5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.1. Overview

The WINDOW program calculates the center-of-glazing U-factor (U.), Solar Heat Gain Coefficient (SHGC,),
Visible Transmittance (VT.) and Fading Resistance (FR) according to the following standards:

®  NFRC 100: Procedure for Determining Fenestration Product Thermal Properties

®  NEFRC 200: Procedure for Determining Fenestration Product Solar Heat Gain Coefficients at Normal incidence
= NFRC 300: Procedure for Determining Solar Optical Properties of Simple Fenestration Product

= NEFRC 500: Procedure for Determining Fenestration Product Condensation Resistance Values

= ]SO 15099: Thermal Performance of Windows, Doors and Shading Devices — Detailed Calculations

The WINDOW User's Manual, WINDOW 5: Program Description, A PC Program for Analyzing the Thermal
Performance of Fenestration Products contains detailed information about how to use the program, and can be
used to become familiar with the program before reading this manual.

For NFRC simulations, the procedure for calculating the center-of-glazing U-factor in WINDOW is:

®  Verify that the Glass Library entries are from the currently approved International Glazing Data
Library associated with the Optics program (the following website contains current updates:
http:/ /windows.Ibl.gov/software and click on the Optical Data Library link)

= Create a glazing system for the product to be modeled which is composed of entries from the Glass
and Gas Libraries

= This Glazing System can then be imported into THERM to calculate the frame and edge-of-glazing
values

® The Glazing System is also used in WINDOW when constructing the whole product in the Window
Library.
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Figure 5-1. WINDOW Glazing System Library Detailed View.
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5.2 Glass Library 5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.2 Glass Library

The Glass Library contains individual glass layers that can be used to construct glazing systems. For NFRC
simulations, the NFRC approved glass layers from the International Glazing Database found in the Optics
program shall be used. WINDOW is shipped with the currently approved International Glazing Database,
but the library is updated frequently so check the website mentioned in Section 5.1 for updates. The data in
the International Glazing Database

is determined according to the NFRC 300 procedure. When the NFRC approved glass data is used, a #
symbol appears in the Mode fields of both the Glass Library (shown in Figure 5-2) and the Glazing System
Library (shown in Figure 5-1). All certification simulations must use the most current NFRC-approved
International Glazing Database (IGDB).

The Glass Library imported from the International Glazing Database contains glass products of specific
manufacturers, as well as several entries for generic uncoated products, indicated by the Manufacturer field
being set to “Generic”. The values for these generic entries are not measured properties from any specific
glass products, but are averaged spectral data from at least two samples.
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Figure 5-2. WINDOW Glass Library.

On the left hand side of the screen, of particular interest is the NFRC only checkbox; if checked, only the
records with a “#” in the Mode column will be displayed, which are the records certified for NFRC
simulations.

Detailed View  Click on this button to see all the information about the currently highlighted record.

The optical properties defined for each glass entry are listed below:
I

&

The unique ID associated with this record. For records whose Source is “Optics”, this ID
is the “NFRC ID” from the International Glazing 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.

Name The name of the glass layer. If the record was imported from the International Glazing
Database, this name will automatically come from that database.

Product Name The Product Name field from the International Glazing Database.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW 5.2 Glass Library

Manufacturer

Source

Mode

Color
Thickness
Tsol
Rsol1
Rsol2
Tvis
Ruis1
Rois2

Tir

emis]

emis2

The name of the glass manufacturer. If the record was imported from the International
Glazing Database, this name will automatically come from that database.

Source of the glass record. Current options are:

=  Optics5 v 11.4: Indicates that the data was imported from the International Glazing
Database, with the database version number, in this example, 11.4. These records
will have the spectral data information from the International Glazing 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.

An identifier to determine if the glass layer is approved by NFRC. Only records with
“#” in this field can be used for NFRC simulations.

A graphic representation of the color of the glass.

Glass thickness. 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
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5.3 Glazing System Library -- Center-of-Glazing U-factor

5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.3 Glazing System Library -- Center-of-Glazing U-factor

The center-of-glazing U-factor is determined in the WINDOW Glazing System Library. A glazing system is
created by specifying layers of glass from the Glass Library, as well as the gas fill material between the
layers, such as air or argon. Detailed instructions about creating a glazing system can be found in the
WINDOW 5 User's Manual. A sample glazing system library entry is shown in Figure 5-3.

When defining a glazing system, the number of glass layers (# Lay), the Tilt, and the Environmental
Conditions (Env Cond) must be specified. For NFRC certification calculations the Environmental
Conditions have restricted values, as discussed in the next section. Also, the glass layers must be from the
Glass Library using approved records from the International Glazing Database, indicated by a # value in the
Mode field of the glass layer record, as shown in Figure 5-3.

Note: to see the U-factor value to four decimal places, click on File/Preferences menu choice and in the Calculation

Options tab, set the Display Precision field to”4”
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Figure 5-3. Selecting glass layers in the Glazing Systems Library.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.3 Glazing System Library -- Center-of-Glazing U-factor
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When the glass and gap layers have been
defined, click on the Calc button and the
center-of-glazing U-factor as well as other
results will be displayed in the Results
section at the bottom of the screen. This
value is used when the glazing system is
imported into THERM.

\Eor NFRC certification

calculations of SHGC
and VT, glass layers
from the Glass Library
with a # in the Mode field
shall be used. The #
indicates that the record
is approved for NFRC
simulations.

Figure 5-4. Calculating results in the Glazing Systems Library.

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. (See

Section 7, “Total Product Calculations”, for more information).
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5.3 Glazing System Library -- Center-of-Glazing U-factor 5. MODELING CENTER-OF-GLAZING WITH WINDOW

All the Glazing System Library records can be seen in the List View, access by clicking the List button from
the Glazing System Library Detailed View.
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Figure 5-5. The List View of the Glazing System Library shows all the glazing systems.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.3 Glazing System Library -- Center-of-Glazing U-factor

5.3.1. Environmental Conditions

When defining the glazing system for use in an NFRC certified simulation, the NFRC 100-2001 choice must
be used for the Environmental Conditions (Env Cnd) parameter, which contains the parameters defined by
NFRC 100. Figure 5-4 shows the NFRC 100-2001 choice in the WINDOW Environmental Conditions Library.
Table 5-1 lists the values for the U-factor calculation and Table 5-2 lists the values for the Solar Heat Gain
Coefficient calculation.
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Figure 5-6. WINDOW Environmental Conditions Library List View.

Use the NFRC 100-2001 Environmental Conditions Library in WINDOW for NFRC center-of-glazing simulations
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Figure 5-7. WINDOW Environmental Conditions Library Detailed View of U-factor settings.
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5.3 Glazing System Library -- Center-of-Glazing U-factor

5. MODELING CENTER-OF-GLAZING WITH WINDOW

Table 5-1. Environmental Conditions for NFRC Simulations for U-factor calculations.

Variable Sl Units IP Units (reference only)
Outside Temperature -18°C 0°F
Inside Temperature 210C 70cF
Wind Speed 55m/s 12.3 mph
Wind Direction Windward Windward
Direct Solar 0W/m2 0 Btu/hr-ft2
Sky Temperature (Tsky) -18°C QcF
Sky Emissivity (Esky) 1.00 1.00

Use the NFRC 100-2001 Environmental Conditions Library in
WINDOW for NFRC center-of-glazing simulations
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Figure 5-8. WINDOW Environmental Conditions Library - Settings for SHGC.

Table 5-2. Environmental Conditions for NFRC Simulations for SHGC and VT calculations.

Variable Sl Units IP Units
Outside Temperature 32:C 89°F
Inside Temperature 240C 75¢0F
Wind Speed 2.75m/s 6.15 mph
Wind Direction Windward Windward
Direct Solar 783 W/m? 248.2Btu/ hr-ft2
Sky Temperature (Tsky) 320C 89°F
Sky Emissivity (Esky) 1.00 1.00
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5. MODELING CENTER-OF-GLAZING WITH WINDOW 5.3 Glazing System Library -- Center-of-Glazing U-factor

It is possible to make new environmental conditions with specific conditions specified, in order to evaluate
the design of a product. However, only the pre-defined NFRC 100-2001 shall be used for NFRC rating
purposes.

5.3.2. 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.
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Click on the Flip checkbox and the glass
layer will be flipped so that the coating is on
the inside of the glass layer.
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Figure 5-9. Use the Flip checkbox to flip the coatings on a glass layer.
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5.3 Glazing System Library -- Center-of-Glazing U-factor 5. MODELING CENTER-OF-GLAZING WITH WINDOW

5.3.3. Gas Fill

The gas used to fill the gap between the glass layers makes a significant contribution to the center-of-glazing
U-factor, although it does not have much affect on the Solar Heat Gain Coefficient. For NFRC certified
simulations, the gas to be shipped in the fenestration product shall be modeled. When creating a glazing
system in WINDOW, choose the appropriate gas fill from the Gas Library, which contains the maximum gas
fills that can be used, as shown in the figure below. Custom gas mixtures can be defined in the Gas Library.
See the WINDOW User’s Manual for more details about making a new gas mixture in the Gas Library.

When a gas is used to fill the gap between glass layers, there is always a mixture of the gas and air. The
amount of air mixed in is dependent on many factors including the method used to fill the gap, either
evacuated chamber filling, two-probe filling with a concentration sensor, or single-probe timed filling. Table
5-3 shows the maximum gas concentrations that can be achieved with each method. For NFRC certification
simulations, the simulator shall request the gas-filling technique and the gas concentration for their product
from the manufacturer.

Table 5-3. Gas Concentrations based on Filling Technique.

Filling Technique Maximum Gas Concentrations
Achieved
Evacuated Chamber Filling 97%
Two-Probe Filling with a Concentration Sensor 95% for Argon filled
90% for Krypton filled
Single-Probe Timed Filling 60-90%

i W5 - Gas Library {C:"Program Files',LBNL\ WINDOWS' w5.mdb}) | | m] 3

File Edit Libraries Record Tools Wiew Help

CeH s2R&E[E: «r | Balell: O#|%| 2N

| »

Gas Library [C:\Program FileshLBMNLNWIN DO S w5 mdb]

Detailed View |
Calc | [ Marne Type | Conductivity Wizcosity Cp Dienzity Prandtl Cormment
Mew W ek kasm-z Jikak kasm3
= » 0.024063 00000717 1232171 I
Copy |
Argon Pure 0016349 0000021 R21.929016 1.781832 0.6704
Delete | Krypton Pure 0.003664 0000023 248091003 AFITTIE 0.6717
— Find *enon Pure 0.005180 0000021 158339936 B BAE4TE 0.6542

Air(5%) 4 Argon (35 Mix 0016704 0000021 53AT29614 175749 06730
Air(12%) augon (2] Wi 0011490 0000023 322703613 3014009 0.6403
Air (5%) 4 Kiyptan (3| Mis 0009191 0000023 261638538  3E15515 (06640
Air(10%)/ augon (30 Mix - 0017063 0000021 553033142 1732866 06758

jID

Advanced...

L«
[ T w T I o TR U ' B o |

4

8 records found.

Irnpart

Beport |
Print |
1| | ' .
For Help, press F1 [Mode: wFRC ST [ [MOM [SCRL 2

Figure 5-10. WINDOW Gas Library.
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5. MODELING CENTER-OF-GLAZING WITH WINDOW 5.4 Solar Heat Gain Coefficient and Visible Transmittance

5.3.4. Laminated Glass / Applied Films

To model laminated glass or glass with applied films in WINDOW, use NFRC approved spectral data to
create a record in the WINDOW Glass Library which can then be used as a glazing layer in the Glazing
System Library.

5.4 Solar Heat Gain Coefficient and Visible Transmittance

The document NFRC 200: Procedure for Determining Fenestration Product Solar heat Gain Coefficients at Normal
Incidence contains the rules and definitions for calculating the Solar Heat Gain Coefficient and Visible
Transmittance for products. Consult NFRC 200 to determine how to group products for these calculations, as
well as algorithm documentation.

In WINDOW, the center-of-glazing Solar Heat Gain Coefficient (SHGC) and Visible Transmittance (VT) are
automatically calculated in the Glazing System Library in the Center of Glass Results tab, as shown in the
figure below.

In addition, these values are calculated for the whole product and for the NFRC SHGC 0 and 1 and VT 0 and
1 cases in the Window Library, as explained in Chapter 7 of this manual.

Far Help, press Fi

=
Mode: NFRC [SI [ [NUM [SCRL 4

ii Glazing System Library {C:\Program Files'LBNL' WINDDW5" w5.mdb) | I ] 4
File Edit Libraries Record Tools Wiew Help
DS | 2@ & E: > M|[B- on; OH# % 2N
— Glazing Systern Library =
List |
Cale [F3) D 2 Mamne: |Double Clear Al
New | #La_l,lers:|2 i’ TiIt:I EI
Environmental
Copy | e | MFRC 1002001 |
Delete | Comment:l 1 2
Save | Owerall thickness:|23.43ﬂ mm Mode:lﬂ
Report | | | b |  Name [Mode| Thick [Fip| Tsol [ Rsoll | Rsolz [ Tvis | Rvist [Rwis2| Ti | E1 | E2 [ Cond|  Comment
Glazz 1 ¥ 103 CLEAR_EDAT # 57 [O|no7 0070 0070 0884 0080 0080 0000 0840 0840 1.000
Gaz1 B 1 Air 120
Glass 2 ¥k 103 CLEAR_EDAT # &7 [Jo7A 0070 0070 0884 0080 0080 0000 0840 0840 1.000
< »
Center of Glass Results | Temperature Data | Optical Data | Angular Data | Color Properties
Ufactar 5C SHGC Rel. Ht. Gain Twis K.eff
Wm2H Wi W
llllllllllllll 27033 ¢ 0.8091 0705 533 07861 0.0638
ba i
/
I™ Frotected /

7

The center-of-glazing Solar
Heat Gain Coefficient (SHGC)

The center-of-glazing Visible
Transmittance (Vtc)

Figure 5-11. The center-of-glazing SHGC, VT and Fading Resistance are calculated in the WINDOW Glazing System Library.
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