazing Systems
UFactar Mames

Fa&

Create Link
Remaye Link:

Gas type: |2 Gas Mix

Window5 Gas Import x|

ID Mame

Impart I Claze

Windows D atabase

C:AProgram Filesh\LBML\WIND DWE' Browse |

Gas Data

Step 2: Click on the
Import button in the
Gas Library dialog
box.

Step 4: Select the WINDOW
gas record from the pulldown
list and click on the Import
button.

Step 3: Use the Browse
button to select the
WINDOW database.

14

Pure gas

Delete |

— Conductivity Coefficients

a0 0028730 _ Berene_|

e [0.o00077s STP Propertiesl

£ [0.0000000° SaveLibgs |
—Wiscosity Coefficients Load Lib |

A | 0.0000037

& [0.0000000

. [0.0000000
— Specific Heat Coefficients ——

A | 27369995

B [00125240

¢ [T000000

— Molecular Weight

I 23.0

IV Protected

[x,%-3.102,2.917
Edit Gas fill properties

[dx,dy 0.862,2.075

llen 2,247 [step 0.394  finches |

xl_l;

[ hom

Figure 22-20. Import the gas mixture entries into the THERM Gas Library.
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22. Special Cases

22.3 Dividers

3. Make a new frame cavity material in the THERM Material Library based on “Frame Cavity NFRC 100”
but with the Gas Fill field set to the correct gas mixture from the Gas Library.

Material Definitions

y WFRC 100
— Material Type
) Gafid
% Erame Eayit
| [lazing Cavity

= Evtemal Radiation Enclosure

Cloze
[LCanze|
=
Delete

Fienane

il A,

= Solid Frapertie

Conductivitylﬂ Biburfcktrs
Ermizaiiity ID.S

— Cavity Propertie:

Lalar
Sawve Lib &s

Load Lib

HE

Radiation Model |5 impified =
Cavity Model W
GasFils |
Emissivities: Side 1[0.9 Side2[08

Iv | Fratected

Step 1: Click the New butto
Material

n to make a new Frame Cavity

x|

E x| Step 2:
: Give the new material a unique name.
tews Material name;
" ( Material Definiti
[Frome Cavi NFRC 100 drgordd, - ——>
| Frame Cavity NFRC 100 Argand5 || ciose
0K I Caricel r~ Material Type
|  olid Cancel |

Step 3:

Define the new Frame Cavity:
Material Type = Frame Cavity
Radiation Model = Simplified
Cavity Model = 1SO 15099

Gas Fill = Gas from Gas Library
Emissivities = Irrelevant because
will be recalculated during the
simulation

' Frame Cavity

Mew |
Delete |

Fiename

" ) (lazing Eavity
" Enternal Radiation Enclosure
= Sl Erepertie:
Eardictiyity ID.DES BtLfftefs

Ermizsiit ID.S

Calor |
Save Lib Asl

Load L |

\— Cavity Propertie:
SA Radiation Madel ISimpIified

\\A

qty tadel | 150 15093 =~
Gas Fil [T rgon (95
Emissivities: Side 1 |0.9 Side 2|U.9

=

™| Frotected

Figure 22-21. Import the gas mixture entries into the THERM Gas Library.
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22.3 Dividers 22. Special Cases

4.  Use this new frame cavity material in the divider model cavities.

Properties for Selected Polygon(s) .
Material Frame Cavity i
Gas Air il QK
Ventilation Mon Ventilated w cancel
Library
S Attributes
Attributes

Keff 0.0542 W fm-

Horizontal dimension 9,042 mm
Vertical dimension 22,25 mm
Nu 100
Jamb cavity height 1000 mm
Heat Flow Direction Right e
Side 1
Temperature 7 5=
Emissivity =~ 0.590 £
Side 2
Temperature _4 c
Emissivity  p,a0 ~

Mote: For some cavity types, Keff, Temperature and
Emizsivity data may not be correct until a simulation has
been done. The values shown are approximations.

Figure 22-22. Use the new Frame Cavity material to fill the divider cavities.
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22. Special Cases 22.3 Dividers

22.3.2. Simulated Divided Lites

A simulated divided lite is a glazing system that has elements attached to the inside and outside of a glazing
system to give the appearance of true divided lites. The glazing system has a metal internal reinforcement,
but is all one system. The materials applied/adhered to the outside of the insulating glazing unit are not
required to be modeled per NFRC 100. This is an option of the manufacturer and the following provides the
details to model and simulate it correctly.

Internal dividers, such as the dividers in the glazing system gap for simulated divided lites, are an exception
to the rules for linking frame cavities to glazing cavities as discussed in Chapter 6. Internal dividers are only
modeled if the distance between the exterior sides of the divider and the inside surface of the glazing system
are less than or equal to 3 mm. Therefore, even for contoured internal dividers, a simplifying assumption is
made that the 5 mm rule is not applied. The space between the divider edge and the glass are modeled as
frame cavities (with either air-filled or gas-filled as needed), and the boundary of that cavity extends to the
top and bottom of the divider component. See the following examples for detailed descriptions.

r';ﬁ‘FiIe Edit “iew Draw Libraries Options Caloulation  Window  Help -|5’|5|

DER&S E LOS | a-<IkLaQ 290 % FEu|%| El

NE3| | ;Ij

[e,¥ 37.3, 4.6 [dx,dy 287.3,-245.4 llen 377.8 [step 100 |mm | 4
Ready [vertical Divider MM
Figure 22-23. A simulated divided lite in THERM.
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22.3 Dividers 22. Special Cases

In THERM:
1. Set the Cross Section Type to “Vertical Divider”.

2. Import the glazing system for the divider, which is the same glazing system as the rest of the product,
with the following settings:
¢ Orientation = Up
e  Actual Cavity height = 1000 mm (39 inches)
e Sight line to bottom of glass = height of the divider (in this example it is 19.05 mm [0.75 inches])
e Spacer height = height of the divider (in this example it is 19.05 mm [0.75 inches)
¢ Edge of Glass Dimension = 63.5 mm (2.5 inches)
¢ Glazing System Height: 150 mm (6.0 inches)
e Draw spacer = Not checked
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22. Special Cases

22.3 Dividers

B Insert Glazing System

Glazing System Name: Sample GlzSys
Glazing System ID: 8

B File Edit View Draw

D& Bl Lo

Libraries | Options

Step 1: Material Library

Select Glazing
Systems from the

Libraries menu \
A

Step 2:
Select the appropriate
glazing system from

EBoundary Conditi
Gas Library

Glazing Systems
UFactor Mames

the WINDClW library

Qrientation Up ~

Glazing system width  25.51 mm T
CI cavity height 1000 mm mm
Sight line to bottom of 15.05
Spacer height 19.05
Edge of Glass Dimension 63.5

Glazing system height 150

Sight line to shade edge 0

B Use nominal glass thickness
8 Use CI Model for Window Glazing Systems

Gap Properties

Cancel

Step 3:

‘mm\ Set Glazing System properties:
‘—\mn\

=  Sight line to bottom of
glass and Spacer height
= Divider height.

=  Edge of Glass
Dimension = 63.5 mm
(2.5")

=  Glazing system height
=150 mm (6.0”)

=  Exterior Boundary

f o] G 1 v Keff (pagos Wim Condition = NFRC 100-
; 0 2010 Exterior
Glazing Systems lh= oy Width  15.51 mm .
|
D Name Interl.o.r Boundary
Glazing System 8 Sample GlzSys & Coniensah’on Condition = Use
|_| Calculate Unsealed Gap Condensation nnvarctinn nhic

Hlayers 2

Ucenter 1.92 Wimz-K NFRC CMA.
Thickness 26510 mm
hading | —N Spacer

LI EE WL B Craw spacer
Close B single spacer for multiple glazings

WINDOW Glazing System Library Material Fiberglass (PE Resin)

C:AUsers \Public LBMLWINDOWS.1 Browse

VWindow Database Default Boundary Conditions

0 Use U-factor values
(C) Use SHGC values
J Exterior Boundary Condition Interior Boundary Condition
xy -66.0, 64.0 | dx,dy 184.0,-1860 | len 261.6 | Ste| Use existing BC from library (select below) e Use convection plus endosure radiation e
MFRC 100-2010 Exterior w
Figure 22-24. Import the first glazing system.
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22.3 Dividers

22. Special Cases

3. Import the glazing system again as an additional glazing system, below the first one (the locator does not
have to be moved), but facing down this time. Use the following settings for this glazing system:

Insert the glazing system as an Additional Glazing.

Orientation = Down

Actual Cavity height = 1000 mm (39 inches)
Sight line to bottom of glass = 3.175 mm
Spacer height =0

Edge of Glass Dimension = 63.5 mm (2.5 inches)

Glazing System Height: 150 mm (6.0 inches)
Draw spacer = Not checked

].';E‘ File Edit View Draw Libraries Options Calculation Window  Help
(@ <] A B FE U

0=

E&E E lLos

i

Click on the “Add as
additional glazing

system” radio button in
the Insert Glazing
System dialog box.

l y

A
Insert Glazing System * { system.
() Replace Existing Glazing System
0 Add as addttional glazing system: 7
N
-
2 Glazing
System

Insert 2" glazing

B Insert Glazing System

Glazing System Mame: Sample GlzSys
Glazing System ID: 8

Crientation Down bl

Glazing system width 26.51 mm T

CI cavity height 1000 mm

mm
Sight line to bottom of 3,175 M
Spacer height 0 mm

Edge of Glass Dimension 63,5 Set Sight line to
bottom of glass to the
appropriate value for
the simulated spacer
nd Spacer height to

zero.

Glazing system height 150

Sight line to shade edge 0

B Use nominal glass thickness

B Use CI Model for Window Glazing Systems
Gap Properties

© Default Gap 1 . Keff §.pagza Wim+

() Custom

Width 16,51 mm

Condensation

%y 55.1,-189.1

dee, dy -290.6,-205.6 len 355.9 | Step 10.0 | mm

[ ] calculate Unsealed Gap Condensation

Ready

Steady-State

T |

Figure 22-25. Import the second glazing system as an additional glazing system, facing down.
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22. Special Cases 22.3 Dividers

4. Draw (or copy and paste from another THERM file) the polygons in the cavity that represent the divider.
The figure below shows the divider for this example drawn with the material set to Aluminum Alloy

Draw the divider in the

cavity between the
two glazing systems.

Figure 22-26. Draw the polygons to represent the divider.
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22.3 Dividers 22. Special Cases

5. Fill the cavities between the divider and the glass layers and inside the divider with the material “Frame
Cavity NFRC 100”. Divide the cavities up according to the 5 mm rule as necessary.

Check the emissivity values for the inside surface (by
double-clicking on the surface) of the extruded metal
divider — set to the appropriate value from NFRC 101
based on the applicable material type and finish.

Frame Cavity Surface E
0200

Cancel

Fill the divider frame cavities with the material “Frame Cavity
NFRC 100”. Note that the 5 mm rule for linking glazing and
frame cavities does not apply to dividers. Frame cavity material
is modeled as either air-filled or gas —filled as appropriate.

Figure 8-27. Fill the divider frame cavities with Frame Cavity NFRC 100.
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22. Special Cases 22.3 Dividers

6. Add the polygons for the simulated divided light elements on either side of the glazing system and
assign the appropriate materials to them.

r';a‘FiIe Edit Yiew Draw Libraries Options Calculation  Window Help _|5|1|

DSEHS E Lo a-IF-aQ 295 [FEU|%] ~]

NKi| | _DILI

[,v 38.6,-12.5 |d=,dy 55.3,-35.2 lleneg.1 |step 100 |wm | v
Ready [wertical Divider [ MUM

Figqure 8-28. Add the polygons for the simulated divided lite elements on either side of the glazing system.
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22. Special Cases

22.3 Dividers

7. Define the boundary conditions, using the “ AutoEnclosure” choice for the Radiation Model.

BC=Adiabatic
U-factor tag = None

=

A

»
»

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC=NFRC 100-2010 Exterior
U-factor tag = None

1

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

7
[\

BC = Interior <frame type> (convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

BC=NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC=NFRC 100-2010 Exterior
U-factor tag = None

1

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

gy
—

BC=Adiabatic

U-factor tag = None

Figure 22-29. Assign the boundary conditions.
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22. Special Cases 22.3 Dividers

8. Calculate the results.

1_';5‘ File Edit Wiew Draw Libraries Options Calculation Window Help - X
ODEEE B o0& [ m=<] L aQ L8| F
Data: Temperature [CJrolygons [ Mesh
View:  Isotherm contours w Legend
[ Min/Max
Results:  U-factor results e
Step 1: Click on the Calc Step 3: Click on the CalcuI?tlon /
toolbar button to start Show U-factors menu choice to see
the simulation. Step 2: When the simulation is the U-factor results.
finished, the results will be display...
based on the options specified in the
dialog box. The Show Results toolbar
button will toggle the results display
on and off.
N2
U-Factors
| Hactor detta T Length
Wimz2-K C mm Rotation
i/ SHGC Ederior 24850  39.0 222251 500 Projected in Glass Plane
Frame 2.5301 39.0 222251 900 Projected in Glass Plane
Edge v | 27731 39.0 127 50.0 Projected in Glass Plane
Display
0 Usactor
() Rvalue
% Emor Energy Nom  2.15% Epmt
J 4 L _________________________________________________________________________________] [ ]
xy 35.0,-159.0 | dx, dy 190.3,-235.3 | len 302.6 | Step 10.0 | mm |
Beadu Steadv.-State Vertical Divider Ll-fartor results
Figure 22-30. Calculate the results.
9. Save the file using the File/Save As menu choice.
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22.3 Dividers

22. Special Cases

10. Import the results to the WINDOW Divider Library, as shown below.

File Edit Libraries Record Tools VWiew Help
= EE Boel: O#Z@aaAV%
Divider Library (C:Users"\Public\LENL"WINDOWE. 1w mdb)
Detailed View
Update Edge Edge Glazing
P D Mame Source | Type Lvalue Uvalue | Comelation | Thickness Pfd Abs | Color
New Wim2-K | W/m2-K
=0pY 2 BLFt)"l;"'DWIded ACIIDIAT BIsA B1 A B1in [NITY AC 0 |
- A Open X
Delete 1 Wood/Divided
Find 4 Insul/Divided P~ <« Exam.. > Divider v Search Divider ¥}
1D & Alum/Suspended
[ Viryl/Suspended Organize « Mew folder = - ] o
7 Divider thmz 3 MName Date modified Type N Size
Advanced...
Step 1: From the WINDOW 5 1] TrueDividedLite.thmz 11/6/2025:21PM  THMZ File 35KB
s Frame Library, click on the [ SimulatedDividedLite.thmz 11/6/2025 326 PM THMZ File 53KB
Import Import button. An open ’
M . . I—j DividerContouredGasFilled.thmz  11/6/2025 2:20 PM THMZ File 175 KB
window will open. Select the S
Export THERM file or files to import. l—j DividerContoured.thmz 11/6/2025 3:17 PM THMZ File 28 KB
Report File name: | SimulatedDividedLite.thmz v | Therm files (“thm; “thmz)
Print
= | |Adding a record X Cancel
Step 2: Specify the record number, or use the
Pk C:\Wsers\Public\LBNLYTHERMS. 1\Sampl CK
program default number, which is an es\SimulatedDividedite. thmz
increment from the last record. Cancel
File Edit Libraries Record Tools View Help \A T T 10
= z &
Divider Library (C:\Users\Public\LBNL\WINDOV) Qverrite existing records
Detailed View
Undate Edge Edge Glazing
P D Name Source Type Uvalug Uvalue | Comelation | Thickness Pfd Abs | Color
New Wim2K | W/m2K
» 1 | Alum/Divided ASHRAE| NAA MAA N/A Class1 N/A 159 | os0 [l
Cony 1| Aum/ D mmmmmm ..................
2 Butyl/Divided ASHRAE. N/A N/A Class? nva 159 0s0 [
Delete 3 VWood/Divided ASHRAE Suspende  N/A N/A  Class3 nva 159 090 [
Find 4 Insul/Divided ASHRAE Suspende  N/A N/A  Class4 nva 159 0s0 [
D 5 Aum/Suspended ASHRAE Suspende  N/A N/A  Class5 va 160 030 [l
6  Vinyl/Suspended ASHRAE. N/A N/A N/A  ClassT nva 160 030 [l
7 Dividerthmz Them Vetical D 2081 1880 N/A x5 24 03 [N
Advanced... 2 DividerContoured thmz Them  Vetical D 2.271 1897  N/A x4 191 o [N
10 reconts found. g  DividerContouredGasFiledthm| Themn  Vettical D 1.803 1799 N/A 254 191 030
| 10 SimulatedDividedLtethmz o | Them  Vetical D 2531 2773  N/A 1By 22 o0 BN
Import \
Export . .
Step 3: The selected records will be imported
Report into the library.
Prirt

Figure 22-31. Import the THERM file into the WINDOW Divider Library.

11. Use the new divider in the calculation of the complete product values in the main screen of WINDOW.
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22. Special Cases 22.3 Dividers

22.3.3. True Divided Lites

The criteria for when dividers are modeled can be found in NFRC 100, Section 1.4.4. The discussion below
describes the methodologies in WINDOW and THERM for modeling dividers when that criteria is met.

A true divided lite means that the dividers have separate glazing systems between the divider elements, as
shown in the figure below.

& 5.1 - [TrueDividedLite thmz] = O X
#E‘ File Edit WView Draw Libraries Options Calculation  Window  Help - O X
—
xy 259.7,222.0 | dx,dy 508.7,-1038.1 | len 1156.5| Step 10.0 | mm | | it
Ready | Steady-State | Sill | | CAP | N| .3
Figure 22-32. A true divided lite in THERM.
In THERM:

In this example, it is easier to start by drawing the polygons that represent the divider, and then placing the
glazing systems relative to those polygons.

1. Set the Cross Section Type to “Vertical Divider”.

2. Draw the divider polygons as shown in the figure below.
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22.3 Dividers 22. Special Cases

- 3 X
xy -1.1, -3.5 | d,dy 16.9, 18.6 len 25.2 | Step 10.0 | mm 5
Ready | Steady-State | sill | |.cap | num ] .:

Figure 22-33. In THERM, draw the polygons for the divider elements that the glazing systems will fit into.

3. Import the first glazing system (in this case the top glazing system) for the divider, with the following
settings:
e  Set the Locator in the appropriate location for where the glazing system will start, in this example
3.175 mm (0.125 inches) above the bottom of the divider
¢ Orientation = Up
Actual Cavity height = 1000 mm (39 inches)
Sight line to bottom of glass = height of the divider (in this example it is 9.525 mm (0.375 inches)
Spacer height = height of the divider (in this example it is 9.525 mm (0.375 inches)
Edge of Glass Dimension = 63.5 mm (2.5 inches)
Glazing System Height: 150 mm (6.0 inches)
e Draw spacer = Not checked
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22. Special Cases

22.3 Dividers

Step 2:
Select the appropriate glazing system

from the WINDOW library
[

WINDOW Glazing System Librany

C:\UsershPublictLBNLYWINDOWE.1 Browse

Window Database

Defautt Boundary Conditions

0 Use Ufactor values
(7) Use SHGC values

Exterior Boundary Condition
Use existing BC from library

¥ |_J Use CR Model for Window Glazing Systems
Glazing Systems X Gap Properties
1D Name . ODefaut  Gap 1 . Kef 0.0669
Glazing System ;3 Double Clear Air 3mm i .
() Custom -

#layers 2 Width 12.7

Uecenter 2.74 Wim2-K NFRC CMA._ Spacer
Thickness 19.000 mm ] Draw spacer
Shading layers: Mone [C] Single spacer for muttiple glazings

Close Material  Fiberglass (PE Resin) e

(select below) v

mm

].';E‘ File Edit View Draw | Libraries | Options Calculation  Window Help - X
SR & El Lo F & U R
| —1
Step 1: Material Library Shift=F4
Select Glazing Boundary Condition | @ 7 Insert Glazing System
Systems from the Gas Library
: . Crientation 1 i
Libraries menu i 0K
Select Material/Boundg _
' Cancel
Glazing Systems Glazing system width 18.7 mm
UFactor Mames CR cavity height 1000 mm Step 3
Sight line to bottom of glass §.525 mm Set Glazing System properties:
Spacer height 3525 mm¢\ =  SetSight line to
Edge of Glass Dimension 63.5 mm bottom of glass and
Glazing system height 150 mm Spacer hEIght
Sight line to shade edge 0 mm

=  Edge of Glass
Dimension = 63.5 mm
(2.5")

=  Glazing system height
=150 mm (6.0”)

=  Exterior Boundary
Condition = NFRC 100-
2010 Exterior

= Interior Boundary
Condition = Use

ronvactinn nliic

Interior Boundary Condition

Use convection plus enclosure radiation e

B File Edit View Draw Libraries Options Calculation Window Help - &8 X
NFRC 100-2010 Exterior | D2 A & [ E |15 0@ @ <[00 L & Q o2 £ 8 | F 1 U | 5%
The first glazing system is
imported into the file. —_1>
Xy 311.9.244.8 d,dy -6.0,112.0 len 112.1 | Step 10,0 | mm
Figure 22-34. Import the first glazing system.
WINDOW 8.1 User Manual October 2026 22-35




22.3 Dividers 22. Special Cases

4. Import the glazing system again as an additional glazing system, facing down this time. Use the
following settings for this glazing system:
e Set the Locator in the appropriate location for where the glazing system will start, in this example
3.175 mm (0.125 inches) above the bottom of the divider
¢ Orientation = Down
e Actual Cavity height = 1000 mm (39 inches)
e Sight line to bottom of glass = height of the divider (in this example it is 9.525 mm (0.375 inches)
e Spacer height = height of the divider (in this example it is 9.525 mm (0.375 inches)
e Edge of Glass Dimension = 63.5 mm (2.5 inches)
¢ Glazing System Height: 150 mm (6.0 inches)
e Draw spacer = Not checked

Insert the glazing system as an Additional Glazing.

& &1 - [TrueDividedLite.thmz] = O x
1.';5‘ File Edit View Draw Libraries Options Calculation  Window  Help - X
NEHE B ho@ <]k aS 20858 F Eu|f
|
B Insert Glazing System
Orientation  Down ~
Cancel
Glazing system width 19 mm
CR cavity height 1000 mm
Sight line to bottom of glass 9.525 mm Click on the “Add as
Spacer height 9.525 mm additional glazing
Edge of Glass Dimension 63.5 mm system” radio button in
Glazing system height 150 mm the Insert Glazing
Sight line to shade edge 0 mm | System dIaIOg box.
2nd glazing system. o _L\ | l
Set Sight line to bottom | _r/ i
of glass and Sbacer Insert Glazing System >
] Use CR Model for Window Glazing Systems g p
Gap Properties height to the | (") Replace Existing Glazing System
appropriate values. ; .
O Defaut Gap ¢ o Keff §ogagaz Wim-K pprop O :Add as additional glazing system:
- 'l
() Custom wrin B
Wi 3 mm
Spacer
[ Draw spacer
[ Single spacer for multiple glazings
Material  Fiberglass (PE Resin) -
Default Boundary Conditions
O Use Uactor values 1l
() Use SHEC values
Exterior Boundary Condition Interior Boundarny Condition
Use existing BC from library (select below) ~ Use convection plus enclosure radiation ~
NFRC 100-2010 Exterior ~
Xy 219.5, 60.3 di, dy -144.9,-72.6 len 162.1 | Step 10.0 | mm
Steady-State Sill MUK

Figure 22-35. Import the second glazing system as an additional glazing system, facing down.
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22. Special Cases 22.3 Dividers

5. Add the spacers, sealants, desiccants, and frame cavities as appropriate.

& 8.1 - [TrueDividedLite.thmz] — 0O x
B File Edit Miew Draw Libraries Options Calculation Window  Help -
= & :
—
Draw the spacers,
desiccants,
sealants, and
frame cavities as
needed.
Xy 417.1,140.0 | dwdy 667.1,-1120.1 | len 1303.7) Step 10.0 | mm |
Ready | Steady-State | sill l.cap| .:

Figure 22-36. Draw the polygons to represent the divider.
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22.3 Dividers

22

. Special Cases

6. Define the boundary conditions, using the “AutoEnclosure” choice for the Radiation Model.

BC=Adiabatic
U-factor tag = None

v

<

BC=NFRC 100-2010 Exterior
U-factor tag = None

/

\n
Vo

BC=NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior

BC=NFRC 100-2010 Exterior
U-factor tag = None

<

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC = Interior <frame> (convection only)
—Radiation Model = AutoEnclosure
U-factor tag = Frame

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

1

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

[
»

A

+_'_+

BC=Adiabatic
U-factor tag = None

Figure 22-37. Assign the boundary conditions.
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22.3 Dividers

7. Calculate the results.

E 5.1-[TrueDividedLite.thmz]
T!'E‘ File Edit View Draw Libraries Options GCalculation Window Help

h=zEd&8 Bl lLos

LR W IR AL WY

- X

Step 1: Click on the Calc
toolbar button to start
the simulation.

U-Factors

SHGC exterior

Display
© Udactor

() Rvalue

>
U4actor defta T Length
Wim2-K C mm Rotation
Frame 3.7825 39.0 38.1001 500 Projected in Glass Plane _
Edge 3.0565 35.0 127 500 Projected in Glass Plane
~ | 33998 39.0 381 50.0 Projected in Glass Plane

% Eror Energy Nomn  7.48%

Export

T

Step 3: Click on the
Calculation/Show U-

factors menu choice to see

the U-factor results.

Step 2: When the simulation is

finished, the results specified in the 1
Calc/Display Options menu choice

will be drawn on the model. In this

example, isotherms are displayed.

The Show Results toolbar button

will toggle the results display on and

Tt

off.
xy 512.7,100.4 dx,dy 91.9,-38.4 len 99.6 |Step 10.0 | mm
Ready Steady-5tate Sill U-factor results

Figure 22-38. Calculate the results.

8. Save the file using the File/Save As menu choice.

9. Import the results to the WINDOW Divider Library, as shown below.
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File Edit Libraries Record Tools VWiew Help
= EE Boell: O#ZaAV% €
Divider Library (C:%Users‘\Public\LENL\WINDOWSE.1'w8 mdb)
Detailed View
Update o] MName Source | Type Uvalue UE\::IaEIISe CorrEgl?a‘taion Tﬁl;(z;negss Pfd Abs | Color
New Wim2K | W/m2K
- > Aum/Divided ASHRA I!E!I
~0py 2 BLIT)"';'"DWIdEd CILINDAT KR hIA [N MI A A0 0 oW a¥ut -
Delete 1 Wood/Divided 8 Open
Find 4 Insul/Divided « v 4 <« THE... » Samples v O Search Samples P
D " & Alum/Suspended
6  Vinyl/Suspended Organize » New folder =~ O O
7 Dividerthmz - )
Advanced.. MName Date modified Type Size
e Step 1: From the WINDOW N — : |
9 recards found. Frame Library, click on the TrueDividedLitethmz 11/6/2025 4:34 PM THMZ File 35KB
. - 05 205 P o ..
import |I'I':Ip0rt but.:ton_ An open D SirmulatedDividedLite.thmz 11/6/2025 3:26 PM THMZ File KB
window will open. Select the [ Divider.thmz 11/6/2025321PM  THMZ File 20 KB
Export THERM file or files to impo
File name: | TrueDividedLite.thmz v| Therm files (*.thm; *.thmz)
Report
T
Step 2: Specify the record number, or use the Adding a record.. X
program default number, which is an .
increment from the last record. ™~ e [ ox
Cancel
File Edit Libraries Record Tools View Help
E’* = ID for new ?
r— Divider Library {C:\Users\Puinc\LENLD Overarite existing records
Undate Edge Edge Glazing
p D Name Source Type Uvalue Uvalue | Comelation | Thickness Pfd Abs | Color
New Wim2-K | Wim2K
= S e A A . L ——
= 2 Butyl/Divided ASHRAE N/A Class2 nva 159 090 [
Delete 3 Wood/Divided ASHRAE Suspende  N/A N/A  Class3 nva 159 090 [
Find 4 Insul/Divided ASHRAE Suspende  N/A N/A  Classd nva 159 0o [
D v 5 Alum/Suspended ASHRAE Suspende  N/A N/A  Class5 nva o 160 030 [
6  Vinyl/Suspended ASHRAE N/A N/A N/A  Classl nva 160 030 [
7 Dividerthmz Them  Verical D 2081 1880  N/A 5 254 030 N
Advanced... 3 DividerContoured thmz Them VeticalD 2271 1857 N/A 24 131 030 [
I 9 DividerContouredGasFiledthm| Therm  Vertical D 1803 1799 N/A 254 191 03 [
10  SimulatedDividedltethmz | Them  Vetical D 2531 2773 N/A 189 22 03
- 11 TrueDividedLite thmz Them Divided 3782 3057 N/ 189 31 030 [
Export
Step 3: The selected records will be imported
Report ) .
into the library.
Frint

10. Use the new divider in the calculation of the complete product values in the main screen of WINDOW.

Figure 22-39. Import the THERM file into the WINDOW Divider Library.
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22.3.4. Door Caming

When modeling glazing options with caming, which are treated in a similar fashion to dividers, the NFRC
default caming can be used. The flat caming (H-Bar) shall be used as the default shape. Brass conductivity
and emissivity can be used as the default material.

PRIFILE m o W
*1-”?_’&“_'“ > A BRASS
; INC
FILLL SCALE
/ C | BRUSHED NICKEL
H-ROUND
D | BLACK NICKEL
t X
FULL SCALE ,
H-FLAT
(REFERENCE 030B03)

SNOTE: FOR CRYSTAL DIAMONDS LITES, H-FLAT BRASS
CAMING 1S DESIGNATED BY A "=1A" IN THE PART.

Figure 22-40. Standardized Caming Drawing

Decorative caming between two pieces of glass is an exception to the rules for linking frame cavities to
glazing cavities. This type of caming is only modeled if the distance between the exterior sides of the caming
and the inside surface of the glazing system are less than 3 mm. Therefore, even for contoured caming shapes,
a simplifying assumption is made that the 5 mm rule is not applied. The space between the caming edge and
the glass are modeled as frame cavities, and the boundary of that cavity extends to the top and bottom of the
caming component. See the following examples for detailed descriptions.

In THERM:

In this example, which represents an intermediate pane in an IG unit with caming, it is easier to start by
drawing the polgyons that represent the divider, and then placing the glazing systems relative to those

polygons.
1. Set the Cross Section Type to “Vertical Divider”.

2. Draw the caming polygons.
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3. Insert the first glazing system (in this case the top glazing system which is a triple glazed unit made in
WINDOW) for the divider, with the following settings:
o Set the Locator in the appropriate location for where the glazing system will start
¢  Orientation = Up
e  Actual Cavity height = 1000 mm (39 inches)
e Sight line to bottom of glass =0
e Spacer height =0
¢ Edge of Glass Dimension = 63.5 mm (2.5 inches)
e Glazing System Height: 150 mm (6.0 inches)
¢ Draw spacer = Not checked

Step 2: Insert
the upper
glazing system

Step 1: Draw
caming
polygons

Figure 22-41. Draw the caming polygons and insert the upper glazing system
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4. Insert the second glazing system, with the following settings, and click the “Add as additional glazing
system” radio button upon insert.
=  Set the Locator in the appropriate location for where the glazing system will start
*  Orientation = Down
= Actual Cavity height = 1000 mm (39 inches)
= Sight line to bottom of glass =0
= Spacer height =0
= Edge of Glass Dimension = 63.5 mm (2.5 inches)
= Glazing System Height: 150 mm (6.0 inches)
= Draw spacer = Not checked

Figure 22-42. Insert the lower glazing system
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5. From the Options menu, select Preferences, then click on the Drawing Options tab and check “Allow
editing of IG polygons” so that the glazing system geometry can be modified.

6. For both the upper and lower glazing systems, move the points of the center glass layer into the caming,
as showin in the figure below.

For both the upper and
lower glazing systems, move
the points of the center
layer into the caming
polygons.

Figure 22-43. Move the points of the middle layer of the upper and lower glazing systems into the caming.
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7. For either the upper or lower glazing system, move the points of the outer layers to meet the other
glazing system, to enclose the IG.

Figure 22-44. Move the points of either the outside layers of either
the upper or lower glazing system to meet the other glazing system, to enclose the IG
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8. If the IG Unit is air-filled, then fill the cavities with NFRC Frame Cavity 100, assign the normal boundary
conditions, and simulate as usual. If the IG unit if gas-filled, follow the procedures for gas filling a
divider.

Because internal dividers are only modeled if the gap between the edge of the divider and the glass
surface is less than 3 mm, the 5 mm rule for linking glazing cavities and frame cavities does not need to
be applied to internal dividers. The frame cavity starts at the top and the bottom of the divider
component.

Figure 22-45. Fill the cavities with Frame Cavity NFRC 100
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22.4 Storm Windows

Storm windows present a modeling problem different from most insulated glass (IG) units, because the
spacing between the IG unit and the storm window is usually quite large, as shown in the figure below. As
with all other product modeling, all relevant cross sections (head, sill, jambs, meeting rails and dividers) must
be modeled in THERM.

7

Figure 22-46. Product with an interior storm window.

22.4.1. Modeling Steps
The following steps can be used to model storm windows. These steps are discussed in more detail in the

following sections.

If the product is NOT a single or double hung (i.e., it is a casement, fixed, picture, transom, awning, etc), do
the following;:

In WINDOW:

® Create a three-layer glazing system with the correct spacing between each of the glass layers in
WINDOW.

In THERM
®= Draw the frame components for the product in THERM.

® Import the glazing system into THERM
Edge of Glass Dimension = 63.5 mm (2.5 inch)
Glazing System Height = 150 mm (6.0 inch).

=  Fill the air cavity below the glazing system and use the Library/Create Link feature to link that air cavity
to the glazing cavity.

®  Assign the boundary conditions
Exterior Boundary Condition = Use existing BC from library, select “NFRC 100-2010 Exterior”, and
assign the SHGC Exterior U-factor tag to the exterior frame components
Interior Boundary Condition = Use “convection plus enclosure radiation” for Glazing System, use
appropriate “convection only” frame boundary condition for the frame components.

® Simulate the problem
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If the product IS a hung or sliding window (i.e., a vertical or horizontal slider), where there will be a different
gap width between the glazing system and the storm window for different frame profiles, do the following:

In WINDOW:
® Before starting the program, open the W8.INI file and add the following line (if it does not already exist):
® FrameToleranceGlazingSystemThickness=5

® Note: it is all one word, no spaces, and it can go anywhere in the INI file. If this line already exists,
but has some other value other than “5”, change the value to “5”. This represents the percentage tolerance
between the frame and glazing system thickness. Setting it to “5” makes the thickness tolerance checking
500%, which should disable the WINDOW thickness tolerance checking, and therefore allowing the
program to perform a calculation with glazing systems of different thicknesses.

® Location of W8.ini file: The location of the W8.ini file will depend on your operating system.
. C:\ Users\ Public\ LBNL\ Settings

=  Create the two glazing systems with the actual thicknesses between the glazing system and the storm
window, which will fit into the frame profiles that will be modeled in THERM.

In THERM
® Draw the frame components for the product in THERM.

® Import the glazing systems with the actual gap widths into the appropriate frame profiles with the
following settings:
Edge of Glass Dimension = 63.5 mm (2.5 inch)
Glazing System Height = 150 mm (6.0 inch).

® Fill any air cavity between the bottom of the glazing system and the top of the frame profile as necessary,
and use the Library/Create Link feature to link that air cavity to the glazing cavity.

®  Assign the boundary conditions
Exterior Boundary Condition = Use existing BC from library, select “NFRC 100-2010 Exterior”, and
assign the SHGC Exterior U-factor tag to the exterior frame components
Interior Boundary Condition = Use “convection plus enclosure radiation” for Glazing System, use
appropriate “convection only” frame boundary condition for the frame components.

= Simulate each model.

In WINDOW:

® Import the THERM frame profiles that have the correct geometry for the glazing systems into the Frame
Library.

® Inthe Window Library, create the window, referencing the matching frames and glazing systems,
including the meeting rail (you cannot “match” the glazing system thicknesses in the meeting rail, so just
reference it).

® Calculate the overall product values from this combination of components.
® C(Close the program, open the W8.ini file, and do the following:
® Delete the line FrameToleranceGlazingSystemThickness=5

= Or
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",

® Putasemicolon “;” in front of it which keeps it in the file, but makes it a comment instead of a
command. This way it will be there the next time you need to use it.
; FrameToleranceGlazingSystemThickness=5

22.4.2. Storm Window Example

The following example problem, based on the product in Figure 20-46, is explained in detail in the following
discussion.

22.4.2.1. Create Glazing System in WINDOW:

1. Make a glazing system consisting of three layers of glass, with the dimensions of the glazing cavity
for the first gap, and the correct dimension from the glass to the storm window for the second gap.

File Edit Libraries Record Tools View Help

N

B 4@ BlE|lw « vy B eli]; O#7@AYV% 2

List D& 104 Mame: Storm Window
# 3 > Tt 90 ° IGHeight: 400.00 mm
MNew Environmental .
b Conditions: MNFRC 100-2010 w  IGWidth: 1000.00 mm
Copy Comment:
Delete
== Overall thickness: 72,644 mm Mode: # [CIModel Deflection 1 2 3
Repart
Radiance
D Name Mode| Thick | DCenter |Flip| Tsol | Rsoll | Rsol2 | Tvis | Rwisl | Rvis2 | Tir El EZ | Cond
@ Glass 1 »» 102 CLEAR_3.DAT # 30 [J]0834 0075 0075 0.899 0083 0083 0000 0840 0840 1.000
- Gap 1w 1 Air 127
- Glass 2 »» 102 CLEAR_3.DAT # 30 [J]0834 0075 0075 0.899 0083 0083 0.000 0.840 0840 1.000
- Gap 2 »r 1 Air 50.8
- Glasz 3 »» 102 CLEAR_3.DAT # 30 [J]0834 0075 0075 0.899 0083 0083 0000 0840 0840 1.000

Center of Glass Results  Temperature Data Optical Data  Angular Data  Color Properties  Radiance Results

factor SC SHGC Rel. Ht. Gain Tvis Keff Layer 1 Keff Gap 1 Keff Layer 2 Keff
Wim2 Wim-K Wim-K Wim-K Wim-K
0.738 0.686 512 0.742 0.1860 1.0000 0.0634 1.0000

Figure 22-47. Make a triple glazed glazing system with a large gap width between the IG and the storm window.
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22.4.2.2. Calculate U-factor in THERM

The steps for importing the glazing system into THERM are explained in more detail below.

1. Draw the required frame cross sections (such as head, sill, jambs, meeting rails, and dividers)

2. From the File/Properties menu, select the appropriate Cross Section Type, such as “Sill”, “Head”,
“Jamb", and so forth.

3. Import the glazing system with the correct storm window cavity dimensions (created in WINDOW), in
this case the glazing system with the 2" gap.
Edge of Glass Dimension = 63.5 mm (2.5 inch)
Glazing System Height = 150 mm (6.0 inch).
Exterior Boundary Condition = Use existing BC from library, select “NFRC 100-2010 Exterior”
Interior Boundary Condition = Use convection plus enclosure radiation for glazing system, and
appropriate “convection only” boundary condition for the interior frame components.

r';g‘ File Edit Wiew Draw Libraries Options Calculation  Window  Help -
0= S B LS O@ =] [P a2 B | F I W Fg | storm Window "
/‘,Glazing Systems *
Step 2: ID Name
Insert Glazing Glazing System 104 Storm Window ~ i Insert Glazing System
System from
Hlayers 3 . .
WINDOW Orientation Up ~
Ucenter 1.81 Wom2-K NERC CMA.
[Thickness 72500 mm Cancel
Shading layers: Mone Glazing system
CR cavity height
Close
WINDOW Glazing System Library Sight line to bottom of glass 12,691 mm Step 3:
C:\Users\PublichLBNLYWINDOWS.1 Browse Spacer height 12.555 mm Set Glazing System
Window Database Edae of Glass Dimension 63.5 mm propertiES:
Glazing system height 150 mm L] Edge of Glass
Sight line to shade edge 0 mm Dimension = 63.5
mm (2.5”)
= Glazing system
Step 1: [ Use nominal glass thickness height = 150 mm
Draw frame

I

cross section \

Gap Properties

O Defaut  Gap

(") Custorn

Spacer
[ Draw spacer
[ Single spacer for muttiple glazings

Material  Fiberglass (PE Resin)

Default Boundary Conditions

© Use Ufactor values
() Use SHGC values

Exterior Boundary Condition

xy 41.0,127.2

| dw,dy 6.8, 745 |len 74.8 | Step 10.0 | mm

Ready

| Stead)

Figure 22-48. Insert the glazing system.

NFRC 100-2010 Exterior

@ Use CR Model for Window Glazing Systems

Width 12.7

Use existing BC from library (select below)

(6.0")

=  Exterior Boundary
Condition = NFRC
100-2010 Exterior

= Interior Boundary
Condition = Use

Interior Boundary Condition

w Lise convection plus enclosure radiation
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4. If necessary (as in this example because there is a gap between the bottom of the glazing cavity and the
frame), create a separate polygon and use the Library > Create Link feature to link the properties to the 2”
glazing cavity. In the example below, the width of the inner gap is 50.800 mm, and therefore is greater
than 5 mm, so the smaller cavity can be linked to the larger cavity. See Section 6.4.4 for details about
linking cavities to glazing cavities.

vl

].'51 File Edit View Draw | Libraries Igpliuns Calculation  Window  Help

Set Material F4 ﬁ %[‘:L LL 'Vi Stormwindow-sill:Storm Window Cavity 2

Set Boundary Condition F5
Material Library Shift+F4
Eoundary Condition Library Shift+F5
Gas Library

Select Material/Boundary Condition

Glazing Systems F&

UFactor Names

Create Link

Remove Link

Step 2:

Click on the
Libraries/Create Link
menu choice. The cursor
will become an
eyedropper. Click the
eyedropper on the glazing

system cavity, which

will be linked to.

is the

material the first polygon

v

Cavity width = 25.695 mm

Because it is greater than 5 mm,
it can be linked to the glazing
cavity.

Step 1:

Fill the space below the
glazing system cavity with
any material using the Fill
Tool.

Click on the polygon to
select it.

Figure 22-49. If needed, create a material link between the glazing system cavity.
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5. Generate the Boundary Conditions by pressing the BC toolbar button. The figure below shows the
boundary conditions for one storm window cross section. Make sure that the interior boundary
conditions have the Radiation Model set to “ AutoEnclosure”.

BC=Adiabatic
U-factor tag = None

1 >

150 mm

(6.0”) _ . . .
lazi BC= <glazing system> Inside Film

g aimg Radiation Model = AutoEnclosure

system U-factor tag = None

height &

BC=NFRC 100-2010 Exterior
U-factor tag = None

-«

BC= <glazing system> Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edee

63.5mm

N

BC= Interior <frame type> (convection only)
Radiation Model = AutoEnclosure
lI-fartor taoc = Frame

BC=NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior

v
—>

BC=Adiabatic |

U-factor tag = None

Figure 22-50. Define the boundary conditions.
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6. Simulate the problem and save the file.

5 FE2ER S 350

Figure 22-51. Simulate the file.
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22.4.3. Storm Window Meeting Rails

In the case of a meeting rail with a storm window, if the the space between the storm panel and the primary
sash is > 5 mm, that space is linked to the glazing system cavity with the highest Keff (effective conductivity)
value. See Chapter 6 for the frame cavity / glazing cavity linking rules for sealed and unsealed units.

Unsealed storm panel —

5 mm rule for linking Sealed IG, so 5 mm rule for
cavities applies linking cavities is NOT
\ { applied to the cavities

AL

around the spacer
‘,_H p

Throat of this cavity is <5
mm, so it is modeled as a
frame cavity and not linked to
the glazing system cavity.

Glazing
Optionz

K

V

Unsealed storm panel — Sealed IG, so 5 mm
5 mm rule for linking rule for linking
cavities applies cavities is NOT

applied to the
cavities around the

spacer Link the cavity between the storm panel
and the primary sash, which has a throat of
25mm where it connects to the bottom
glazing cavity, to the glazing system cavity
with the highest Keff, ie, the bottom cavity
with a Keff = 0.508

Figure 22-52. Link the cavity between the storm panel and the primary sash, which is > 5 mm,
to the glazing system with the highest Keff value.
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22.4.4. Steps for Storm Window Condensation Index Calculation

The Condensation Index model is only appropriate for horizontal frame components such as Head and Sill
elements - THERM will not calculate the Condensation Index for a file with the Cross Section Type set to
“Jamb” or “Vertical Meeting Rail”.

There are two methods for calculating the Condensation Index information in THERM, which will be used in
WINDOW to calculate the total Condensation Index of the product:

*  Check the “Use CI Model for Window Glazing System” checkbox when importing a glazing system
OR

* In the File menu, Properties choice, Calculation Options tab, under Miscellaneous Parameters, check
the “Use CR for Glazing Systems”, as shown in the figure below.

Miscellaneous Parameters

[ Radiance Mode
Use Cl for Glazing Systems

[T Check for Comect WINDOW BC on Glazing Systems

Figure 22-53. In Options/Preferences/Therm File Options, check the “Use CI Model for Glazing Systems” checkbox.

When the CI model has been “turned on”, red boundary conditions will appear inside the glazing system,
and the following steps should be taken to simulate the file:

1. Check the emissivities of these boundary conditions. They should be the following;:

»  Emissivity of the surrounding surface, such as 0.84 for standard glass, 0.90 for painted metal and
most other frame materials, 0.20 for mill finish metal, and so forth.

* 1.0 for the adiabatic (open end) of the glazing cavity.

2. Simulate the model. The program will calculate both U-factor results and the Condensation Index
results if the CI model is checked.

3. Import the results into the WINDOW Frame Library and use the file to create the whole product in
the Window Library as applicable.
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Emissivity = 1.0
Side = Open

Emissivity = glass layer emissivity
Side = Left

Boundary conditions are
drawn inside the glazing
system cavity when the CR

calculation is “turned on”. Emissivity = glass layer emissivity

Side = Right

Emissivity = emissivity of adjacent
material
Side = Adiabatic

Figure 22-54. Red boundary conditions will appear inside the glazing system when the Condensation Resistance option is turned on.
Check the emissivities of each boundary condition.
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22.4 Storm Windows

22.4.4.3. Calculate the Total Product Values in WINDOW

The following discussion explains how to model the whole product values for the storm window in

WINDOW.

= Import the THERM files into the WINDOW Frame Library.

Figure 22-55. Import the storm window THERM, files.

File Edit Libraries Tools Wiew Help
= = 3 Oj# 7 @8 A V%
Frame Library (C:\Users"Public\LBNL\WINDOW8. 1w 8.mdb)
Detailed View
Update Name Source Type llj:taaTuee UEdagIISe Co?;lggteion Tﬁgf:egss Ptd Abs | Color
New Wim2K | Wim2K
= Al flush ASHRAE NAA 3570 Class1 572 -
Delete Wood ASHRAE NAA 2270 NAA Class1 N/A 69.8 0.90 -
Find Viryl ASHRAE. N/A 1.700 N/A  Classi N/A 69.8 0.90 -
1D e sample-head thmz Therm  Head 2.095 2337 N/A 259 429 0.30 -
sample{amb thmz Them  Jamb 2010 2335 N/A 259 429 030 -
sample-sill thmz Therm Sl 208 2335 N/A 259 429 030 -
Advanced.. sample-head-EdLouveredShut] Thern Head 2024 2248 N/A 259 425 0.30 -
13 record= Found. samplejamb-ExtLouveredShut Therm  Jamb 2.005 2240 N/A 25.9 425 030 -
sample-sil-ExtLouveredShutter| Thern Sl 2m3 2241 NAA 259 429 0.30 -
Stormwindow-sill thma Them il 1.148 1948 N/A 726 A E |
Export Stormwindow-head thmz Therm  Head 1162 1875  N/A 726 60 03 [
Repot Stomwindowjambthmz  |Them Jamb | 1130 1884 N/A 726 630 030 [

* In the WINDOW Window Library, construct the storm window from the THERM files and the glazing
system previously defined, and calculate the total product values.

List
MMew
Copy
Delete
Save
Report
[ Dividers
Dividers

[:] Awnings

Display mode:

Normal

W

Awning 1A - Dark

SHGCNT Detail

ID# 5

Mame Storm Window

Mode NFRC

Type | Fixed (picture)
Width 1200 mm
Height 1500 mm
Area 1.800 m2

Tilt 90
Envirenmental Conditions
MFR.C 100-2001

8 cCheck glazing system compatibility

L

Total Window Results - Normal Inddence

U-factor 1.657

SHGC  0.552
VT 0.59
a 68
cu NfA

Wim2+

Click on @ component to display characteristics below

Frame

Mame

D

Source

Ufactor
Area

2
1.180 W/m2K

Stormwindow-jamb. thmz

16

0.098 m2

Uedge

Edge area
PFD
Abs

1.884 Wjm24

68.973

B

0.082 m2

0.300

Figure 22-56. Storm window created in the Window Library to obtain total product results.
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22.5 Skylights

This section discusses the modeling procedures for skylights, which are modeled in sections in a similar
manner to other products. In addition, in accordance with NFRC 100, skylights are modeled at a 20° slope
from horizontal.

22.5.1. Skylight Modeling Steps

The steps for modeling a skylight are as follows:

In WINDOW:

® Create the skylight glazing system in WINDOW:

®  Set Tilt to “20” degrees
In THERM:

®  Draw the required frame cross sections in THERM, for example a head, sill, and jambs if they are all
different, untilted. Because the tilt of the jambs will be in the z-direction, which is not possible to display
in the two dimensional viewing of THERM, they will be drawn vertically and the gravity vector oriented
properly to reflect the tilt in the z-direction.

® Do not use the Condensation Resistance Model on any of the THERM skylight cross sections. WINDOW
will calculate the CR value based on the temperatures from the U-factor results. (Even if the THERM
cross sections are modeled with CR enabled, WINDOW will use the U-factor temperature results rather
than the CR temperature results when calculating the whole product CR value).

®  Set the Cross Section value in File/Properties as follows:
® For Sill: set Cross Section to “Sill”, Gravity Vector should face “Down”
® For Head: set Cross Section to “Head”, Gravity Vector should face “Down”
® For Jambs: set Cross Section to “Sill”, set Gravity Vector to “Right”

®  The Frame Cavity height is not used by the program for the skylight cross sections, as long as the Types
are defined properly as shown above, so the default value of 1000 mm can be left unchanged.

® Insert the glazing system from WINDOW into the frame cross sections with the Glazing system height
field set to 150 mm (6.0 inches) and the Edge of Glass Dimension field set to 63.5 mm (2.5 inches). The
CR cavity height field can be set to any value (you can leave it set to the default of 1000 mm) because the
U-factor temperatures not the CR temperatures will be used in WINDOW to calculate the overall CR
value).

® Insert the Sill glazing system with orientation up
® Insert the Head glazing system with orientation down
= Insert the Jamb glazing system with orientation up
=  Assign the boundary conditions. Interior Boundary conditions have the following settings:
® Radiation Model set to “ AutoEnclosure”
® Frame Boundary Conditions: set to the appropriate “Interior (20 tilt) ...” choices
®  Tilt the cross section 20 degrees from horizontal:
® For a Sill or Head, rotate the entire model 70 degrees clockwise

®  For Jambs, do not rotate the model at all
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22. Special Cases

22.5 Skylights

® Simulate the skylight cross sections and save them.

®  View the U-factor for the cross section, and make sure the “Projected in Glass Plane” is selected from the
Projection pulldown list, as shown in the figure below. This will ensure that the projection will be correct

for the tilted cross section.

U-Factors

Edge
Display
© Ufactor

(") Rvalue

Frame 4.7506

SHGC Bxerior 5.1358

delta T Length
C mm Rotation
5.0 43.0001 500 Projected in Glass Plane
9.0 435353 500 Projected in Glass Plane
9.0 63.5 30.0 Projected in Glass Plane

. Emor Energy Momm

Export

X

Figure 22-57. Make sure the “Projected in Glass Plane” projection option is selected for the tilted cross section.

There is a circumstance where THERM will not calculate the total frame length correctly, and it is

necessary to enter a “Custom Frame Length” into the U-factor dialog box above. It occurs when a section

of an adiabatic boundary “overlaps” a boundary with a U-factor tag in the projected dimension over

which the length is being calculated.

= Import the components into the WINDOW Frame Library (and Divider Library if appropriate)
®  Construct the whole product in the WINDOW Window Library to get the overall product results.
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22.5 Skylights 22. Special Cases

22.5.2. Skylight Mounting Details

There are two ways that skylights can be mounted into a roof system, either flush-mounted (also called inset-
mounted) or curb-mounted. The figures below show these two different mounting styles. Each mounting
style has a slightly different definition of the adiabatic boundary condition, and each will have a different
projected frame length. The rules for modeling can be found in NFRC 100 and the NFRC Technical
Interpretations. To model curb mounted skylights, if the projected frame height is zero, define a Frame U-
factor Surface Tag 0.25 mm (0.01 inches) up the interior of the glass, which will result in a non-zero frame
height.

Adiabatic boundaries 25.4 mm (1
(no heat loss) inch)
< > >
Frame Frame
Height Height
T < Rough Opening » T

Surround panel — not Surround panel — not
modeled in THERM modeled in THERM

Figure 22-58. A flush-mounted (or inset-mounted) skylight.

Adiabatic boundaries (no
heat loss)

\4

< Rough Opening

Figure 22-59. A curb-mounted skylight.
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22. Special Cases 22.5 Skylights

22.5.3. Example Flush Mounted Skylight Problem

This example assumes a flush-mounted skylight.
In WINDOW:

1. Glazing System Library: Make a glazing system with a tilt of 20° off horizontal. In this example, the
glazing system is called Skylight Double Glz and is made up of generic glass layers.

File Edit Libraries Record Tools View Help

BL dEk@ BE M «rn Baelll: O#7@AYV% T
List ID & 105 Mame: Skylight Double Glz
Calc (F9) # 2 T 20 ® IGHeight:  400.00 mm
New Environmental e
e Conditions: MFRC 100-2010 Y IG Width: 1000.00 mm
Copy Comment:
Delete
e Overall thickness: 16.996 mm Mode: # [CIModel Deflection 1 2
Repart
Radiance
D MName Mode| Thick | DCenter |Flip| Tsol | Rsoll | Rsol2 | Twis | Rwis1 | Rvis2 | Tir El EZ2 | Cond
- Glass 1 »» 102 CLEAR_3.DAT # 30 [Jj0834 0075 0075 0899 0083 0083 0000 0.840 0840 1.000
- Gap 1w 1 Air
- Glass 2 »» 102 CLEAR_3.DAT [J]0834 0075 0075 0899 0083 0083 0000 0.840 0840 1.000

Center of Glass Results  Temperature Data  Optical Data  Angular Data  Color Properties Radiance Results

Lactor 5C SHGC Rel. Ht. Gain Tvis Kt Layer 1 Keff Gap 1 Keff Layer 2 Keff
Wim2-K W/m2 Wim-K Wim-K Wm-K Wm-K
0.879 0.765 578 0.814 0.1092 1.0000 0.0729 1.0000

Figure 22-60. Make new glazing system in the Glazing System Library with Tilt = 20 degrees.

2. Save the file: Make sure to save the glazing system (Record menu, Save choice.).
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22.5 Skylights 22. Special Cases

In THERM, for Sill:

1. Draw the appropriate cross sections for the Sill.

r';s‘ File Edit View | Draw I Libraries Options Calculation  Window  Help - A
0= E & E Polygon F2 E 143 T -

Rectangle F3
Boundary Conditions F10
Fill Yoid
Insert Point Shift=Fé&
Delete Point Drelete
Edit Points
Move Polygon F11
Tape Measure F3 Step 1:
SR i Click on the Draw/Locator
Set Origin Shift=F7 menu (or press Shift F2)
Repeat mode Shift=F3 Step 2:

- To position the Locator, click on the
Locator Shift+F2

lower left hand corner of the space

Elip b where the glazing system will be
Rotate » p|aced
Clear Bad Points

25.4 mm '|

(1 inch)

_I_

Fiqure 22-61. Position the locator so that the first glazing section can be inserted.

2. Insert the glazing system for the Sill, with the following settings:
®  Orientation = Up
= Cavity height = 1000 mm
= Sight line to bottom of glass = measure this value with the tape measure or get from dimensioned
drawings
® Spacer height = measure this value with the tape measure or get from dimensioned drawings
= Edge of Glass Dimension = 63.5 mm (2.5 inches)
®  Draw spacer = not checked
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22.5 Skylights

#layers 2
Ucenter 3.22 Wim2-K

].';5‘ File Edit View Draw | Libraries | Options Calculation Window Help
DEES& Lo Zeu %] |
Material Library Shift+F4
Step L Boundary Condition Library Shift+F5
Go t? Libraries/ S
Glazing Systems
\ Select Material/Boundary Condition
\ Glazing Systems F&
UFactor Mames
Glazing Systems *
ID Name
Glazing System | 105 Skylight Double Glz w ¢ Step 2:

Select the glazing system
created in WINDOW

NFRC CMA...
Thickness 16536 mm
B Insert Glazing System
Orientation Up w
_OK
Cancel

Glazing system width 15956 mm

CR cavity height 1000 mm

FrE=TEER Step 3:

Sight line to bottom of glass 36.771 mm
Spacer height 11.585 mm

Edge of Glass Dimension 63.5 mm
Glazing system height 150 mm
Sight line to shade edge 0 mm

[_] Use nominal glass thickness

[ Use CR Made! for Window Glazing Sysf
Gap Properties

ODefaut Gap 1 .  Keff |

Custom
o Width 1

Spacer

[ Draw spacer
[ Single spacerfor multiple glazings

Material  Fiberglass (PE Resin)

Default Boundary Conditions

Insert the Skylight glazing system with the

following settings:

e  Orientation = Up

e CR cavity height = 1000 mm

e  Sight line to bottom of glass =
measured value
Spacer height = measured value

e  Edge of Glass Dimension = 63.5 mm
(2.5 inches)

e  Glazing System Height = 150 mm
(6.0 inches)

e  Use CR Model for Window Glazing
System = not checked

e  Draw spacer = not checked

e  Exterior Boundary Condition =
“NFRC 100-2010 Exterior”

e Interior Boundary Condition = “Use
convection plus enclosure
radiation”.

O Use Ufactor values

() Use SHGC values
Exterior Boundary Condition
Use existing BC from library (select below)

NFRC 100-2010 Esterior

Interior Boundany Condttion

o se convection plus enclosure radiation HEY

Step 4:
Glazing system is
inserted

Step 5:
Add the spacer.

Figure 22-62. Insert the glazing system.
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22.5 Skylights 22. Special Cases

e Note: If using the Multiple Glazing Options feature of THERM, set up the multiple glazing options
before tilting the profile, so that all the Boundary Conditions become defined automatically for the
glazing options by THERM. Then tilt the cross-section.

3. Assign Boundary Conditions and U-factor tags: Click on the Boundary Conditions (BC) toolbar button
and correct any problems encountered with the geometry (see Section 6.5.3, "Voids, Overlaps, and Bad
Points" in this manual).

4. Tilt the cross section to be 20 degrees off the horizontal plane. For this example sill cross section, click on
the Draw menu, Rotate/Degree choice, and enter 70 degrees Clockwise.

";51 Eile Edit Miew | Draw | Libraries Options Calculation Window Help
=& B Polygon 2R A5 F Ut
Rectangle F3
Boundary Conditions Fi0
Fill Yoid
Delete Point Delete
Edit Points
Move Polygon F11
Tape Measure F8 B, File Edit View Draw Libraries Options Calculation Window Help - &
Set Drawing Scale shift=F3 I|_HEI@-4\=-3D',‘L-’\Q/ [ B | & & W]
Set Origin Shift+F7 o
Repeat mode Shift+F3
Locator Shift+F2
Flip 3
Rotate 4 Left 907
Clear Bad Points Right 90
180°
Degree..
\ 4
Rotate *
Degrees 70 =
Cancel
© Clockwise
() Counterclockwise

Figure 22-63. Rotate the sill cross section AFTER assigning Boundary Conditions.
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22. Special Cases 22.5 Skylights

BC= NFRC 100-2010 Exterior
U-factor tag = None

150 mm (6.0”)
glass height

BC= Adiabatic
U-factor tag = None

A/

63.5mm (2.5") —

- edge-of-glass

BC= NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior

BC= <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC= <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC= Adiabatic
U-factor tag = None \/

Figure 22-64. Boundary condition and U-factor tag settings for skylight Sill example.

BC= Interior (20 tilt) <frame type> Frame (Convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

6. Check the Gravity Vector for the Sill cross section (View/Gravity Arrow), which should point
down.

7. Simulate the file.
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22.5 Skylights 22. Special Cases

8. Click on the Show U-factors button to view the U-factors dialog box. Make sure that the projection is set
to “Projected in Glass Plane” which will allow the program to calculate the correct projected frame
dimensions with a tilted cross section.

U-Factors
U{actor detta T Length
Wim2-K C mm Flotation
e . S Projected in Glass e v | <& Select Projected in Glass
SHGC Ederior 44822 330 485853 200 Projected in Glass Plane < Plane from the pulldown list
Edge ~| 35500 390 635 200 Projected in Glass Plane | < to replace Projected Y for
Frame, Edge and SHGC
ey Exterior
O Ufactor
() Rvalue
% Emor Energy Nom  4.30% Export

Figure 22-65. Select the Projected in Glass Plane for the projected frame dimension calculation.
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22. Special Cases 22.5 Skylights

In THERM, for Head:

1. Create the cross section for the Head, set the Cross Section Type to “Head”, and import the glazing
system facing Down (in order to get the Gravity Vector pointing in the proper direction).

2. Assign the Boundary Conditions as shown in the figure below.

3. Tilt the Head cross section so that it is 20 degrees off horizontal (click on the Draw menu, Rotate/Degree
choice, and enter 70 degrees Clockwise).

4. Check the Gravity Vector (View/Gravity Arrow), which should be pointed down.

BC= NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior

BC= NFRC 100-2010 Exterior
U-factor tag = None

63.5 mm (2.5”)
edge-of-glass

150 mm
(6.0”)
glass height

BC= Adiabatic
U-factor tag = None

BC= <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge
BC= Adiabatic
U-factor tag = None

BC= <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None
BC= Interior (20 tilt) <frame type> Frame (Convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

Figure 22-66. Boundary condition and U-factor tag settings for skylight Head example.
i

5. Simulate the file.
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22.5 Skylights 22. Special Cases

6. Click on the Show U-factors button to view the U-factors dialog box. Make sure that the projection is set
to “Projected in Glass Plane” which will allow the program to calculate the correct projected frame
dimensions with a tilted cross section.

U-Factors
U4actor delta T Length
Wm2-K C mm Rotation
Frame 4.8044 390 43 200 Projected in Glass Plane
SHGC Exterior 5.1583 390 485852 200 Projected in Glass Plane -
Edge ~ | 3.5516 39.0 63.5 200 Projected in Glass Plane -
Display
© Ufactor
() Rvalue
% Emor Energy Mom  7.42% Export

Figure 22-67. Select the Projected in Glass Plane for the projected frame dimension calculation.

In THERM, for Jamb:

1. Create the cross-section for the Jamb. The steps are similar to modeling the head and sill, except for the
following:

=  Jambs are modeled in the vertical direction

*  The Cross Section Type is set to “Sill” (because the dominant direction of gravity is not vertical as it is
with a normal jamb)

* The glazing system is oriented “Up”
* The gravity vector is set by hand to “Right”

2. Simulate the file.
Because the cross section is not rotated, the projection in the U-factor dialog box can be set to either

“Projected Y” or “Projected in Glass Plane”; both settings will result in the same answer.

U-Factors
USactor defta T Length
Wim2-K C mm Ruotation
Frame 4.7204 35.0 43.0001 50.0 Projected in Glass Plane -
SHGC BExerior 5.0837 39.0 485853  90.0 Projected in Glass Flane
Edge ~ | 3.0475 39.0 63.5 30.0 Projected in Glass Plane -~
Digplay
© Ufactor
() Rvalue
% Emor Energy Norm  7.57% S

Figure 22-68. The projection can be set to either “Projected Y” or “Projected in Glass Plane”; both will result in the same answer.
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22.5 Skylights

BC=Adiabatic
U-factor tag = None

!

150 mm
(6 inch)
glazing
system
height

BC=NFRC 100-2010 Exterior
U-factor tag = None

63.5 mm
(2.5 inch)
Edge-of-
glass

BC=NFRC 100-2010 Exterior
U-factor tag = SGHC Exterior

[
»

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

|
BC=Adiabatic
U-factor tag = None

Figure 22-69. Boundary condition and U-factor tag settings for skylight jamb example.

BC = Interior (20 tilt) <frame type> Frame (convection
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22.5 Skylights

22. Special Cases

In WINDOW, Calculate the Total Product U-factor:

1. Inthe WINDOW Frame Library, import the THERM files for the Head, Sill, Jamb and any other needed

cross sections that were modeled.

Frame Library (C:\UsershPublic\LBML\WWINDOWSE. 1w 8 mdb)
Detailed View

Updat Frame Edge Edge Glazing

— ID Name Source | Type Uvalue Uvalue | Comelation | Thickness Ffd Abs
Mew Wem2-K | Wem2-K mm mm
13 Stormwindow-sill thmz Therm  Sil 1148 1545  N/A 726 £9.1 0.30
Copy "

14  Stormwindow-head thmz Therm  Head 1.162 1875  N/A 726 65.0 0.30
Delete 15  Stermwindow-jamb thmz Therm  Jamb 1.180 1884 N/A 726 69.0 0.30
Find 16  HDthmz Therm  Head 4.804 3552 N/A 16.9 43.0 0.30
ID w [ 17 JBihmz Them  Sil ] 4720 1547  N/A 16.9 430 0.30
18 SLthmz Them f Sill 4157 1550  N/A 169 430 0.30

Jamb has cross section type = Sill (see Jamb

description above.

Figure 22-70. Import the skylight THERM files into the WINDOW Frame Library.

2. Construct the whole skylight in the WINDOW Window Library by using the THERM files for the frame
components and the glazing system for the center of glass. Make sure that Type = Skylight and Tilt = 20

File Edit Libraries Record Tools View Help
= 4@ BElu«rn BloeN: O#7aAV%
List ID# 5 i
Calc (F3) Mame Skylight
Mode MFRC -
Mew
Type Skylight B
Copy
Width 1200 mm
Delete Height 1200 mm
Save Area 1,440 m2
Report Tilt 90
M Dividers Environmental Conditions
— NFRC 100-2010 v
Dividers
() Awnings B chedk glazing system compatibility
Generic 1
) Total Window Results - Mormal Incidence
Display mode:
Mormal - Click on a compenent to display characteristics below
U-factor 3.480 W m2+K
nEE Frame
SHGC .
Name  SL.thmz RS-
R VT 0.702
SHGC/NT Deta D 18 Uedge 3.550 W/m2K
e N/A Source & Edge area 0.067 m2
CRDEt Ufactor 4,197 Wjm2K PFD  43.000
Area 0.050 m2 Abs 0.300

Figure 22-71. Create the whole skylight in the Window Library.
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22. Special Cases 22.5 Skylights

22.5.4. Domed Skylights / Glass Block

The following describes the steps for simulating a domed skylight or glass block product to obtain the total
product U-factor.

1) Determine the glazing components conductance, Cs, per ASTM C1363.
2) Calculate the effective conductivity (to 3 significant figures) in Btu/h/ft/°F by the following formula:

Keffglass = Cs*t/ 12,

Where:
Cs = Conductance of glass as determined per ASTM C1363 test
T = thickness of sample in inches
12 = conversion factor from conductance to conductivity

(Btu-in/hr/ft2/°F to Btu/h/ft/°F)

3) Make a new a glass layer in the Glass Library, and set the conductance to the calculated Keffglass
value.

a. Enter the thickness of the sample
b. If the sample is glass, enter 0.84 for the emissivity of the front and back surfaces

c. If the sample is not glass, then the emissivity of the material shall be determined per the
applicable ASTM standard.

d. The solar, visible, and Tir spectral data values shall not be used and therefore the default
values shown do not need to be modified.

4) Build the glazing system to be used in the THERM model in the Glazing System Library
5) Import the glazing system into the applicable THERM model.

Glass Block Example

]
The Cs value from the ASTM C1363 test = 0.635 Btu/hr-ft2-°F. The glass = 1.008" thick.
Keffglass = 0.635 * 1.008 / 12 = 0.0533 Btu/hr-ft-°F = 0.092 W/m-K

In the Glass Library, make a new record, and set the Conducivity to 0.092 W/m-K. Set the front and
back emissivity to 0.84.
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22.5 Skylights

22. Special Cases

Emis., Front (Emis1)  0.840

Emis., Back (Emis2)  0.340
coors ]
(] Diffusing

Spectral data

File Edit Libraries Record Tools View Help
B fBR@ Bzl «» 1 BE(€l; O#7@8AV% ?
Glass Library
List .
D# 2000 Thickness: 25.6 mm
Optics 5
— Name: Glass Block
— Product Mame:
et Manufacturer:  Generic
Delete
Type:  Unknown
Save
Conductivity 1.000  wjm+
Solar
Trans, Front 0.834
Trans, Back (Tsol2):  0.334
Reflect., Front (Rsoll):  g.075
Reflect., Back (Rsol2): 0,075
Visible
Trans, Front (Tvis):  0.899
Trans, Back (Tvis2):  0.899
Reflect., Front (Rvis1):  0.083
Reflect., Back (Rvis2):  0.083
IR
Trans (Tir):  0.000

Figure 22-72. Create a new record in the Glass Library for the Glass Block tested value.

4. In the Glazing System library, create a record for, in this example, a glass block glazing system using
the new glass layer created in the Glass Library, and calculate the properties.

File Edit Libraries PRecord Tools View Help
B @ BElMerm Bae[ll; O#7@aAYV% 2
List
o ID#E 2 Mame: Glass Block 25 mm
# 1 S Tk 90 ° IGHeight: 1000.00 mm
New Environmental 3 » L
= Conditions: NFRC 100-2010 IG Width:  1000.00 mm
Copy Comment:
Delete
Overall thickness: 25,600 mm Mode: 1
Save _ —
Report
Radiance
D Mame Mode| Thick | DCerter |Flip| Tsol | Rsoll | Rsol2 | Twis | Rwis1 | Rwis2 | Tir E1 EZ2 | Cond
i Glass 1 »» 2000 Glass Block 256 |:||D.E>34 0075 0075 0833 0083 0033 0000 0840 0840 1.000

Center of Glass Results  Temperature Data  Optical Data  Angular Data  Color Properties  Radiance Results

| factar 5C SHGC Rel. Ht. Gain Twis Feff Layer 1 Keff
Wim2-K Wim2 Wem-K Wim-K
0.991 0.862 662 0.899 N/A 1.0000

Figure 22-73. Create a new record in the Glazing System Library using the Glass Block layer.
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22. Special Cases 22.5 Skylights

5. Import the glazing system into the applicable THERM model and simulate the product.

6. Calculate the total product U-factor. WINDOW should be able to calculate this value but if not, then
use a spreadsheet to obtain the area-weighted U-factor.

22.5.5. Sloped Glazing Systems with Large Gaps:

WINDOW can now calculate the Center-of-Glass correctly for gaps widths greater than 30 mm. Therefore,
there are no special steps required for this situation - model it as you would any other sloped skylight.
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22.6 Doors 22. Special Cases

22.6 Doors

Swinging entry doors are modeled differently than window products because there are more opaque sections
to be modeled in THERM. The procedures for modeling doors are included in NFRC 100 and that document
should be reviewed in detail before modeling any entry door systems.

NFRC has defined ten regions within a door that need to be modeled. These regions include:

"  Frame Area

" Lite Frame Area

= Divider area

= Edge-of-divider area
® Edge-of-Lite Area

= Center-of-lite area

"  Door Core Area

"  Panel Area

= Edge-of-Panel Area

NEFRC 100 contains several figures which illustrate the location of the door sections to be modeled in THERM.

When modeling glazing options with caming, the NFRC default caming can be used. See the section on
Dividers in this chapter for information about modeling caming inside an IG.

A spreadsheet must be used to do the door area-weighting from the THERM files, because the current version
of WINDOW does not area-weight doors. In THERM, the U-factor Surface Tags can have any name and as
many U-factor Surface Tags can be defined as are needed to accurately describe the model. (See Section 6.2.4,
"Define U-factor Surface Tags in the THERM User's Manual), so define as many U-factor Surface Tags as
needed and name them descriptively.

SHGC Calculation

When calculating the SHGC for the opaque components of a door, using the ISO 15099 equation for frames
(see formula for SHGC;below), using an hout value of 30 W/m?2-°C.

U,
Asurf h

i

SHGC, =a, -

out

Boundary Conditions for Steel Skin Doors

The following boundary conditions (BC) shall be applied when modeling doors containing a steel skin with
either a non-metal or wood edge or steel edge. The appropriate BC shall be applied to applicable individual
sections.

Door section material Boundary Condition
Non-metal / wood edge Wood / Vinyl
Steel edge Thermally-Improved
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22. Special Cases 22.7 Spacers

22.7 Spacers

22.7.1. Overview

THERM has the capability to model spacers in great detail, so that modeling of spacer effective conductivity
is no longer needed. Spacer models can be easily reshaped in THERM, and the program's cut and paste
feature allows spacers to be copied into each cross section as needed. A library of spacer models can be
produced for each spacer type. A sample spacer, spacer.thm, is included on the THERM installation CD.

].';E‘ File Edit Wiew Draw Libraries Options Calculation Window Help - X

I

xy 7.3,-56.0 | dx,dy -3.4, -0.3 | len 3.4 | Step 10.0 | mm
Ready | Steady-State | Sill

Figure 22-74. Spacer.thmz sample file.
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22.7 Spacers

22. Special Cases

22.7.2. Linking Glazing Cavity properties (imported from WINDOW) for Open Spacers

The properties of a glazing cavity can be linked to another polygon in order to properly model spacers that
are open to the glazing system cavity.

To Link the properties of two materials, follow these steps:

= Select the polygon that is to linked to another polygon

=  Select the Libraries/Create Link menu choice.

= The cursor will become an Eye Dropper. Click the Eye Dropper cursor in the polygon to be linked
to. The material properties of the first polygon are not linked to the material properties of the

second polygon.

When using the multiple glazing calculation option, THERM will automatically use the glazing system cavity
properties for each glazing option for the linked polygon.

LbeE& B o

_

1%1 File Edit View Draw | Libraries | Options Calculation  Window  Help

Set Material F4
Set Boundary Condition F5
Material Library Shift+F4
Boundary Condition Library Shift+=F5

Gas Library
Select Material/Boundary Condition

Glazing Systems F&
UFactor Names

Create Link

7

/

Step 2:
Select the Libraries/Create Link
menu choice.

Step 1:
Select the polygon
(labeled “1” in this
example) that is to
be linked to another
nolveon.

1K

Step 3:

The cursor will become an Eye
Dropper. Click the Eye Dropper in
the polygon you want to link to, in
this example, the large glazing
cavity, labeled “2” in this example.

The material properties of polygon
“1” are now linked to the material
properties of polygon “2”, so in this
example, the polygon below the
glazing cavity (1) will have the same
material properties as the glazing
cavity (2).

Figure 22-75. Link the open spacer cavity to the glazing system cavity using the Library/Create Link feature .
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22. Special Cases 22.7 Spacers

Another example of an “open” spacer is shown below. For sealed glazing systems (such as an IG) the 5 mm
rule for linking frame cavities and glazing cavities does not apply. So in the example below, the frame cavity
inside the spacer as well as the two small cavities on either side of it, all of which are connected to the glazing
cavity, are linked to the glazing cavity even though the connection (throat) to the glazing cavity is less than 5
mm.

For sealed IG units, the 5 mm rule is not
applied to frame cavities that touch the
glazing cavity,

So in this example, all the frame cavities
that touch the glazing cavity are linked to it,
even if their throats are less than 5 mm.

Figure 22-76. Because the “throat” between the spacer opening and
the glazing system cavity is <5 mm, the two cavities are not linked.
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22.8 Non Continuous Thermal Bridge Elements 22. Special Cases

22.8 Non Continuous Thermal Bridge Elements

Bolts, skip and debridge thermal break, including partially de-bridged thermal break material, and thermally
slotted cross section shall be included in the model using the concept of isothermal planes. The isothermal
planes methodology calculates an effective conductivity of the bridging material based on area weighting the
sections of the product with and without thermal bridging material based on the bridging material spacing
dimensions. This method is also valid for other regularly spaced thermal bridges such as skip-and-debridged
systems.

The effect on the performance of a curtain wall system due to bolts is explained in detail in an ASHRAE
paper published in 1998 entitled “The Significance of Bolts in the Thermal Performance of Curtain-Wall Frames for
Glazed Facades”, by Brent Griffith, Elizabeth Finlayson, Mehrangiz Yazdanian and Dariush Arasteh.

The THERM model to be simulated for the final result is one in which the actual materials of the thermal
bridging elements are replaced with a user-defined material having an effective conductivity which
represents the area-weighted value that combines the bridging and non-bridging elements.

Figure 20-77 below illustrates an example of a curtain wall system which would require that the thermal
bridging elements, in this case the bolts, be modeled using the isothermal planes method.

Thermal bridging

material depth Cross section A through
thermal bridging material
(bolt)

Cross section B
without thermal
bridging material
(bolt)

I Bolt Head Size

Figure 22-77. Example of a curtain wall system with regularly spaced bolts which act as thermal bridges.
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22. Special Cases 22.8 Non Continuous Thermal Bridge Elements

22.8.3. Modeling Steps

The steps for constructing the final THERM model to be simulated are the following:

1. Draw the THERM model without the thermal bridging material.

2. Determine the conductivities of the materials that the thermal bridging material replaces.
»  Conductivities of materials can be obtained from the THERM Material Library

»  Conductivities of air-filled cavities (such as frame cavities) are assumed to be 0.024 W/ m-K (or 0.014
Btu/hr-ft-°F).

3. Using a cross-section that contains the non-thermal bridging material, measure the depths of each
element of the non-thermal bridging material that will have a different thermal conductivity in the non-
bridging cross section.

4. Use the conductivities of the non-thermal bridging materials and depths of the non-thermal bridging
materials in Equation 2 below to determine the Resistance (R) for each non-thermal bridging element.

5. Sum the resistances (Rt) and divide by the total depth of the non-thermal bridging elements to obtain Kn,
as shown in Equation 3, to calculate the conductivity of the non-thermal bridging elements

6. Calculate the fraction of thermal and non-thermal bridging material along the length of the facade using
Equations 4 and 5.

7. Calculate the final effective conductivity value for the thermal bridging elements using Equation 1.

8. In THERM, define a new material with the Keff value derived in Step 7, and assign it to the cross section
polygons that represent the thermal bridging elements.

9. Simulate the model.
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22.8 Non Continuous Thermal Bridge Elements 22. Special Cases

22.8.4. Equations

Calculate the effective conductivity of thermal bridging elements (e.g., bolts, screws, etc.)

Keff= Fb*Kb + Fn*Kn Equation 1
where
Fb = Fraction of the Length which contains the thermal bridging elements (see equation 4 below)
Fn = the fraction of the Length which contains non-thermal bridging elements(see equation 5
below)
Kb = conductivity of the thermal bridging elements
Kn = conductivity of the non-thermal-bridging elements

(from the sum of the resistances, Rt, of individual elements from Equation 2 below)
Assume a default value of 0.024 W/m-K for air cavities.

This methodology should be applied with the following caveats:

= ]Ifless than 1% (to obtain percentage, multiply fraction by a 100) of the Length is made of thermal
bridging elements (such as stainless steel), i.e., Fb < 0.01, do not model the thermal bridging elements.

= If between 1% and 5% of the Length is made of thermal bridging elements (0.01 <=Fb <= 0.05) and if
the conductivity of the thermal bridging elements is more than 10 times the conductivity of the
thermal break, model the thermal bridging elements using the keff calculated in Equation 1.

= If more than 5% of the length is made of thermal bridging elements (Fb > 0.05), model the thermal
bridging elements using the keff calculated in Equation 1.

® Calculate the total resistance of the non-thermal bridging elements, Rt, by summing individual
resistances (non-thermal bridging element conductivity) for each non-thermal bridging element using the
formula:

Rt=%(D / k) Equation 2
Where:

Rt = Sum of the thermal resistances of the individual non-thermal bridging material. Units: m? -K/W
(SI), or hr ft2 °F/Btu (IP)

D = Depth of the individual non-thermal bridging elements that will be substituted by the calculated
effective conductivity. Units: m (SI), or ft (IP), or (in) (alternate IP)k = conductivity of the individual
non-thermal bridging elements that will be substituted. Units: W/m K (SI), or Btu/hr in °F (IP), or
Btu in/hr ft2 °F (alternate IP)

Therefore:

Kn=Dt/Rt Equation 3
Where:

Dt = Total depth, which is the sum of the depths of the individual non-thermal bridging elements
Calculate the fraction of thermal bridging material to non thermal bridging material as follows:

Fb=Wb / Sb  (%Fb=Fb 100) Equation 4

Fn=1-Fb Equation 5
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22. Special Cases 22.8 Non Continuous Thermal Bridge Elements

Where:
Wb = Bridging material width
Sb = Bridging material spacing

22.8.5. Example 1: Bolts in Curtain Wall

Note: This example is only presented in SI units and is not translated into IP units.

The following figures show two cross sections of the curtain wall in Figure 20-78. Figure 20-80 represents the
cross section of the curtain wall where the bolt occurs (screw threads should be averaged and not drawn
explicitly), and Figure 20-79 represents the cross section of the curtain wall where the bolt does not occur. The
geometry of the cross-section in Figure 20-80 would be used for the final THERM run, and the conductivity of
the materials used to define the bolt would be changed to the value derived from the methodology explained
in this section. The geometry in Figure 20-79 is drawn only to obtain the conductivity values for calculating
the conductivity of this “averaged” material.

Figure 22-78. THERM cross section where the bolt occurs (curtain wall bolt.thm).
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22.8 Non Continuous Thermal Bridge Elements 22. Special Cases

Figure 20-79 shows the conductivity values for the four materials that must be obtained for the calculation.
Material 1 and 4 are air cavities, and the conductivity is assumed to be 0.024 W/m-K.

ki = Air cavity kz = Aluminum ks = Vinyl ks = Air cavity
=0.024 W/m-K =160 W/m-K =0.12 W/m-K =0.024 W/m-K

Fiqure 22-79. Materials in the non-bridging material cross section for which conductivities must be obtained.

!

dl =0.00392 m d2 =0.003175 m d3 =0.00586 m

d4 =0.01411m

Figure 22-80. Material depths for the thermal bridging materials.
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22.8 Non Continuous Thermal Bridge Elements

Figure 20-80 shows the depths of each of the thermal bridging elements that are used in the Keff calculation.

Table 20-1 shows the conductivity and depth values used to calculate the R for each non-thermal bridging
element using Equation 2.

Table 20-1
Cross Material Conductivity | Depth R
dection WmK] | () [m2K/
Element
W]
1 Air cavity (default value) 0.024 0.00392 0.16333
2 Aluminum 160 0.003175 | 0.0000198
(conductivity from THERM Material Library)
3 Vinyl 0.12 0.00586 0.049
(conductivity from THERM Material Library)
4 Air cavity (default value) 0.024 0.01411 0.587917
Total 0.02706 0.800103

Calculate Rt as follows:

R

Dt

= Z(d/k)
= (d1/ka) + (d2/ka) + (ds/ks) + (ds/ka)

= (0.00392 / 0.024) + (0.003175 / 160) + (0.00586 / 0.12) + (0.01411 / 0.024)

= 0.800103 m2K/W

= 0.00392 m + 0.003175 m + 0.00586 m + 0.01411 m

= 0.02706 m

Calculate the conductivities as follows:

Kn

Kb

= Dy/Rq

= 0.02706 / 0.800103

= 0.033821 W/m K

= 14.3 W/m K (stainless steel)

Calculate the fraction of bolt to no bolt as follows:

Wb

Sb

Fb

Fn

= Bolt head width

= 11.1 mm

= Bolt spacing 12"

= 304.8 mm

= Wb / Sb

= 11.1 mm / 304.8 mm

= 0.036 (%Fb=0.036 100 = 3.6%)
= 1-Fb

= 1- 0.036

= 0.964
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22.8 Non Continuous Thermal Bridge Elements 22. Special Cases

Calculate the new Keff, which will be used in THERM as follows:

Keff = Fb*Kb + Fn*Kn
Keff = (0.036 * 14.3)+(0.964 * 0.033827)
= 0.55 W/m K

In THERM, create a new material in the Material Library with this Keff. In the THERM cross section, the bolt
material should be changed from Stainless Steel to this new material. The resulting cross section is a 2-D
thermal equivalent of the cross section with and without the thermal bridging material.

Material with
Keff = 0.55 W/mK

Figure 22-81. Final THERM model with boundary conditions defined.
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22.8.6. Example 2: Thermally slotted cross-section

~| 03750
posen_ L 3625 . Slot |
m 0.“520 [ ] [ 01000
f [ [ [ £
oswod = 77
Figure 22-82. DXF for thermally slotted cross section.
Step |
Skip =0.009525 m (0.375 in)
Slot (Air) =0.092075 m (3.625 in)
Interval =0.092075 m (3.625 in) + 0.009525 m (0.375 in)
= 0.1016 m (4 in)
Fb =0.009525 m/ 0.1016 m
=0.094
Fn =1-Fb
=1-0.094
=0.906
Percent of thermal bridge = (Fb)*100
=0.094 * 100
=9.4%

Because the thermal bridge is 9.4% of the length of the facade, the skip-and-debridge needs to be calculated
using the isothermal plane procedure. Note: The rest of the example will be in SI units only, with no IP unit
translation

Kb =160 W/m-K (conductivity of skipped debridge, in this case Aluminum)
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22.8 Non Continuous Thermal Bridge Elements

22. Special Cases

Rt =" (Depth/ conductivity)
=Da/kq

(0.0086 m/0.024W/m-K)

0.35833 m2-K/W

where Depth is length of thermal bridge in a direction of heat flow, and the air is assumed to have the

conductivity of 0.024 W/m-K

Kn = total depth/Rt
=0.0086m/ 0.35833 W/m-K
=0.024W/m-K

Keff  =Fb*Kb +Fn*Kn

=0.094*160 W/m-K + 0.906* 0.024W /m-K

=15.062 W/m-K

To convert to IP:

Keff =15.062W/m-K*0.57782
= 8.703 Btu/hr-ft-°F

or in alternative IP units,

Keff  =15.062*0.57782*12 in/ft
=104.436 Btu-in/hr-ft>-°F
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22. Special Cases 22.8 Non Continuous Thermal Bridge Elements

Step-2
Replace the strip of air-aluminum-air with new keff material of 15.078 W/m-K

Thermal-debridged Apply keff for each skip and slot row (air /
Keff 8.918 W/m-K aluminum / air)
(61.854 Btu-in/hr-ft-deg F) Keff = 15.0617 W/m-K

Figure 22-83. New Keff assigned to each skip and debridged row.

Step 3
Define the Boundary condition and run the model to calculate the U-factor for frame and edge-of-glass.
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22.8.7. Example 3: Skip-and-debridge:

\ 17433

FRAME HEIGHT

19”_

-l
- |

()

ol weale 1020
0.0508 m (2”)
.5%»“-)0.5]-\? P.OSS
}

soale 1: 2

Note: the skip trapezoid shall be treated as a rectangle equal to the total length of the base of the
trapezoid.

Figure 22-84. Drawings for Example 3 Skip and Debridge.
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22. Special Cases 22.8 Non Continuous Thermal Bridge Elements

STEP 1

Skip = 0.0508 m (2 in)

Debridge (Air) = 0.4318 m (17 in)

Interval = 0.508 m (2 in) + 0.4318m (17 in) = 0.4826 m (19 in)

Note: The rest of the example will be in SI units only, with no IP unit translation

Original file with skipped debridge New file with skipped debridge

area set to material with
Keff = 16.869 W/m-K

Figure 22-85. Original THERM model and new model with new Keff for skipped debridge area.

Fb =0.0508 m/ 0.4826 m = 0.1053

Fn =1-Fb
1- 0.1053 = 0.8947

%Fb = (Fb) 100
=(0.1053) - 100
=10.53% (Skip-and-debridge needs to be calculated using Isothermal plane procedure).

Kb =160 W/m-K (conductivity of skipped debridge, in this case aluminum)
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Rt =Y Length/ conductivity
= (0.00635 m/0.024 W/m-K)
=0.2646 m>-K/W

The length is the length of material in a direction of heat flow i.e. 0.25” as shown in the figure above. (The air
effective conductivity calculated using THERM)

Kn = length/Rt
=0.00635m/0.2646 m2-K/W
=0.024 W/m-K

Fb*Kb +Fn*Kn
0.1053*160 W/ m-K + 0.8947*0.024 W/m-K
=16.869 W/m-K

Keff

To convert to IP:

Keff = 16.869 * 0.57782 = 9.747 Btu/hr-ft-F (or in alternative IP Units: 116.97 Btu-in/hr-ft2-F)
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22. Special Cases 22.9 Site Built fenestration products
(Curtain Walls, Window Walls and Sloped Glazing)

22.9 Site Built fenestration products
(Curtain Walls, Window Walls and Sloped Glazing)

A few things to be aware of:

= Review the drawings carefully for non-continuous elements. These systems tend to have many such
elements including shear blocks, installation clips and spacers at the bolts.

»  Gite built modeling is partially depend¥: widthent on the installation of the product. Make sure that the
drawings show the installation.

=  Site built products are typically multiple lite systems where the intermediate vertical and horizontal
frame members repeat in some pattern.

22.9.1. Curtain Walls, Window Walls, and Sloped Glazing

A curtain wall and window wall is a building wall carrying no super-imposed vertical load. A curtain/window
wall system will typically be exterior to the building framework and will typically bypass the building floors.

Curtain walls, window walls, and sloped glazed wall systems can be simulated as two lites with one vertical
mullion. See the introduction to this section for the specific members of curtain walls, window walls, and sloped
glazed wall systems that are to be modeled. If the intermediate vertical and horizontal members were simulated
full width or height for the jambs, head and sill, then the total area of the frame as simulated would be significantly
larger than actual frames, so some members (depending on whether it is a curtain wall, window wall or sloped
glazing) can be simulated as 2 the full height ( for head and sill) or width (for jambs). The vertical mullion is
generally simulated full width.

Modeling Procedures:

*  Curtain Walls: See the modeling steps in the following section.

1
] T T T
:4'_ Intermediate vertical frames — '
1 | | 1
1 1
1T oS eesSeeseeesssesseesssesseeses Y e
| I ;
1 1
' Modeled as !
! Head, but % ! | di
i | Modeledas ~ —3p» height i |Intermediate
i | Muttion, full I [horizontal
| width Modeled as -4 i frames
1 Jamb, but % 1
i width :
' Modeled as :
' <4—Jamb, but Modeled as Sill, i
1 but % hejght 1
! 1
i v S 4
R U R -
1 1
! [
! 1
1 1
' 1

Figure 22-86. Curtain Wall Modeling Method

=  Window Walls: For window walls, the standard head and sill members are modeled, and therefore the
steps for simulation are identical to that of a normal window cross-section.
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(Curtain Walls, Window Walls and Slpped Glazing) 22. Special Cases

1
! T
! 1
! 1
1 1
! 1
| A :
| ! |
' Modeled as !
: Head, full height :
1| Modeled as —> 1
i | Mullion, full |
I | width Modeled as -4 i
1 Jamb, but % 1
i width :
' Modeled as :
: 94— Jamb, but % Modeled as Sill, !
1 width full heigflt 1
! 1
: v :
! 1
! 1
! 1
! 1
1 1
' 1

Figure 22-87. Window Wall Modeling Method

* Sloped Glazed Wall System: If the product to be simulated is a sloped glazed wall system, then the
modeling steps are identical to a curtain wall or window wall, except that the cross-section is to be sloped
20 degrees (see skylight section for instruction on sloping products).

22.9.2. Curtain Wall Modeling Procedure

1
54-— Intermediate > i
! vertical frames ]
| |
_——)—_————— S i -
: : 4
1 T
1 1
1 1
1 1
1 T 1
1 1
! Modeled as Head, '
[ but % height ! i
' Modeled as Mullion, N :Nelg i Inte.rmedlate
i . i horizontal
i full width i
1 i frames
1 1
1 Modeled as Jamb, !
1 1
] but % width :
| |
1 1
1 1
1 1
: 4—1'\)"‘;"1'/‘"“," di;Jamb' Modeled as Sill, !
! ut7zwi but  height !
| T |
1 1
| v | v
i S U — —
1 1
1 1
T T
1 1
1 1
1 1
1 1
1 T
1 1

Figure 22-88. Curtain wall simulation model (represented by dotted lines) for rating,
where the framing members are modeled at half their width.
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T

Modeled as Head,

Modeled as Mullion, N full height
full width
Modgled as Jamb, N
full width
;\/Ilcide.lsias Jamb, Modeled as Sill,
a— full heigh
v

| |
Figure 22-89. Curtain wall simulation model (represented by dotted lines) to match testing.
Steps in Modeling Curtain Walls for Rating Simulation
In WINDOW:
* Create glazing systems in WINDOW as usual, with Tilt set to “90".
In THERM:

*  Draw the cross sections for curtain walls in the same manner as any other model in THERM - it will
be a model similar to a meeting rail.

The following discussion lists the steps for making cross sections for intermediate horizontal and vertical
frames. In the example, the horizontal frame and vertical frame are the same so only one drawing will be
needed.
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Figure 22-90. Curtain Wall Mullion Cross Section (mull.thm)
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22. Special Cases 22.9 Site Built fenestration products
(Curtain Walls, Window Walls and Sloped Glazing)

Modeling the Intermediate Vertical Mullion:

Using the dimensioned drawings or a DXEF file, create the cross section for the frame portion of the vertical
mullion. The figure below shows a THERM cross section of the frame portion of the vertical mullion.

Make sure that the section is oriented correctly with the glazing oriented up and down.

= If bolts are present make sure to model them as non-continuous thermal bridging elements if needed.
(see Section 20.8).

= Pay particular attention to the aluminum finish in order to assign the correct materials to the
drawing. (In the figure below, where the arrows point to Aluminum)

bol

Aluminum

Figure 22-91. Mullion frame cross section without glass (Mull_noglass.thm)

This vertical cross section will be used for the vertical intermediate (mullion) and for the jambs. The jamb
model it is necessary to determine and mark the %2 width point between the sightlines. The easiest way to do
this is to make temporary reference rectangles as follows:
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(Curtain Walls, Window Walls and Sloped Glazing) 22. Special Cases

Determine Frame Midpoints

In order to model the “half-width” frame dimensions for the rating simulation, it is necessary to determine
the mid-point of the frame, which is most easily done before the glazing systems are inserted.

= Draw a rectangle from the sightline (highest interior point) for both glazing systems, going horizontally
in both directions, so that each rectangle is larger than the horizontal dimension of the frame.

*  On both the right and left side of the frame draw a rectangle between the other two reference rectangles
and make sure it contacts the frame.

= Measure the exterior rectangle just created in the vertical dimension. The midpoint of the frame is half of
this dimension.

=  For both the right and left sides of the frame cross section, select the vertical frame component and insert
a point on the frame at the midpoint dimension.

Step 1 — Draw two “reference” rectangles (top
and bottom) from the sightline, larger than the
depth of the frame cross section

Sightline

Step 4 — Select the vertical frame Step J—— Measure
components and insert a point at the the vertical
midpoint as measured in Step 3. rectangles and
determine the
This will define the midpoint of the frame for midpoint (half the
the “half-height” frame dimension for the vertical dimension)
rating simulation. of each rectangle.

.

Step 2 — Draw two “reference” rectangles
(right and left) between the top and bottom
rectangles

Figure 22-92. Determine the frame mid-points ( mull_midpoint.thm)
Finish the cross section
= Delete the four “reference” rectangles.
= Insert the glazing and spacers as usual.
* In Therm File Properties (File/Properties), set the Cross Section Type to “Vertical Meeting Rail”.
* Assign the Boundary Conditions as follows:

= Interior Frame: For the mullion cross section, the entire frame width (not just half) is modeled, so all
the interior frame boundary condition elements are assigned a Boundary Condition of “<frame
type> Interior (Convection Only), and a U-factor Surface tag of “Frame”.
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= Interior Glazing: Set the Boundary Conditions for each glazing system to “<glazing system> U-
factor Inside Film” and the U-factor Surface tag to “Edge” for the first 63.5 mm (2.5 inches) from the
sightline, and “None” for the remainder of the glazing system.

=  Exterior Frame: Set the BoundaryCondition to “NFRC 100-2010 Exterior” and the U-factor Surface
tag to “SHGC Exterior” for the exterior frame

=  Exterior Glazing: Set the BoundaryCondition to “NFRC 100-2010 Exterior” and the U-factor Surface
tag to “None” for both exterior glazing systems.

Mullion
Exterior Interior
> 24 <
150 mm
(6.0 inches) BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None
BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody P
§ <
U-factor tag = None | |
63.5 mm BC = <glazing system> U-factor Inside Film
(2.5 inches) Radiation Model = AutoEnclosure
U-factor tag = Edge
|
[
BC = NFRC 100-2010 Exterior BC = Interior <frame type> (Convection only)
Radiation Model = Blackbody Radiation Model = AutoEnclosure
U-factor tag = SHGC Exterior U-factor tag = Frame
[
BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge
.4t
BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-factor tag = None BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None
» oa <

Figure 22-93. Curtain Wall Mullion Boundary Conditions
(mull_boundary.thm)
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Modeling Curtain Wall Jambs:

In this example, the curtain wall jambs are modeled using the same drawing as the mullion. The boundary
conditions are adjusted to capture the heat flow of only half the width. Since the sections may be
asymmetrical, both the left and right portions of the mullion are required to be simulated as left and right
jambs.

For the Right Jamb:
*  Copy the vertical mullion drawing with boundary conditions assigned .
* In Therm File Properties (File/Properties), set the Cross Section Type to “Vertical Meeting Rail”.
= Do not change the Boundary Conditions but assign new U-factor Surface tags as follows:
* Interior Frame:
* from the midpoint to the top sightline set the U-factor Surface tag to “Frame”

* from midpoint to the bottom sightline and the entire bottom glass assign the U-factor Surface tag
to “None”.

* Interior Glazing System: for the first 63.5 mm of the top glazing system set the U-factor Surface
tag to “Edge”, and the remainder of the glazing system to “None”. For the entire bottom glass
assign the U-factor Surface tag to “None”.

* Exterior Frame:
» from the midpoint to the top sightline assign the U-factor Surface tag to “SHGC Exterior”
* from midpoint to the bottom sightline assign the U-factor Surface tag to “None”.

* Exterior Glazing System: set the U-factor Surface to “None”.

22-98 October 2026 WINDOW 8.1 User Manual



22. Special Cases 22.9 Site Built fenestration products
(Curtain Walls, Window Walls and Sloped Glazing)

Right Jamb
Exterior Interior
> -—8y ¢—
150 mm . . .
(6.0 inches) BC = <g|azmg system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None
BC = NFRC 10-20100 Exterior
Radiation Model = Blackbody P
» <
U-factor tag = None [
63.5 mm BC = <glazing system> U-factor Inside Film

(2.5 inches) Radiation Model = AutoEnclosure
U-factor tag = Edge
|

BC = NFRC 100-2010 Exterior / BC = Interior <frame type> (Convection only)

Radiation Model = BIackady [ Radiation Model = AutoEnclosure
U-factor tag = SHGC Exterior U-factor tag = Frame

BC = Interior <frame type> (Convection only)
q Radiation Model = AutoEnclosure
U-factor tag = None
|
BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody BC = <glazing system> U-factor Inside Film
U-factor tag = None -

Radiation Model = AutoEnclosure
U-factor tag = None

v
:
A

Figure 22-94. Right Jamb Boundary conditions
(rightiamb_boundary.thm).
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For the Left Jamb:

= The process is the same as the right jamb except that the Frame, edge and SHGC Exterior tags are
assigned to the bottom half of the drawing and the top half is assigned the tag of “none”

Left Jamb
Exterior Interior
> H—- ——
150 mm
(6.0 inches)
BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
BC = NFRC 100-2010 Exterior | ! U-factor tag = None
Radiation Model = Blackbody 63.5 mm
U-factor tag = None (2.5 inches)
BC = Interior <frame type> (Convection only)
[ Radiation Model = AutoEnclosure

U-factor tag = None

]

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

v

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-factor tag = SHGC Exterior

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC = NFRC 100-2010 Exterior

Radiation Model = Blackbody
U-factor tag = None BC = <glazing system> U-factor Inside Film

Radiation Model = AutoEnclosure
U-factor tag = None

v
:
A

Figure 22-95. Left Jamb Boundary Conditions
(leftiamb_boundary.thm)

NOTE: the THERM File option “ Use CR Model for Window Glazing System” may be left checked since THERM will
not calculate Condensation resistance for a cross section Type tagged Vertical Meeting Rail or Jamb.
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22. Special Cases 22.9 Site Built fenestration products
(Curtain Walls, Window Walls and Sloped Glazing)

Modeling the Intermediate Horizontal (as Head and Sill):

The horizontal frame cross section is drawn in exactly the same way as the intermediate vertical frame cross
section, including inserting the midpoint. For this example the horizontal and vertical frames are identical so
the same drawing is used. Assign boundary conditions in the usual way and then assign new boundary
condition U-Factor Surface tags as follows for the head and sill.

For the Head:
* Use the drawing for the intermediate horizontal.
* In Therm File Properties (File/Properties), set the Cross Section Type to “Head”.
=  Assign the Boundary Conditions as follows:
* Interior Frame:

= For the interior frame from the midpoint to the bottom sightline, set the Boundary
Condition to “<frame type> Interior (Convection Only), and the U-factor Surface tag to
“Frame”.

=  For the interior frame from midpoint to the fop sightline, set the Boundary Condition to
“<frame type> Interior (Convection Only), and the U-factor Surface tag to “None”.

* Interior Glazing: Set the Boundary Conditions for each glazing system of the bottom of the glass to
“<glazing system> U-factor Inside Film” and the U-factor Surface tag to “Edge” for the first 63.5 mm
(2.5 inches) from the sightline, and “None” for the remainder of the glazing system.

=  Exterior Frame:

*  For the exterior frame from the midpoint to the botfom sightline, set the
BoundaryCondition to “NFRC 100-2010 Exterior” and the U-factor Surface tag to
“SHGC Exterior”.

*  For the exterior frame from the midpoint to the top sightline, set the BoundaryCondition
to “NFRC 100-2010 Exterior” and the U-factor Surface tag to “None”.

*  Exterior Glazing: Set the BoundaryCondition to “NFRC 100-2010 Exterior” and the U-factor Surface
tag to “None” for both exterior glazing systems.
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22.9 Site Built fenestration products
(Curtain Walls, Window Walls and Sloped Glazing)

22. Special Cases

BC = <glazing system> U-factor Inside Film

n Model = AutoEnclosure
tag = None

Head
Exterior Interior
> — ¢
150 mm
(6.0 inches)
Radiatio
BC = NFRC 100-2010 Exterior | T U-factor
Radiation Model = Blackbody 63.5 mm
U-factor tag = None (2.5 inches)
[

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-factor tag = SHGC Exterior

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor tag = None

“—

BC = Interior <frame type> (Convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

Radiation

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-factor tag = None

BC = <glazing system> U-factor Inside Film

Model = AutoEnclosure

U-factor tag = Edge

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

v

Figure 22-96. Head Boundary Conditions
(head_boundary.thm)
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22. Special Cases 22.9 Site Built fenestration products
(Curtain Walls, Window Walls and Sloped Glazing)

For the Sill:
*  Use the drawing for the intermediate horizontal.
* In Therm File Properties (File/Properties), set the Cross Section Type to “Sill”.
=  Assign the Boundary Conditions as follows:
* Interior Frame:

=  For the interior frame from the midpoint to the top sightline, set the Boundary Condition
to “<frame type> Interior (Convection Only), and the U-factor Surface tag to “Frame”.

*  For the interior frame from midpoint to the bottom sightline, set the Boundary Condition
to “<frame type> Interior (Convection Only), and the U-factor Surface tag to “None”.

* Interior Glazing: Set the Boundary Conditions for each glazing system of the top of the glass to
“<glazing system> U-factor Inside Film” and the U-factor Surface tag to “Edge” for the first 63.5 mm
(2.5 inches) from the sightline, and “None” for the remainder of the glazing system.

=  Exterior Frame:

*  For the exterior frame from the midpoint to the top sightline, set the BoundaryCondition
to “NFRC 100-2010 Exterior” and the U-factor Surface tag to “SHGC Exterior”.

* For the exterior frame from the midpoint to the bottom sightline, set the
BoundaryCondition to “NFRC 100-2010 Exterior” and the U-factor Surface tag to
“None”.

*  Exterior Glazing: Set the BoundaryCondition to “NFRC 100-2010 Exterior” and the U-factor Surface
tag to “None” for both exterior glazing systems.
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22.9 Site Built fenestration products

(Curtain Walls, Window Walls and Sloped Glazing) 22. Special Cases
Sill
Exterior Interior
> 4 <

150 mm . . .

(6.0 inches) BC = <g|azmg system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody 4 <
U-factor tag = None [ - |

63.5 mm BC = <glazing system> U-factor Inside Film

(2.5 inches) Radiation Model = AutoEnclosure
U-factor tag = Edge
|

BC = NFRC 100-2010 Exterior / BC = Interior <frame type> (Convection only)

Radiation Model = Blackbody
U-factor tag = SHGC Exterior

[ Radiation Model = AutoEnclosure
U-factor tag = Frame

—]

BC = Interior <frame type> (Convection only)
q Radiation Model = AutoEnclosure
U-factor tag = None

v

J
BC = NFRC 100-2010 Exterior
Radiation Model = Black
U?fda:::g;rjca cidl\e;one ackbody BC = <glazing system> U-factor Inside Film
g= ¥  Radiation Model = AutoEnclosure
U-factor tag = None
> 0 €

Figure 22-97. Sill Boundary conditions ( sill_boundary.thm)

It is a good idea at this point to verify the orientation and the direction of the gravity arrows of these sections.
In WINDOW:

Calculate these files and import into WINDOW. Use the files to create the whole product in the Window
Library as applicable.
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22. Special Cases 22.10 Garage / Rolling Doors

22.10 Garage / Rolling Doors

Garage doors and rolling doors are modeled differently than window products because there are more
opaque sections to be modeled in THERM.

As with all other product modeling, all relevant cross sections must be modeled in THERM. Detailed
illustrations of sections, elevations and model details, as well as the area-weighting methodology for
calculating the whole product properties (based on THERM results from of each cross section) are defined in
NFRC 100. The information in this manual covers the specific modeling procedures for the THERM cross-
sections.

NFRC has defined nine regions within a door that need to be modeled. These regions include:
* Frame Area
* Lite Frame Area
*= Divider area
* Edge-of-divider area
= Edge-of-Lite Area
* Center-of-lite area
* Door Core Area
* Panel Area
= Edge-of-Panel Area
NFRC 100 contains several figures which illustrate the location of the door sections to be modeled in THERM.
When modeling glazing options with caming, the NFRC default caming can be used.

A spreadsheet must be used to do the door area-weighting from the THERM files, because the current version
of WINDOW does not area-weight doors. In THERM, the U-factor Surface Tags can have any name and as
many U-factor Surface Tags can be defined as are needed to accurately describe the model.

22.10.1. Sectional Garage Door (Insulated and Non-Insulated)

The overall product U-factor is calculated based on the area weighted average of the U-factor of each
component of the door. The components used for area weighting a sectional garage door are:

* Top Rail

= Bottom Rail

= End Stile

*  Meeting Rail

= Door Panel Core
* [Edge-of-Lite

= Center-of-Lite

The U-factor of each component is calculated using two dimensional heat transfer software THERM. The
sectional garage doors with embossed or raised panels are not covered in this section. However, refer to the
entry door section for the principles of modeling embossed or raised panels which can then be applied to
sectional doors.
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22.10 Garage / Rolling Doors 22. Special Cases

The boundary condition details and other modeling assumptions used on the simulation models for door
components are discussed in the following sections.
22.10.1.1. Top Rail Model

A nominal 2 x 4 wood block is used in the Top Rail Model as shown in the figure below. The torsion spring
assembly, and any non-continuous hardware, shall not be included in this model. The boundary condition
(BC) type and U-factor tags used in the model are illustrated in the figure below.

THERM File Properties:
= Cross Section Type: Head

=  Gravity Arrow: Down

BC=Adiabatic

l U-factor tag = None l/

BC= Interior <frame type> (convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

Model the greater of
63.5 mm (2.5”) or into
~ 25.4mm (1”) of core
material consistency,
from top edge of wood
framing member

BC=NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior

A

v

BC=Adiabatic
U-factor tag = None

Figure 22-98. Top Rail Model.
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22. Special Cases

22.10 Garage / Rolling Doors

22.10.1.2. Bottom Rail Model

A nominal 2 x 6 wood block is used in the bottom rail model of the garage door. Refer to the figure below for
the boundary conditions and U-factor tag tags.

THERM File Properties:
= Cross-section Type: Sill

=  Gravity Arrow: Down

BC=NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior

Height of weatherstrip

BC=Adiabatic

BC=Adiabatic
U-factor tag = None

A

BC= Interior <frame type> (convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

«— Model the greater of 63.5 mm
(2.5”) or 25.4 mm (1”) of core
material consistency, from
bottom edge of wood framing
member.

U-factor tag = None

Figure 22-99. Bottom Rail Model.
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22.10 Garage / Rolling Doors 22. Special Cases

22.10.1.3. End Stile Model

A nominal 2 x 4 wood block is used in the End Stile Model. The projected frame dimension shall incorporate a
1” uniform section of the garage door panel. Any non-continuous hardware, such as rollers, shall not be
included in the model. The boundary condition type and the U-factor tag used on the End Stile model are
shown in the figure below.

THERM File Properties:
= Cross-section Type: Jamb
= Gravity Arrow: Into the Screen

BC=Adiabatic
U-factor ta£|{ = None

| S

»

BC= Interior <frame type> (convection only)
Radiation Model = AutoEnclosure

BC=NFRC 100-2010 Exterior U-factor tag = Frame

U-factor tag = SHGC Exterior
< Model the greater of
63.5 mm (2.5”), or into
25.4 mm (1”) of core
material consistency,
from outside edge of
wood framing member

>

| BC=Adiabatic T\

U-factor tag = None

Figure 22-100. End Stile Model.
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22. Special Cases 22.10 Garage / Rolling Doors

22.10.1.4. Meeting Rail / Door Panel Core Model

The Meeting Rail Model is combined with the Door Panel Core Model, as shown in the figure on the
following page. The meeting rail model shall include 63.5 mm (2.5”) section of the each joining panel. The
projected dimension of the panel core section shall be equal to:

([Height of the Panel]-5") / 2
THERM File Properties:
= Cross-section Type: Horizontal Meeting Rail

»  Gravity Arrow: Down
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22.10 Garage / Rolling Doors

22. Special Cases

BC=Adiabatic
U-factor tag = None

R

b

BC=NFRC 100-2010 Exterior
U-factor tag = SHGC Exterior

B
»

BC= Interior <frame type> (convection only)
Radiation Model = AutoEnclosure
U-factor tag = Core

A

BC= Interior <frame type> (convection only)
Radiation Model = AutoEnclosure

> U-factor tag = Frame
\ Model the greater of 63.5
mm (2.5”), or into 25.4
/ mm (1”) of core material
\ consistency, from the
meeting point of the
panels

A

BC= Interior <frame type> (convection only)
Radiation Model = AutoEnclosure
U-factor tag = Core

" f

BC=Adiabatic
U-factor tag = None

Figure 22-101. Meeting Rail and Door Panel Core Model.
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22. Special Cases 22.10 Garage / Rolling Doors

22.10.1.5. Edge-of-Lite Model

The procedure for modeling edge-of-lite (edge-of-glazing) properties is the same procedure as for entry
doors. See the entry door procedure in this manual for detailed instructions for modeling these cross-sections.

Below is a sample THERM cross section for the Door Lite Sill.

BC = Adiabatic
U-Factor Surface tag = None

I
BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-Factor Surface tag = None
Modeling Assumptions:
= Cross Section = Sill
= Gravity Arrow = Down
§—
BC = <glazing system> U-factor Inside Film
BC = NFRC 100-2010 Exterior Radiation Model = AutoEnclosure
Radiation Model = Blackbody U-Factor Surface tag = Edge
U-Factor Surface tag = None

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

BC = Interior <frame type> (convection only)
Radiation Model = AutoEnclosure
U-Factor Surface tag = Frame

—
A

*

I
BC = Adiabatic
U-Factor Surface tag = None

Figure 22-102. Edge-of-Lite model for the garage door lite.
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22.10 Garage / Rolling Doors 22. Special Cases

22.10.2. Rolling Door

The overall product U-factor is calculated based on area weighted average of various component’s U-factor.
The components used for area weighting a rolling door are:

* TopRail
* Bottom Rail
= End Stile
*  Door Core
The U-factor of each component is calculated using two dimensional heat transfer software THERM.

The boundary condition details and other modeling assumptions used on the simulation models for door
components are discussed in the following sections.
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22. Special Cases 22.10 Garage / Rolling Doors

22.10.2.1. Top Rail Model

A nominal 2 x 4 wood block is used in the Top Rail Model as shown in the figure below. The torsion spring
assembly, and any non-continuous hardware, shall not be included in this model. The boundary conditions
(BC) and U-factor tags used in the model are described in the figure below.

THERM File Properties:
= Cross-section Type: Head

=  Gravity Arrow: Down

BC = Adiabatic

| U-Factor Surface tag = None
—>

BC =Interior <frame type> (convection only)
Radiation Model = Blackbody
U-Factor Surface tag = Frame

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

[ &
> <«

T

BC = Adiabatic
U-Factor Surface tag = None

Figure 22-103. Top Rail Model for Rolling Door
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22.10 Garage / Rolling Doors 22. Special Cases

22.10.2.2. Bottom Rail Model

A nominal 2 x 6 wood block is used in the bottom rail model of the rolling door. The figure below illustrates
the boundary conditions and U-factor tags.

THERM File Properties:
= Cross-section Type: Sill
=  Gravity Arrow: Down

BC = Adiabatic
U-Factor Surface tag = None

K3

BC = NFRC 100-2010 Exterior

Radiation Model = Blackbody

U-Factor Surface tag = SHGC Exterior BC =Interior <frame type> (convection only)
Radiation Model = Blackbody

U-Factor Surface tag = Frame

—

T— BC = Adiabatic T

U-Factor Surface tag = None

Figure 22-104. Bottom Rail Model for Rolling Door
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22. Special Cases 22.10 Garage / Rolling Doors

22.10.2.3. End Stile Model

A nominal 2 x 4 wood block is used in the Stile Model. The boundary condition type and the U-factor tag
used on Stile model are shown in the figure below

THERM File Properties:
= Cross-section Type: Jamb
=  Gravity Arrow: Into the Screen

BC = Adiabatic
U-Factor Surface tag = None

k!

»r 4¢—

Model the greater of 63.5
mm (2.5”), orinto 25.4
mm (1”) of core material
consistency, from outside
edge of wood framing
member.

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

BC =Interior <frame type> (convection only)
Radiation Model = Blackbody
U-Factor Surface tag = Frame

T— BC = Adiabatic A—

U-Factor Surface tag = None

Figure 22-105. End Stile Model for Rolling Door
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22.10 Garage / Rolling Doors 22. Special Cases

22.10.2.4. Door Core Model

The Door Core Model shall include two full slats and two half slats at each end. The details of the section
where slats join shall be obtained from the manufacturer. The boundary conditions on door core model are
specified in the figure below.

THERM File Properties:
* Cross-section Type: Horizontal Meeting Rail

»  Gravity Arrow: Down
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22. Special Cases 22.10 Garage / Rolling Doors

BC = Adiabatic
U-Factor Surface tag = None

|

» = <&
Ll 1

BC = NFRC 100-2010 Exterior
Radiation Model = Blackbody
U-Factor Surface tag = SHGC Exterior

BC =Interior <frame type> (convection only)
Radiation Model = Blackbody
U-Factor Surface tag = Core

&

[
L]

T

BC = Adiabatic
U-Factor Surface tag = None

Figure 22-106. Door Core Model for Rolling Door
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22.11. Creating a Laminate in Optics for NFRC 22. Special Cases

22.11. Creating a Laminate in Optics for NFRC

22.11.1. Overview

Optics can be used for the limited purpose of constructing laminates for NFRC certified simulations using the
following criteria:

Laminates cannot have embedded coatings, where embedded coatings are defined as a coating on a
substrate that touches an interlayer

Only NFRC glass layers with the NFRC approval indicator “#” can be used in these constructed
laminates

The glass layers can be tinted or coated as long as the coatings do not face the interlayer

The interlayers in Optics do not have a “#” on them and therefore, only interlayers from the
LBNL/NFRC “Approved Interlayer” list can be used (updated by LBNL with every IGDB release
and available on the WINDOW Knowledge Base website), which means the data for those interlayers
was submitted to the IGDB using the criteria specified in Section 1.2 of this document.

For NFRC verification of the laminate construction submitted by simulators:

Laminates constructed by simulators in Optics will not have a # next to them. The simulator shall
provide base properties for the complete laminate assembly, including solar transmittance (solar, T),
visible transmittance (photopic, T), solar reflectance front (solar, Rf), solar reflectance back (solar, Rb),
visible reflectance front (photopic, Rf), visible reflectance back (photopic, Rb), Emissivity front
(EmitF), Emissivity back (EmitB). These values are reported on the Optics screen when the laminate is
calculated, and also in the WINDOW Detailed Report from the Glazing System Library. This
requirement is satisfied by submitting a WINDOW “mdb” database file which includes this laminate.

AnTA (or anyone else wanting to check the results) can recreate the laminate from the specified
layers and verify the calculated values

NFRC simulators shall assign numbers to the laminates starting with 30,000. The numbers do not
have to be unique between simulation laboratories or even between projects in the same laboratory.
These laminates are not stored in a central NFRC database.

The naming convention for the laminate should describe the layers used to construct the laminate,
using the IGDB Layer ID for glass layers and the interlayer name (from the Optics program) for the
interlayer. If a glass layer is flipped, add the “F” designator to the end of the layer number. The total
number of characters (not including extension, but including “/” separators in the name) cannot
exceed 45.

<glass layer ID><F if layer is flipped>/<interlayer name from Optics>/<glass layer ID><F if layer is
flipped>

For example:

102/030keepsafe/2026F
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22. Special Cases 22.11. Creating a Laminate in Optics for NFRC

22.11.2. Laminate Interlayer Data

Optics can accurately calculate the optical properties of laminates as long as the component layers with the
following characteristics (the records matching these characteristics can be found on the windows.lbl.gov
website in the WINDOW Knowledge Base under the NFRC section):

* Interlayers are measured with transparent glass with a solar transmittance Tsol > 0.820 and Tvis >
0.890. This ensures that a “constructed” laminate in Optics will always have a similar or lower
transmittance than the reference laminate which determines the interlayer properties

* No glass layers have coatings next to interlayers (embedded coatings).

=  Substrate layers (the base glass to which the interlayers are applied) are measured separately from
the interlayers. This is the responsibility of the manufacturer submitting data to the IGDB, as
discussed below.

As discussed in the LBNL document which contains guidelines for submitting data to the IGDB, “an
interlayer is an adhesive layer used to join components in a laminate. The optical properties of laminate
layers cannot be measured directly. Instead they are calculated from the spectral properties of a ‘reference
laminate” which consists of the interlayer laminated between two glass layers of known optical properties. To
submit data for an interlayer, both the spectral optical properties of the reference laminate, and the glass
layers used in the reference laminate should be submitted.”

This means that in order for an interlayer to be added to the Optics “Interlayer” type, and therefore used in
making laminate constructions in Optics, the spectral data for a “reference” laminate which contains that
interlayer is submitted to the IGDB as follows:

Reference laminate — o —— I

substrate layers —— %
> Interlayer
Interlayer + Optics
algorithms
Spectral data is Spectral data is With these two sets of data, The interlayer
measured for a measured for the Optics can “back out” the appears in Optics
laminate construction clear glass used as optical properties of the as an “Interlayer”
made up of the the substrate interlayer. That interlayer type and can be
interlayer sandwiched layers in the then appears as a record in used to make
between two identical previous laminate the “Interlayer” type in other laminates.
pieces of clear glass measurement Optics, and can be used as an
(the substrate layers) interlayer in other laminates

“constructed” in Optics

Figure 22-107. How Optics “deconstructs” measured data to obtain interlayer information.

Optics can do an accurate calculation for the interlayer properties from the reference laminate as long as the
substrate glass layers have a high solar and visible transmittance, hence the requirement of Tsol > 0.820 and
Tvis > 0.890. This ensures that laminates that are later created in Optics with this interlayer will almost
always have a lower solar and visible transmittance then the reference laminate.
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22.11. Creating a Laminate in Optics for NFRC 22. Special Cases

22.11.3. Constructing a Laminate in Optics

22.11.3.1. Building a New Laminate

When Optics starts, you can start building a laminate immediately by switching to the “‘Laminate” tab and
adding layers (see “22.11.3.3. Add Layers to a Laminate”).

Glazing System

Layer:

Filename | | |

Figure 22-108. Click on the Laminate tab to start constructing a laminate.

If you have created a laminate already, but want to start over with an empty laminate:

* Make sure the ‘Laminate” tab is selected

»  Choose menu option File|New Laminate

*  You will be prompted to save the current laminate if one already exists
Note: if you created new layers and did not save the layers or did not save the laminate (which would save
any new layers), the new layers will be lost when you start a new laminate

22.11.3.2. Wavelength Sets

Use the NFRC default wavelength set, which is called “Optics”. This setting is shown on startup of the
program, and also can be viewed (and changed if necessary) from the menu option Tools|Select Wavelength
Set.

22.11.3.3. Add Layers to a Laminate

You can add monolithic, coated, and interlayer type layers to a laminate. There are a number of ‘rules’ for
building laminates:

1. The first and last layer in a laminate must be a non-interlayer type (e.g. monolithic or coated)

2. You can place as many interlayers as you like adjacent to each other, but you must separate rigid
non-interlayers with at least one interlayer.

3. For NFRC certified simulations, you can NOT place a coating next to an interlayer.
If you break rule 1 or 2, the operation will be cancelled.

Use the “Add Interlayer’ tab above the database to add interlayers. To add other layers, use the “Add Glazing’
tab. Only those database records with enough data to be loaded into a laminate will be shown in these views
- if you want to see all records in the database, including those which cannot be used in laminates, use the
“View All tab. If you try to load an invalid layer into a laminate from the “View All’ view of the database, an
error message will be displayed.
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22. Special Cases 22.11. Creating a Laminate in Optics for NFRC

22.11.3.4. Add Glazings to a Laminate

You can add monolithic, coated, and interlayer type layers to a laminate as long as you follow the laminate-
building ‘rules’ (see “22.11.3.3. Add Layers to a Laminate” above).

To add layers from the current database to a laminate:

*  Select the first available (unoccupied) layer in the laminate by clicking on its layer button - if you
select an occupied layer, it will be replaced (see “22.11.3.8. Replace a Layer in a Laminate”)

Click on the “Layer Glazing System ;|
button”, in this case e | |
#1, of an unoccupied
layer

Filetarme

zolar, T

|

|

zolar, Rf |
zolar, Rb |
photopic, T |
|

|

|

|

phatopic, Ri

photopic, Rb
EmitF
Emite

I
Figure 22-109. Click on the #1 layer button to add the first glass layer.

* Select the “‘Add glazing’ tab in the database

Add Glazing l Add Interlayer ] #Add Embedded Coating ] Edit Laminate l Yiew All ] Schematic l

honolithic: BROMIE_EDAT |Generic Bronze ... |6 mm 114 5.7404 | Generic 101 #
onolithic: CLEAR_EDAT Generic Clear Gl... |6 mm 154" 5.715|Generic 103 #
onolithic: GRAY _IDAT Generic Grey Gl |3 mm doukle - 158" 31242 |Generic 104 #
honolithic: BROMZE_3DAT  |[Generic Bronze ... |3 mm doukle - 18" 31242 | Generic 100 #

Figure 22-110. Select the glass layer from the Add Glazing tab.

*  Double-click on the layer in the database
or

* Using the mouse, drag the layer from the database over the layer button where you want to add the
layer and release the mouse button
or

=  Select the layer in the database, then choose the menu option Database|Add/Replace Layer
or

»  Select the layer in the database, then right-click to display the pop-up menu then choose Add/Replace
Layer

If you are replacing a layer, a dialog box will appear to confirm that you want to replace the existing layer.

Note: Select a layer in the database by clicking on it with the mouse, or by browsing to it by pressing the up
and down arrow.
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22.11. Creating a Laminate in Optics for NFRC 22. Special Cases

22.11.3.5. Add Interlayers
To add an interlayer to a laminate:
= Select the first available (unoccupied) layer by clicking on a layer button
= Select the “Add Interlayer” tab
*  Select the interlayer you want to add, and load it into the laminate (see “22.11.3.3. Add Layers to a

Laminate”)

Select the desired interlayer for the laminate
Click on the Add construction, double click the mouse, and that interlayer

Select the Layer Interlayer tab. will be added as the next layer in the laminate

Button for the

Interlayer l

I
Glazing System Laminate | J | | Add Glazing  Add Interlayer ].n.dd Embedded Caating | Edt Lbminate | view &l | schematic
Layer: il | #2 | | Lamin. |
Fileriame |ELEAH | | ||:a|C|-a Froduct name hlanufacturar Nominal {mil)| Code Appearence haterial Referance
sola. T Jogzd | | [N |Butacte@NCHMD |DuPort 15 Clesr PvB 15PYEG DUP
solar. Bf 0075 | | N4 |Butacte®NCMD |DuPont 0 Clesr PVE 30PVEE.DUP
solar. Bb [no7s | | [N Eutacite® NCIMD |DuPont B0 Clear PVE BOPYEE DUP
photopic. T [npag | | Wi |Butacte®0857... [DuPont 30|0637600 W |Blue PV AZURBLUE DUF
photapic, Rf [goa3 | [ W
photopic. Rb o pga | [ [Mia |Butacte®0360... [DuPort 30(0360900  |Dark Brown PV BRMN_DARK DUF
Emitf [ng4n | | [Mit  |Butacie®0365.. |DuPont 30(0365500  |Light Brown PV BRM_LITE DUF
ErmnitB |D_g4g | | N/ Butacite® 0352... |DuPont 3010362800 tedium Brown  IPVE BRM MEDM DUP

The selected Interlayer has been added
as then 2M |ayer in the laminate
construction

lazing System  Laminate | | Add Glazing  Add Interlayer | add Embedded Coating | Edit Laminate | view all | Schematic |
Layer: # | #2 | #3 | Lamin. |
Filename |CIEAR [BLUGR | [Calcla  |productname | Manufacturer Nominal (mil)] Code Appearence Material Referance
solar T Joga4 0859 | [ Butacite® NCO10 |DuPart 15 Clear PvE 15PVB6.DUP
slar. Bf [0075  [oooo | [N [Butacte®NCO1D [DuPant 30 Clear FvE 30PVEG.DUP
selar, b [0075  [o.000 | M, Butscite® NCOT0 |DuPont &0 Cleat PvE B0PYEE.DUP
photopic. T 0893 [o&34 | [Nz |Butacie® 0837... |DuPart 30|0637600  [Blue PvE 4ZIRBLUE DUP
photopic, RE [0og3  [oood | [oa
photopic, Rb - [0og3  [oooo | [Nz |Butacite®0380... |DuPort 30|0360900 Drark Brown PyE BRM_DARK DUP
Emif [0g40 [0000 | [N/ |Butacie®0365.. |DuPort 30|0365500  [Light Browen PYE BIRN_LITE DUP
EmitE |nga0  |ooon | N Butacite® 0362... [DuPort 3010362800 Medium Brown  [PYE BRM WEDK DR

Figure 22-111. Select the desired interlayer from the Add Interlayer tab for layer #2.

22.11.3.6. Flip Layers in a Laminate
To flip layers in a laminate:
*  Select the layer to flip by clicking a layer button

= Choose the menu option Edit|Flip Layer
or

* Right-click on the layer button to display the pop-up menu and select Flip Layer
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= If flipping the layer would place a coating adjacent to an interlayer, and this will break the laminate-
building rules (see “22.11.3.3. Add Layers to a Laminate”) and the laminate cannot be constructed for
NFRC certification.

Note: Check the schematic view and the layer spectral averages if you are not sure which way a layer is
oriented.

If any glass layers are flipped, make sure to add an “F” to the NFRC ID in the name of the final laminate.

22.11.3.7. View the Properties of a Laminate
To view the calculated spectral data, spectral averages and other properties of a laminate:
=  Select the laminate by clicking on the ‘Lamin.” layer button

* The laminate is now the current layer, so its spectral data and spectral averages are displayed in the
lower part of the screen

Click on the Lamin. Button and Optics will calculate and display the calculated properties of
the laminate construction in the column below that button.

File Edit Database View Tools Graph Help

D& 2| A3 00 [Main petabasd c0e) ]

Glazing System  Laminate . -+ &dd Glazing ] &dd Intetlayer | Add Embedded Coating ] Edit Laminate ] Yigw Al Schematic ]Warnings! ] |
Layer: bl | #2 | #3 | iLamin. | < Outside Inside -»
Filename [CLEAR [BLUGR |Optiw3) |[Calcla

sola, T [ng3d4 o859 [0904  |[o70z
solar. BF Joo7s  joooo  [0081  |[oose
solar, Bb Jo075  [oooo  [o.os1 0.067
photopic. T Jogaa  [0834 |09z |[ovar
photopic. RE 0oz fonooo  |0.08s  |[oo7 20mm - -
photopic, Ab [00e3  [oooo [o.08s  [[marr ' ' '
EmitF [ng40 o000 [0840  |[ogdn - --- Coating / Applied Film
EmiE |0&40 o000 [0.840  |[osan
(] calcLamusr B ys_nrrc_2003 B 16DE version 14.3
Spectral Properties:
Filenamme: ’m CaleLam usr
solar, T |0.703
solar, Rf [0.066 L
solar, b |0.067 0.0 4
phatopic, T |0.747
photopic, R |0.071 e T
phatopic, Ab 0.071 0.40 +
EmitF |0-840
Emitg 0840 pt T
0.00 = i
0.00 2.50
Wigvelength (microns)
Tramsrnissian —Feﬁectance Framt Refectance back

I
When the Lamin. Button above is selected, the graph below displays the
properties of the entire laminate construction.

Figure 22-112. Click on the Lamin button to view the optical properties of the entire laminate structure.

* To view a schematic diagram of the laminate, select the ‘Schematic’” tab in the upper right part of the
screen
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= To view the spectral data in a table, choose menu option View|Spectral Data Grid.

* To view calculation warnings for the laminate data, select the “"Warnings’ tab in the upper right part
of the screen

* To see more information about the laminate, choose menu option View|View Details

22.11.3.8. Replace a Layer in a Laminate

Replace a layer in a laminate in the same way as you would replace a layer in a glazing system - you must
respect the laminate-building rules (see “22.11.3.3. Add Layers to a Laminate”).

You cannot insert layers into a laminate - you must delete and add layers from the interior side of the
laminate to modify the structure.
22.11.3.9. Delete a Layer in a Laminate
You can only delete the last (interior side) layer in a laminate. To delete the last layer:
* Select the last layer by clicking the layer button

= Choose the menu option Edit|Delete Layer
or

= Right-click on the layer button to display the pop-up menu and select Delete Layer

22.11.3.10. Save a Laminate
To save a laminate to the user database:
*  Select the laminate by clicking on the ‘Lamin.” layer button

= (lick the ‘Save’ button on the toolbar:
or

= Choose the menu option File|Save filename
or

* Right-click the layer button to display the pop-up menu and select Save filename

Note: To save the laminate under a different name, choose the menu item Save As...

22.11.3.11. Edit a Laminate
To edit a laminate saved in the user database:
* Make sure the ‘Laminate’ tab is selected above the layer buttons

*  Select the ‘Edit Laminate” tab in the upper right part of the screen
or

»  Choose the menu option File|Edit Laminate

* Load the laminate you wish to edit like you would add a layer into any layer position - the current
laminate will be cleared, and the saved laminate loaded.

Note: You cannot edit laminates in ‘Glazing” mode, you must switch to ‘Laminate” mode first. In order to use
the edited laminate in a glazing system, save the laminate to the user database, switch to ‘Glazing’ mode and
re-load the laminate layer into the glazing system from the user database.

Note: You cannot use a laminate as a component of another laminate
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22.11.3.12. Calculation Warnings for Laminates

The optical properties of most laminates without coatings can be calculated without generating warnings,
except that it is likely that some components will not have spectral data across the whole range of the selected
wavelength set (see “22.11.3.2. Wavelength Sets”), so the wavelength set will be truncated.

22.11.3.13. Viewing Calculation Warnings for Laminates

To view calculation warnings for a laminate:
= Select the laminate by clicking on the ‘Lamin.” layer button
=  Select the “Warnings’ tab

The example below shows a warning message that says:
= Results could not be calculated at all wavelengths in the selected wavelength set. Wavelength set
truncated to: 0.300 — 2.500 um

This message does not indicate a problem because the solar optical properties in WINDOW are calculated
between 0.300 and 2.500 um.

i

File Edit Database %iew Tools @raph Help

Dlﬁlnl ?ldlglﬁlﬁl IMain Dakabase (1GDE) j

Glazing System Laminate | - I > I Add Glazing I add Interlayerl &dd Erbedded Coating | Edit Laminatel Wigwn All | Schematic  Warnings! |

Lager 81 | w2 | w3 ||l
Filename [CIEAR [BLUGR |Optiw3.|
TW.T [o715 oo  [08e9
SPE.T 10885 [139.846 [2512
TOW. T |pg42 |oB26 [0.897

EmitF |0s40 [0.000  [0.840
EmitE Jogdn [o000  [0.840

(] CalcLamusr | £2] @ e wrre_2003 | B 1608 version 145

Wl {pm} | Warning Description

102/Bluegreen. dup/9811,usr - Laminate

A Results could not be calculated at all wavelengths in the selected wavelength set,

Wavelength sek truncated to: 0,300 - 2,500 um

Figure 22-113. An example of a warning that is not relevant for the calculations WINDOW will be doing with the laminate.

22.11.3.14. Save the Laminate to a User Database to Import into WINDOWS5

User databases have the same format as the IGDB, but they are used to store data that the user has imported,
or generated with Optics. It is not possible to add layers to the IGDB, so all new layers are saved to the user
database.

The default user database is UserGlazing.mdb in the \LBNL Shared directory of your program installation.
You can specify the location of the user database - this allows you to use as many user databases as you like
(one at a time) with Optics.

To create a new (empty) user database:

= (Click on the Database menu, and select the choice “Create new user database”.
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e

Wiew

Tools @raph  Help

Chr+F

Figure 22-114. Use the Database/Create new user database option to create a blank user database.

The program will ask you for a database name and location. Name the database as appropriate and
put it in whatever directory is desired - the default directory for the default Optics User Database
(called UserGlazing.mdb) is the “C:\ Users\ Public\LBNL\LBNL Shared” directory, but any user
database can be put in any directory, as long as the path is specified (Tools menu,

Save new user database as...

Savein: |3 LBNL Shared

x| & ® ek E

ﬁ (itterice
A (L) Standard

MyRecent  |[5vVersion 14.2 Final
Documents () Version 14,3 Final
@ [T Version 14,3 For testing
(L) Version 14.4 For testing
Desktop

(L2 vwesion 14,5 For checking
Copv of IGDE Update.mdb
Empty UserGlazing.mdb
GIazing-l‘I-.D.mdb

] Glazing-14.2.mdh

()] Glazing-14.3.mdb

(] Glazing-14.4.mdb
Glazing-14.5.mdb

£

My Documents

3

My Computer

[ 160E Update-14-4.mdb
Z160E Update-14.3.mdh
[#160E Update-14.5.mdb
E160E Update.mdb
UserGIazing.mdb
&]ws5-1eD814, 3Update.mdb

|H obinDpticzD atabse. mdb

[

2] Glazing. mdb
by Hetwork, File harne:
Places
Save as ype:

|User databasze [*.mdb)

=]

Save |
Cancel

Figure 22-115. Specify the name of the new user database as well as the location where it will be stored.
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*  Set the default user database to the newly created database from Tool/Options

ﬁ'; File locations

Database locations / Default folders ] Other oreferences |

Main database (IGDE) |'ub|ic\LBNL\LENL Shared\Glazingmdf <.

Uzer databasze |;\LENL\LENL SharedsUzerGlazing. mdb .
Default 170 folder: |c:'\temp\ cae
Standards / : [«BEMLENLALBNL Shared\Standards, - ..

W' avelengthzets folder:

Ok | Cancel | Apply |

Figure 22-116. Define the location for the User Database from the Tool/Options menu, setting the “User database” field

You can save a layer to the user database if it has a different filename to any layer currently in the user
database or in the IGDB. If you save a layer that has components (such as a coated layer that has a substrate,
or a laminate which has component layers), the component layers will be saved to the user database at the
same time (unless they already exist in the IGDB or user database). This allows you to load and edit those
layers at a later time.

If you want to save an unmodified layer from the IGDB to the user database, you must change its filename
first.

To save a layer to the user database:
*  Select the layer or system to save by clicking on a layer button

= (lick the ‘Save’ button on the toolbar:
or

= Choose menu option File|Save filename
or

» Right-click to display the pop-up menu and select the option Save filename

* If the layer or system you saved had components, or if the save operation fails, you will be asked ‘Do
you want to view the details of the save operation?’. If you answer yes, you can view information
about components that were saved to the user database, and components that were not saved to the
user database along with an explanation of why some components were not saved.

Note: to change the filename and save in one operation, choose menu option Save As.. instead.

Note: You cannot save data for a layer with the same filename as another layer in the IGDB or your current
user database. If a conflict is detected, Optics will ask you to rename the layer before saving it, or cancel the
import. The most common reason a component is not saved is that its filename already exists in the IGDB or
user database. In this case Optics assumes that the component layer information is already available and
does not need to be saved again.
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Glazing System Laminate| 4= | - I Select the Lamin

Layer: #1 | #2 | H3 | “4— putton to save the

Filename  [CLEAR_ [M5_827 [Optiwal [CalcLar entire Iaminate
solar. T f0g34  og3g  [0904 IU.?B? construction.

solsr R o076 [oooo  joost  ([Coes

solar b 0075 Joooo  foos1  |([Cces

photopic, T fog9a |07 [0.91

p Mew Laminate Chrl+n
photopic, Rb I I I
. Edit Larninake Chrl+0
EmitF |D.84EI |u.uun |D.84

1
photopic, Rf I_UEB I—UDU I—’ﬁa Edit Database Wiew Tools Graph Help Select the File /

Save As menu
option

EmitB [pedo [opon [ogd  Save Cacham ust Chrl+5

Export CalcLam,usr Text File. .. ChH+E

Export CalcLam,usr Radiance Filg...

Impork Text Filels), . Chrl+I
Prink Screen Chrl+P
Exit

Type the desired name for the new laminate. /
Optics will automatically add the “.usr”

Export CalcLam ust Warnings Fle... | i

Mew Filename [leave extenzion blank o uze default
extenzion]:

Cancel |

I‘I 025 ancevadquamnarine 3811 usr

extension
This new record will be automatically added to
the Optics User Database set in Tools/Options

Figure 22-117. Save the final laminate using the naming convention of<glass layer ID>/<interlayer name/><glass layer ID>.
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Glazing System  Laminate LIL‘
Layer: #1 #2 H3
Filename [CLEAR [ELUGR [Dptin3.l

TUW.T [o715 [oo3s  Joses
SPET [10855 [139.846

EmiB [0840 o000 |0.240
D 102/Bluegreen.dupfas1 1 Lsr

File Edit Datsbase ‘“jew Tools Graph Help

0 ||ul| 2| |28 foeorvtabace ]

The laminate construction (called in this case

Select User Database from the ClearLaminate.usr) as well as the Interlayer used in the
pulldown list to see the records in the laminate is saved in the User Database. The glass layers
User Database. on either side of the Interlayer are not saved in the

User Database because they are found in the IGDB

| Add Glazing | Add Interlayer | Add Embedded Coating | Edit Laminate: MSEWI warnings! |

=
@
=
=1

Type / i - pfinal (m...|Nominal (in) | Thickness  |Manufacturer [NFRC_ID  |Acceptance |Appearance
=] Irteriayer

[intertayer  [BLUGREEM.usr [Eutaciteg277 .. [ia [30 mi | o7eseonz]opticss  [30000 [ [
=] Laminate

[Laminste [102BIuegreen. dupiat 1 usr ‘K [paes [huia, [ 576 User [300m1 [ [
| 2l

B s _ere_2003 | B RobinopticsDatabase mb

Spectral Properties:

102/Bluegresn,dup/9211 usr

Filename: |102/Blusgre
TV, T [0.030
SPF.T [1599.164 Loo
TOw/, T |0.559 .80 4
,— 060
0,40
EmitF [0.840
Erith 0840 020 7
0.00

Wavelength (microns)

Transmission — Reflectance front  — Reflectance back

The name of the User Database is
displayed on this button

Figure 22-118. Select the User Database to see the constructed laminates (and the associated interlayers)
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22.11.3.15. Importing the Laminate into WINDOW from the Optics User Database

In WINDOW, in File/Preferences, go to the Optical Data tab, and set the second option, Optics User
Database, to your Optics user database (which by default is called UserGlazing.mdb, but it can have any

name with the "mdb" extension) -- you can browse to the file with the browse button (its default location is in
C:\ Users\ Public\LBNL\ LBNL Shared directory).

Options  Themal Calcs  Optical Calcs Radiance Deflection Updates
Use the following database for optical data:
() 1GDB or IGDB Update
CiUsershPublictLBNLA\LBML Shared\Glazingmdb  Browse
05 s
Jzers\Public'LBNL\LENL Shared\UserGlazingmdb  Browse

() 1GSDB {https://igsdb Jbl.gov)

Standards File

C:\Program Files (x86\LBML\LBNL shared‘\Standa  Browse

Fiqure 22-119. Using the File/Preferences menu, click on the radio button for the “Optics User database”
and use the Browse button to specify the file with the full directory path.

In WINDOWS, go to the Glass Library List View, click on the Import button, select "IGDB or Optics User
Database" as the format, and click OK.

Import *

Format IGDE or Optics User Database P

] Avoid creating duplicate records in export database by searching
for identical records

Figure 22-120. Import the data from the Optics User Database.

The program will open the user database set in the File/Preferences dialog box (the name will be displayed at
the top of the dialog box) and you will see the glass layers that can be imported in to the existing library.

B Ch\Users\Public\LENLA\LBML Shared\UserGlazing mdb
Cancel = Select Al Clearselection  Find D G records found.
NFRC_ID FileName ProductMame Manufacturer
0000  XHE7Fromsubmission EMMN LLumar XHETD Eastman Chemical Compz
30000  XHE7Do EMM LLumar XHETD Eastman Chemical Compz
S 10001 | dmmClear-LtGreen-ImmLowE180.usr

Figure 22-121. You will see all the entries in the specified user database.
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You can select the records you want to import (use Shift Click to select contiguous records, Ctl Click to select
multiple non-contiguous records, or Select All to select all records). Then click the Select button, which will
import the selected records into the Glass Library.

File Edit Libraries Record Tools View Help
& BElen: O#;@aAV% 2
Glass Library (C:\Users\Public\LBNL\WINDOWS. 1w 8 mdb)
Detailed View
Cale ID Name ProductName Manufacturer Source  |Mode|Color| Thickness | Tsol | Rsoll| Rsol2| Tvis | Rvis1|RvisZ| Tir | emisl | emisZ
New mm
29001 Dichroic CO Copper on 6mm.GIL Dichroic CO Copper on | Goldray Industrie IGDBv330 # 5913 0617 0355 0.341 0.711 0285 0233 0000 0787 0.838
o 28959 LichtTechLIMax_T8.FGS LightTech LI Max - Bmm FGS Glass ~ IGDBv33.0 7840 0320 0.488 0.567 0.786 0.085 0072 0000 0.843 0033
Delete 29000 Dichroic MG Gold on 6mm GIL Dichroic MG Gold on 6m Goldray Industrie IGDBv330 # 5819 0596 0378 0.365 0.295 0699 0638 0000 0.791 0.840
Find 29022 BmmOL170.WMG EmmDL170 Wangmei Industr IGDB v34.0 5920 0391 0255 0411 0688 0135 0.117 0.000 0844 0065
D ~ 29023 GmmDL180.WMG GmmDL180 Wangmei Industr IGDB v34.0 5950 0414 0261 0425 0.792 0.060 0.052 0000 0.845 0.049
29024 6mmIL188.WMG GmmiL188 Wangmei Industr IGDB v34.0 55920 0700 0.093 0.057 0.830 0.063 0.060 0.000 0844 0203
29050 038_PFAT_3CIrCCP WINLITE_Palyvinyl Buty Chang Chun Pet IGDE v38.0 5930 0.766 0.070 0.070 0.383 0.079 0079 0000 0840 0.840
Advanced... 29051 O76_PFBT_3CrCCP WINLITE_Polyvinyl Buty Chang Chun Petr IGDB v38.0 6350 0753 0.069 0.069 D821 0.079 0079 0000 0.840 0840
6490 records found 25052 114_PFET_3CIrCCP WINLITE_Palyvinyl Buty Chang Chun Pet IGDE v38.0 6750 0.744 0.069 0.069 0.882 0.079 0079 0000 0840 0.840
Import 29053 152_PFDT_3CrCCP WINLITE_Polyvinyl Buty Chang Chun Peti IGDB v33.0 7.110 0736 0.068 0.068 0.881 0.078 0.078 0.000 0.840 0.840
29100 Extra Clear pvb 0.38mm.gpp Extra Clear pvb 0.38mm Gutmann PVB Pl IGDEBv101.0 # 4136 0.807 0.075 0.075 0.895 0.084 0034 0000 0840 0.840
Export 29101 Extra Clear pvb 0.76mm.gpp Extra Clear pvb 0.76mm Gutmann PVB Pl IGDBv101.0 # 4519 0775 0.071 0.071 0.894 0081 0081 0000 0.840 0.8340
Report 29102 BExtra Clear pvb 1.14mm.gpp Extra Clear pvb 1.14mm Gutmann PVB Pl IGDBv101.0 # 4843 0764 0072 0.072 0.892 0034 0084 0000 0.840 0.840
Print 259103 Extra Clear pvb 1.52mm.gpp Extra Clear pvb 1.52mm Gutmann PVB Pl IGDBv101.0 # 5221 0738 0069 0.069 0834 0080 0030 000D 0840 0.840
29110 LYE33LNG LYE83 32 LUOYANG NOR IGDB v101.0 3140 0606 0.180 0.222 0.855 0.058 0.042 0.000 0.844 0.095
Update IGDB 30036 4mmClear-LtGreen-3mmLowE 180U User User 7389 0600 0.112 0.158 0786 0.082 0073 0.000 0.8340 0.080
(] NFRC only f

The laminate has now been imported from the Optics
user database to the WINDOW Glass Library. It can now
be used in the Glazing System Library to create a glazing
system.

Figure 22-122. The laminate has now been added to the WINDOW Glass Library.
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22.12. Creating an Applied Film Layer in Optics for NFRC Certification

22.12.1. Overview

Glazing layers with applied films can be constructed using Optics for NFRC certified simulations using the
following criteria:

= The substrate for the applied film cannot have embedded coatings, where embedded coatings are
defined as a coating on a substrate that touches the applied film.

*  Only NFRC glass layers with the NFRC approval indicator “#” can be used as the substrate for
applied film layers

= The glass layers used as the substrate for the applied film can be tinted or coated as long as the
coatings do not face the applied film

*  Only the layers of the Type “Applied Films” in Optics that have a “#” on them and are also on the
“ Approved Applied Films List” (updated by LBNL with every IGDB release and available on the
WINDOW Knowledge Base website) can be used. This means that the data for those applied films
was submitted to the IGDB using the criteria specified in Section 1.2 of this document, and that the
Applied Film manufacturers are participating in the NFRC rating program.

For NFRC verification of the laminate construction submitted by simulators:

» Glass Layers with an applied film constructed by simulators in Optics will not have a # next to them
when imported into WINDOW. The simulator shall specify in simulation reports the NFRC ID’s of
the applied film and the substrate, which shall all meet the # criteria, such as:

2802 / 5038

*  The simulator shall provide the properties for the applied film layer, including solar transmittance
(solar, T), visible transmittance (photopic, T), solar reflectance front (solar, Rf), solar reflectance back
(solar, Rb), visible reflectance front (photopic, Rf), visible reflectance back (photopic, Rb), Emissivity
front (EmitF), Emissivity back (EmitB). These values are reported on the Optics screen when the
laminate is calculated, and also in the WINDOW?b Detailed Report from the Glazing System Library.
This requirement can be met by submitting the Optics User Database containing the applied film
glass layers with the certification documentation.

* AnIA (or anyone else wanting to check the results) can open the Optics User Database to verify the
film and substrates used, as well as recreate the applied film layer from the specified film and
substrate to verify the calculated values

22-132 October 2026 WINDOW 8.1 User Manual



22. Special Cases 22.12. Creating an Applied Film Layer in Optics for NFRC Certification

22.12.2. Film Data

There are two types of films in Optics; the difference between them is how they were measured for submittal
to the International Glazing Database:

* Films: These films were measured without a substrate and may appear in and be inputs to Optics
calculations. However, the IGDB submittal process no longer accepts this type of submittal, and they
cannot be used for the NFRC Applied Film procedure. Data in this category can be resubmitted to
the IGDB, measured as an applied film with a substrate, and thus be added to the Applied Film
category.

= Applied Films: These films are measured with a substrate. For the purposes of the NFRC Applied
Film procedure, the only films that can be used are those that were measured with a clear substrate,
the substrate having the properties of Tsol > 0.820 and Tvis > 0.890

Optics can accurately calculate the optical properties of applied films on glass layers as long as the applied
films were measured following the guidelines listed below (and only applied films submitted with these
characteristics will be included in the “Approved Applied Films” list for use in NFRC certified product
calculations):

22.12.2.1. IGDB Submittal for Applied Films

As discussed in the LBNL document which contains guidelines for submitting data to the IGDB, “an applied
film glazing is an adhesive backed film applied to a Monolithic substrate.” If the measured data submitted to
the IGDB includes the substrate information, Optics can apply the film to another substrate.

This means that in order for an applied film to be added to the Optics “ Applied Film” type, and therefore
used in making applied film glass layers in Optics, the spectral data for the “reference” substrate to which
that applied film was attached, is submitted to the IGDB as follows:

* Applied films are measured with transparent glass with a solar transmittance greater than 0.820 (Tsol
> (0.820) and a visible transmittance greater than 0.890 (Tvis > 0.890). Glass that meets this criteria
includes 3mm clear glass, 3 mm low-iron glass, 6 mm low-iron glass. This ensures that an applied
film layer in Optics will always have a similar or lower transmittance than the reference substrate
which determines the applied film properties

* Substrate layers (the base glass to which the applied films are applied) are measured separately,
without the applied films attached, and submitted to the IGDB. This is the responsibility of the
manufacturer submitting data to the IGDB, as discussed below.

The applied film manufacturer can submit to the IGDB two spectral data files, single 3 mm clear with the
applied film on a clear substrate and the clear substrate by itself. With this data in the IGDB, simulators, using
this Applied Film Procedure, can then create the other two cases, the single 6 mm clear with the film, and the
single 6 mm gray with the film, to do the SHGC and VT calculations.
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This will allow a film manufacturer to submit to the IGDB several different films with the same clear
substrate, if they are all measured on the same clear 3 mm substrate (from the same glass batch). For example,
if a film manufacturer wanted to submit data for 20 different applied films, they would submit one spectral
data file for the substrate of all 20 measurements (assuming the substrates for each film all came from the
same glass batch), and 20 spectral data files, one for each film on the substrate, resulting in 21 files submitted.

Reference Hn [ |
substrate ~ .
layers ~ Applied
<4 Film
Applied film + Optics
algorithms
Spectral data is Spectral data is With these two sets of data, That applied film
measured for a measured for the Optics can “back out” the then appears as a
construction made up clear glass used as optical properties of the record in the
of the applied film the substrate applied film. “Applied Film”
glued to clear glass layer in the type in Optics, and
(the substrate layer) previous applied can be used as an
film measurement applied film on
other substrates
in Optics

Each of the 20 spectral data files for the films applied to the substrate would reference the substrate spectral
data file.

Additionally, the glass manufacturer will not have to submit spectral data for the applied films attached to 6
mm clear or 6 mm gray cases, as they can be simulated in Optics from the applied film on the 3 mm clear
substrate.

22.12.3. Using this Procedure for NFRC 200:

NFRC 200 specifies a procedure for calculating SHGC and VT for attachments, which applies to “Applied
Films”. This procedure specifies that reference glazing systems shall be calculated “with and without the film
installed” from the following glass layers.

* Single 3 mm clear
* Single 6 mm clear
* Single 6 mm gray

The first case, “Single 3 mm clear” is what the applied film manufacturers submit to the IGDB and will be in
that database. The other two cases, “Single 6 mm clear” and “Single 6 mm gray” can now be calculated with
Optics.

22.12.4. Creating a Layer with an Applied Film in Optics

22.12.4.1. Adding an Applied Film to an Uncoated Layer
You can apply a film to a monolithic layer in Optics to create a new applied film layer.

To apply a film to a monolithic layer follow the steps below:
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Click on the Glazing System tab
Add the desired layer to a layer column under the Glazing System tab
Select the monolithic layer by clicking on the desired layer number button

Add an Applied Film to the selected glazing layer in one of the following ways:
= Choose the menu option Edit|Change/Add Film

Edit
Delete Laver
Flip Layer

Change Thickness
Change substrate
Add Coating

Figure 22-123. Select a monolithic glass layer, click on the Layer button,
and select the Edit/Add Film menu choice

OR
» Right click on the selected glazing layer button and select the choice “Add Film”

The Change Glazing dialog box will appear. The film name box is highlighted in blue - click on it to
select an applied film from the database (you must select an “ Applied Film” layer , not a “Film”
layer). You must choose a film that is on the “ Approved Applied Films” list.

The new film will be added to the side you select in the Apply Film to” section of the dialog box:
You will be prompted to enter a new name for the glazing

If you want to keep the new layer, save it to the user database (see “Saving Layers to the User
Database”).
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Figure 22-124. Select a monolithic glass layer, click on the Layer button, and select the Edit/Add Film menu choice
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Figure 22-125. Choose the film to apply
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Figure 22-126. Apply the film to the substrate
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The dialog appears saying a new name must be applied to
the new glazing (glass layer)

|

Dpticss

The current glazing will become the substrate of the new glazing. You have to supply a name For the new glazing.

x|

T rroa— 5

Mew Filename [leave extension blank to uze default

extenzion];

Type a new name for the glazing (glass layer). Then name

should be the NFRC IDs of the glass layer and the applied

film.

— 200471563

A dialog box appears asking if you want to review the
information fields of the new glass layer. Click Yes, to
change the NFRC ID # of the new layer.

Change Glazing
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Filenarme:
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MFRC ID:
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Figure 22-127. Give the new applied film layer a name and a new NFRC ID number if needed to ensure uniqueness.

WINDOW 8.1 User Manual

October 2026

22-139



22.12. Creating an Applied Film Layer in Optics for NFRC Certification 22. Special Cases

22.12.4.2. Adding an Applied Film to a Coated Layer

You can apply a film to the uncoated side of a coated glazing, creating a double-coated layer with the coating
on one side and the film on the other.

To apply a film to a coated layer:
= Click on the Glazing System tab
* Add the desired layer to a layer column under the Glazing System tab
= Select the coated layer by clicking on the desired layer number button
= Choose the menu option Edit| Change/Add Film
* OR
= Right click on the selected glazing layer button and select the choice “Add Film”

* The Change Glazing dialog box will appear. The film name box is highlighted in blue - click on it to
select an applied film from the database (you must select an “Applied Film” layer , not a “Film”
layer). You must choose a film that is on the “ Approved Applied Films” list.

*  The new film will be applied to the uncoated side of the glazing to create a double-coated layer with
the film on one side and the coating on the other - this is indicated in the ‘Apply Film to’ section of
the dialog box.

*  You will be prompted to enter a new name for the glazing. Use the naming convention specified in
the beginning of this document, i.e., NFRC IDs for both the glazing layer and the applied film.

* If you want to keep the new layer, save it to the user database (see “Saving Layers to the User
Database”).
22.12.4.3. Adding an Applied Film to a Laminate

In the same manner as adding an applied film to either a coated or an uncoated layer, a film can be applied to
a laminate. This laminate can already exist in the IGDB or can be a laminate constructed using the NFRC
Laminate Procedure. The laminate is treated as a glass layer in the Glazing System tab, and the applied film is
then added to that layer.
22.12.4.4. Change a Film
To change the film applied to an applied film layer:

*  Select the applied film layer by clicking on the appropriate layer button

*  Choose the menu option Edit | Change/Add Film

* The Change Glazing dialog box will appear The film name box is highlighted in blue - click on it to
select an applied film from the database (you must select an “ Applied Film” layer , not a “Film”
layer). You must choose a film that is on the “Approved Applied Films” list.

*  The new film will replace the current film - this is indicated in the “Apply Film to” section of the
dialog box

*  You will be prompted to enter a new name for the glazing. Use the naming convention specified in
the beginning of this document, i.e., NFRC IDs for both the glazing layer and the applied film.

* If you want to keep the new layer, save it to the user database (see “Saving Layers to the User
Database”).
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22.12.4.5. Saving Layers to the User Database

You can save a glazing layer with an applied film to the user database if it has a different filename from any
layer currently in the user database or in the IGDB. If you save a layer that has components (such as a glazing
layer that has an applied film), the component layers will be saved to the user database at the same time
(unless they already exist in the IGDB or user database). This allows you to load and edit those layers at a
later time.

To save a layer to the user database:

= Select the layer or system to save by clicking on a layer button

*  Click the ‘Save’ button on the toolbar:
or
Choose menu option File | Save filename
or
Right-click to display the pop-up menu and select the option Save filename

* If the layer or system you saved had components, or if the save operation fails, you will be asked ‘Do
you want to view the details of the save operation?’. If you answer yes, you can view information
about components that were saved to the user database, and components that were not saved to the
user database along with an explanation of why some components were not saved.

Note: to change the filename and save in one operation, choose menu option Save As.. instead.

Note: You cannot save data for a layer with the same filename as another layer in the IGDB or your current
user database. If a conflict is detected, Optics will ask you to rename the layer before saving it, or cancel the
import. The most common reason a component is not saved is that its filename already exists in the IGDB or
user database. In this case Optics assumes that the component layer information is already available and does
not need to be saved again.

22.12.4.6. Renaming a Layer
To rename a layer with an applied film:

*  Select the layer you want to rename by clicking on a layer button.

= Choose menu option Edit | Rename filename
or
Right-click on the layer button to display the pop-up menu, and select item Rename filename

=  Enter a new filename and click ‘OK’

If you want to save the layer under the new name, save it to the user database (see “Saving Layers to the User
Database”). You could also achieve the same result by using the File | Save As... menu option to rename and
save the layer in one operation.
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22.13. Framed Intermediate Pane

22.13.1. Overview

For a product that has an intermediate pane with it's own frame, the modeling steps are as follows:
In WINDOW:

* Create the glazing system, including the intermediate pane.
In THERM:

= Model the head, sill and jamb sections including the intermediate pane and frame, using the glazing
system created in WINDOW. Model caming, if applicable.

In WINDOW:
* Import the THERM cross sections into the Frame (and Divider if modeling caming) Libraries.

*  Model the whole product using the Glazing System, Frame and Divider components.

Assassssl
S

v S

Figure 22-128. An example of a framed intermediate pane. Section A is modeled for the Sill/Jamb, Section B is modeled for the Head,
and Section C is modeled as a Divider.
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22.13.2. THERM Modeling Details

The THERM modeling is relatively straightforward, with a few details to be aware of shown below.

The head and sill are modeled normally, except that the extra frame for the intermediate pane is also
modeled. The sightline will remain defined as the highest interior point on the window /door frame.

If the glazing system is gas filled, any frame cavity opening into the glazing cavity must also be gas filled.

Example Sill

Link spacer cavity to glazing
system cavity above, if
appropriate. Because this is a
sealed unit, the 5 mm rule for
linking frame cavities and
glazing cavities does not
apply. Therefore the cavities
around and inside the spacer
that are next to the glazing
cavity are linked to that
cavity.

Intermediate pane

Frame for
intermediate pane

Figure 22-129. Example sill with framed intermediate pane
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Example Head

Link spacer cavity to glazing system cavity
above, if appropriate. Because this is a
sealed unit, the 5 mm rule for linking frame
cavities and glazing cavities does not apply.
Therefore the cavities around and inside
the spacer that are next to the glazing
cavity are linked to that cavity.

Figure 22-130. Example head with framed intermediate pane

Example Caming / Divider

Caming; if it exists, is modeled as a Divider.
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22.14 Complex Glazing Database (CGDB)

The Complex Glazing Database (CGDB) is provided by LBNL for modeling complex glazing products. Over
time, more products will be added to the database, as methodologies are developed to measure the properties
of the complex glazing products, and manufacturers submit data to LBNL to be included in the CGDB.

The current version of the CGDB is located on the LBNL website:
http:/ /windows.lbl.gov/software/ CGDB

There is a version of the database for each version of WINDOW (at the time of this writing, WINDOW 7 and
WINDOW 8). The databases are WINDOW databases that only have the complex glazing records in them, so
the products are easily imported into any WINDOW database (keeping in mind the program version
compatibility).

By default will be installed into the following directory:
C:\ Users\ Public\ LBNL\ LBNL Shared

When you want to import records from the CGDB into the Shading Layer Library of your current WINDOW
working database, follow these steps:

1. Shading Layer Library: Import the product from the CGDB into the Shading Layer Library
In the Shading Layer Library List View, click the Import button and browse to the CGCB database.

File Edit Libraries PRecord Tools Wiew Help

S EIE Baell: O#Z|aAV % €
Shading Layer Library (C:\Users'Public\LBNLYWINDOWE.1%w 8 mdb)
Detailed View
Calc ID Name ProductMame Manufacturer Type
MNew
c b 1 Wenetian AD Venetian (horizortal)
0 ; | .
=on¥ 2 WVenetian A45 Generic Venetian (horizontal)
Delete 3 Wenetian A0 Generic Venetian (horizontal)
Find |4 Wenetian B0 Generic Venetian (horizontal)
D ~ | | Import x Generic Venetian (horizontal)
Generic Venetian (horizortal)
Ad g Format  WINDOW Database ~ L Venetian forizontal)
L L Generic Venetian (horizontal)

_Import source ML Share[‘i‘\\"JB_I-CGDB-36-.0.IIRe-:ords.de I Browse

819 records found. % Generic Venetian (horizontal)
) Avoid creating duplicate records in export database by searching Generic Venetian (horizontal)
= for identical records

Generic Venetian (horizontal)
Export Generic i i
Venetian (horizontal)
oK Cancel .
Report _ Generic Venetian (horizontal)
Prnt 15  Diffusing Shade Generic Diffusing
- 16 WINDAT Shade with Spectral Data Generic Venetian (horizontal)

Figure 22-131. Browse to the CGDB database to import the frit records into the Shading Layer Library

When the CGDB dialog box appears, highlight the records to import and click the Select button (or
click the Select All button to import all the records in the CGDB file). At this point, for NFRC
certification, only the Diffuse glazing and Venetian Blind products (which can be either Type =
Venetian Blind, or Type = BSDF) can be used, so you may want to only select these products to
import from the CGDB.
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Cancel | Select Al Clear selection  Find

B CAUsers\Public\LENL\LEML Shared\W8_1-CGDE-26-AllRecords.mdb

D ~ 668 records found.

D Name ProductName Manufacturer Type
[ 00 | | Blindg BSO
0o Blinds by Peter Meyer B5D
R4000 716" Polyvision Laminate, open/clear 7/16" Polyvision Laminate, open/clear Palytronix Dir/Dif File
54001 7/16" Polyvision Laminate, closed/dffuse | 7/16" Polyvision Laminate, closed/diffuse  Polytronix Dir/Dif File
R4D0? 916" Polyvision Laminate, open/clear 9/16" Polyvision Laminate, open/clear Palytronix Dir/Dif File
Figure 22-132. Select the desired records to be imported into the Shading Layer Library
The selected records will be imported into the Shading Layer Library.
File Edit Libraries Record Tools View Help
D@ 2R E[E: )y Baellij O#[7|@aAV% €
Shading Layer Library (C:Users'Public' LENLWINDOWSE. 1w 8 mdb)
Detailed View
Calc D Name Product Mame Manufacturer Type
New
50118 3000 Met Privacy - Charcoal-Gray 3000 MNet Privacy - CharcoaliGi Rollease Acmeda BSDF
Copy 50119 3000 MNet Privacy - Charcoal-Bronze 3000 MNet Privacy - Charcoal-Br Rollease Acmeda BSDF
Delete 50120 3000 Net Privacy - Charcoal-Charcoal 3000 Net Privacy - CharcoalCt Rollease fAcmeda BSDF
Find 52001 Omegatex Elack T18KKSD0Z Omegatex Black T18KKS002 Verdilux Australia BSDF
D - 52002 Omegatex White T18KKS018 Omegatex White T1BKKS018  Vertilux Australia BSDF
— 53001 | Urban Weave High Rise Urban Weave High Rise BSDF
Urban Weave Soho Urban Weave Soho BSDF
Advanced. . 54100 Switch PDLC, open/clear Switch POLC, open/clear Trinity Glass Intemational Dir/Dif File
1819 records found. 54101  Switch PDLC, closed/diffuse Switch POLC, closed/diffuse  Trinty Glass Intemational Dir/Dif File
54200 ClearVue Laminate PYB A ClearVue Laminate PVB A Clear'ue Technologies U Dir/Dif File
Impa I
54201 ClearVue Laminate PVE E ClearVue Laminate PVE E ClearVfue Technologies U Dir/Dif File
Export 54500 6.9i89 5G_WHTS0 6.9i89 5G_WHT50 Cardinal Glass Industries  Dir/Dif File
Report R4501 6.9 5G_WHT50 6.9 5G_WHT50 Cardinal Glass Industries  Dir/Dif File
Print 54502 6.9 S5G_WHTES 6.9 5G_WHTES Cardinal Glass Industries  Dir/Dif File
- R4503 6.9 SG_WHTE0 6.95G_WHT20 Cardinal Glass Industries  Dir/Dif File

Figure 22-133. The records selected from the CGDB will be imported into the WINDOW Shading Layer Library
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22. Special Cases

22.14 Complex Glazing Database (CGDB)

2. Shading Layer Library -- Diffuse Glass Records

Diffuse glass records are defined in the Shading Layer Library, with a reference to a Shade Material,

and have Type = Dir/Dif File.

Shading Layer Library (C:\Users*\Public\LBNL'WINDOWS.1'w8 mdb)
1D MName ProductMame Manufacturer Type Material PemeabilityFactor | Source
55020 SPANDRELITE Black back) 6mm | SPANDRELITE Black (back) 6mm  Vitro formerly PPG | Dir/Dif File | SPANDRELITE Black (back) 6mm 0.000 CGDB
55021 SPAMNDRELITE Gray (back) 6mm SPANDRELITE Gray (back) 6mm Vitro formery PPG | Dir/Dif File | SPANDRELITE Gray (back) 6mm 0.000 CGDB
55022 SPAMNDRELITE White (back) &mm SPANDRELITE White (back) 6mm  Vitro formedy PPG | Dir/Dif Fle | SPANDRELITE White (back) 6mm 0.000 CGDB
55200 Opaque (1) Clear 6mm Cpaque (1) Clear 6mm Walker Glass Dir/Dif File | Opaque (1) Clear 6mm 0.000 CGDB
55301 Opague (1) STARPHIRE 6mm Opaque (1) STARPHIRE 6mm Walker Glass Dir/Dif File | Opague (1) STARPHIRE 6mm 0.000 CGDB
grag2  Welour (1) Clear 6mm Velour (1) Clear 6mm Walker Glazs Dir/Dif Fle | Velour (1) Clear 6mm 0.000 CGDB
55303  Velour (1) STARPHIRE 6mm Velour (1) STARPHIRE 6mm Walker Glass Dir/Dif File | Velour (1) STARPHIRE 6mm 0.000 CGDB
ERA04  Satin (1) Clear 6mm Satin (1) Clear 6mm Walker Glass \Dir/Dif File ) Satin (1) Clear 6mm 0.000 CGDB
Figure 22-134. Diffuse layers are defined in the Shading Layer Library as Type = Dir/Dif Files
The Material column in the Shading Layer Library for the Dir/Dif File records are references to the
Shade Material Library
Shade Material Library (C:\Users'Public*LENL\WINDOWS. 1w 8 mdb)
D Name ProductName Manufacturer Source Version |Mode| Color
55020 SPANDRELITE Black {back) &mm SPANDRELITE Black (back) ' Vitro formery PPG CGDB 3300 # -
55021 SPANDRELITE Gray (back) &mm SPANDRELITE Gray (back) & Vitro formery PPG CGDB 3300 # -
55022 SPANDRELITE White (back) 6mm SPANDRELITE White (back) Vitro formery PPG CGDB 3300 # -
5RA00 Opague (1) Clear &mm Opague (1) Clear Gmm Walker Glass CGDB oo #
5RA01 Opague (1) STARPHIRE 6mm Opague (1) STARPHIRE &mm Walker Glass CGDB oo #
5Ra02 Velour (1) Clear 6mm Velour (1) Clear 6mm Walker Glass CGDB oo #
5RA03 Velour (1) STARPHIRE &mm Velour (1) STARPHIRE &mm  Walker Glass CGDB oo #
RRANA Satin (1) Clear 6mm Satin (1) Clear 6mm Walker Glass CGDB oo #
Figure 22-135. Diffuse layers are defined in the Shading Layer Library as Type = Dir/Dif Files
These diffuse layers can be used in a glazing system, using the “Shade” option, which will then
display the Shading Layer Library
ID & 106 Mame: Opague glazing system
# 2 ST 90 ° IGHeight: 400,00 mm
Environmental width: V
Conditions: MNFRC 100-2010 o IG Width:  1000,00 mm /
Comment: %
“
Overall thickness: 18.561 mm Mode: # [ Model Deflection 1 2
D MName Mode| Thick | DCenter |Flip) Tsol | Rsol1l | Rsol2 | Twis | Rwis1 | Rvis2 | Tir E1 E2 | Cond
|| Shade 1ir¥ 55800 Opague (1)Clear 6mm | # 56
- Gap 1k 1 Air 99 12.700
A Glass 2 »» 102 CLEAR_3.DAT # 30 [los34 | 0075 0075 0839 0033 0033 0000 0840 0340 1.000

Figure 22-136. The diffuse layers from the Shading Layer Library can be used in a glazing system.
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22.14 Complex Glazing Database (CGDB)

22. Special Cases

3. Shading Layer Library - Venetian Blind Records
Highlight one of the Venetian blind records and click on Detailed View to see the details of the
Venetian blind definition.
The Detailed View will show the Blind Geometry, which includes Permeability Factor (automatically
calculated by the program based on the slat geometry), Slat Width, Slat Spacing, Tilt, and Rise.
Shading Layer Library
ID #3001
Mame:  SlimWhite VB 45
Product Mame:  Slim White Venetian Blind
Manufacturer.  Pella
Type: YWenetian blind, harizontal
I aterial: 31100 % hite Yenetian Blind Slat [whit
Permeahility Factar 0989
Wenetian Blind
Slat width: 14.808 |mm
Spacing: 12700 | mm /
Titt: 45 degrees /
Titt angle: 45.0000| - degrees
Blind thickness: |10.471 |mm /
Rise 838 mm /
Help /
Figure 22-137. Set the Tilt as needed to define the slat geometry
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22. Special Cases

22.14 Complex Glazing Database (CGDB)

Tilt:

Rather than entering a value for the Tilt angle, it is much better to select from the Tilt pulldown list,
and the program will determine the actual tilt based on the curvature of the blind (derived from the

Rise value)

Retracted Open: “fully open (0°)

Venetian Blind |

Slat width: 148 mm
Spacing: 120 mm
Tilt: fully open (0¢) -

closed (30
45 degrees
fully open (0%)
Blind thickness: |-45 degrees

Titt angle:

Closed: depending on the direction of the slat curvature, either

o Closed (90)

Venetian Blind |

Slat width: W mm

Spacing: W mm

Tt -
Tilt angle: I—SB— :‘ degrees
Blind thickness: IF mm

Rise: W mm

Help

o Closed (-90)

Venetian Blind |

Slat width: ’W mm

Spacing: ’W mm

T -
Titt angle: ’EE— :‘ degrees
Blind thickness: ’F mm

Rise: W mm

Help
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22.14 Complex Glazing Database (CGDB) 22. Special Cases

4. Shade Material Library - Venetian Blind Records

When a record from the CGDB Shading Layer Library is imported into a working WINDOW
database, the associated Shade Material Records are also imported.

For example, for the Venetian blind Shading Layer Library record below, the associated record in the
Shade Material Library is automatically imported and associated with the Shading Layer.

Shading Layer Library

ID # |3002

Mame: | Slim hite Open

Product Mame: | Slim %White Venetian Blind

Marufacturer.  |Pella
Type: |‘v"enetian blind. horizontal j
Materiat | 31109 white Venetian Blind Slat (whit = |

. . IShade Material Library (C:\Users“Public\LEML\WINDOW 8. 1w8.mdb)
Effective Openness Fraction | 1.00
D Name ProductName Manufacturer Source Version [Modg
31029 D7_WhiteOnSilverBack tat D7 White on Silver back Hunter Douglas CGDB 1900 @
11040 D8_WhiteSheer b D8 - White sheer Hurter Douglas CGDB 1900 @
O 1100 White Venetian Blind Slat (white tt) ~ White Venetian Blind Slat Pella |CGDE | 19.00 |#
Wengiizn HBind | 31107 Marine Venetian Blind Slat {marine txt) | Marine Venetian Blind Slat Pella CGDB 1900 #
31112 ODL White Blind Blind White oDL CGDB 2400 #
Slat width: 148 mm ———
Spacing: 12.0 mm
Tilt: fully open (07) h
Titt angle: 0 :‘ degrees
Blind thickness: |148  mm
Rise: 0.838 mm _—
Help

Figure 22-138. When a Shading Layer Library record is imported from the CGDB, the associated Shade Material Library record is
imported automatically.
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