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Evoke Buildings Engineering Inc. (Evoke) was contracted by Starline Windows for the thermall
evaluation of the Starline 9200 Series Window Wall system with an enhanced DC7 deflection header.
Evoke evaluated various scenarios to determine the thermal transmittances and condensation risk
for the climates of Vancouver, BC and Edmonton, AB. This report summarizes the thermal
evaluation.

The evaluated Starline 9200 Window Wall System is comprised of the following features:
1. Window mullions and couplers have a1 9/16” (39 mm) multi chamber thermal breaks.
2. 4% (14 mm) deep frames.

3. Insulated aluminum deflection head with thermal break located in line with the spandrel
exterior mineral wool insulation at the edge of the concrete floor.

4. Spandrels are single glazed with 3 inches of mineral wool (R-12.6) insulation in the back pan.

5. The T-angle support at the edge of the concrete floor allows for extra insulation at the
bypass.

The evaluated Starline 9200 Window Wall System with a raised metal panel has most of the same
features as the evaluated baseline system, with the following differences:

e Spandrels are finished with a metal panel.
e 45 inches of mineral wool (R-18.9) insulation in the back pan.
e More insulation at the slab bypass.

Scenarios with vision sections include a double glazed IGU, with Low-E coating on surface #2, a 1/2-
inch argon filled cavity, and warm edge spacers.

See Figures 1 and 2 for details of the evaluated systems.

Thermal Evaluation of Starline 9200 Series Window Wall System EV KE
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Frame . llnsulated aluminum frames, including couplers and deflection head.

Vision . Double glazed IGU (Low-E on #2, %" argon space) and warm edge spacer.

3" of mineral wool in back pan.

Spandrel . .
Single lite spandrel gloss.

Steel-framed wall with 15/8-inch steel studs inboard the back-pan 2 inches (3
5/8 inches total cavity).
Wood sill and 1/2 in drywall interior finishes.

8" concrete floor slab.

2” mineral wool outboard or 1" mineral wool + 1" aerogel outboard of concrete
floor slab.

Deflection head thermal break located in bypass insulation and edge of
concrete floor.

Geometry and Components for the Upstand Spandrel Scenarios

Thermal Evaluation of Starline 9200 Series Window Wall System with Aerogel Scenarios EV KE
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Frame . Insulated aluminum frames, including couplers and deflection head.

Spandrel

Single lite spandrel glass.
3" of mineral wool in back pan.

Steel-framed wall with 15/8-inch steel studs inboard the back-pan 2 inches (3
5/8 inches total cavity),
Wood sill and 1/2 inch drywall interior finishes.

8" concrete floor slab.

2” mineral wool outboard or 1" mineral wool + 1" aerogel outboard of concrete
floor slab.

Deflection head thermal break located in bypass insulation and edge of
concrete floor.

Figure 2. Geometry and Components for the Full height Spandrel Scenarios

Thermal Evaluation of Starline 9200 Series Window Wall System with Aerogel Scenarios
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The evaluation of the baseline and the raised panel 9200 series window wall systems included the
following eight scenarios:

. Baseline - Upstand Spandrel Section: As shown in Figure 1 above.

2. Baseline - Upstand Spandrel Section with Inboard Insulation: The same geometry as
Scenario 1, with additional insulation within the backup wall on the interior side of the back
pan. Four options were analyzed, the addition of 1-inch mineral wool (R-4.2), 2" mineral wool
(R-8.4), I-inch closed-cell spray foam (R-5.6), and 2" closed-cell spray Foam (R-11.2).

3. Baseline - Full Height Spandrel: As shown in Figure 2 above.

4. Baseline - Full Height Spandrel with Inboard Insulation: The same geometry as Scenario 3,
with additional insulation within the backup wall on the interior side of the back pan. Four
options were analyzed, the addition of 1-inch mineral wool (R-4.2), 2" mineral wool (R-8.4), 1-
inch closed-cell spray foam (R-5.6), and 2" closed-cell spray Foam (R-11.2).

5. Raised Panel - Upstand Spandrel Section: As shown in Figure 1 above.

6. Raised Panel - Upstand Spandrel Section with Inboard Insulation: The same geometry as
Scenario 5, with additional insulation within the backup wall on the interior side of the back
pan. Four options were analyzed, the addition of 1-inch mineral wool (R-4.2), 2" mineral wool
(R-8.4), I-inch closed-cell spray foam (R-5.6), and 2" closed-cell spray Foam (R-11.2).

7. Raised Panel - Full Height Spandrel: As shown in Figure 2 above.

8. Raised Panel - Full Height Spandrel with Inboard Insulation: The same geometry as Scenario
7, with additional insulation within the backup wall on the interior side of the back pan. Four
options were analyzed, the addition of 1-inch mineral wool (R-4.2), 2" mineral wool (R-8.4), 1-
inch closed-cell spray foam (R-5.6), and 2" closed-cell spray Foam (R-11.2).

The geometry of the evaluated systems is based on drawings provided by Starline Windows and are
presented in Appendix A.

The thermal analysis was done using 3D thermal simulation using the Simcenter 3D software
package from Siemens, which is a general-purpose computer aided design (CAD) and finite
element analysis (FEA) package. The thermal solver and modeling procedures utilized for this
evaluation were extensively calibrated and validated to within +/- 5% of hotbox testing'?®. The
thermal analysis utilized steady-state conditions, published thermal data for materials, and
information provided by Starline Windows.

Glazing air cavities and film coefficients are based on ISO 10077-2:2017 “Thermal performance of
windows, doors and shutters — Calculation of thermal transmittance — Part 2: Numerical method for
frames”. Boundary conditions were modeled using heat transfer coefficients for convection (i.e. film

' ASHARE Research Project 1365-RP, Thermal Performance of Building Envelope Details for Mid- and High-Rise Construction, 2011
2 AISI Research Report RP18-1, Thermal Analysis of Cold-Formed Steel Wall Assembilies, 2018
3 Building Envelope Thermall Bridging Guide, Version 1.6, 2021

Thermal Evaluation of Starline 9200 Series Window Wall System EV KE
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coefficients). Radiation was directly simulated for the glass and framing exposed directly to the
interior and exterior environment. Additional assumptions for the thermal analysis are provided in
Appendix B.

For the condensation risk analysis, the temperature index (refer to Appendix B) was determined at
the identified locations for the following interior and exterior winter design conditions.

e Interior temperature: 21°C
e Vancouver, BC design temperature: -7°C
e Edmonton, AB design temperature: -30°C

Surface temperatures due to average steady-state conductive heat flow in three-dimensions were
utilized as a means of highlighting where the critical temperature locations are. Recognize that the
objective of this analysis is not to predict in-service surface temperature subject to transient
conditions, air leakage, variable heating systems, and/or limitations of this modeling approach.

Thermal Transmittance Results

The evaluated systems include thermal transmittances for the clear field assembly, spandrel with
the slab, and the bypass linear transmittance. Figure 3 shows the model and components for each
type of thermal transmittance and effective R-values for the upstand and full height spandrel
systems.

Upstand Fullheight

3
y

1476
[587)

476
9]

Clear Field

Vision section

Split at middle
of horizontal frame

Spandrel with
slab bypass and
deflection header

Spandrel with
slab bypass and
deflection header

Spandrel & Intermediate Floor

Figure 3. Model and Components Included Thermal Transmittances
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The thermal transmittance for the vision section without the impact of the deflection header is
shown in Table 1. The same vision performance is assumed for both the baseline and raised panel
systems.

Thermal Transmittances of Vision Section for Upstand Scenarios

U-Value Effective R-Value

Component
Btu/h ft2°F (W/m2°K)  h ft2°F / Btu (m2°K/ W)

0.283 (1.61) 3.5 (0.621)

Baseline Starline 9200 System

The assembly thermal transmittances bypass linear transmittances and effective R-values for the
Baseline Starline 9200 Window Wall System are presented in Tables 2 and 3. Additional assembly
details and material properties are provided in Appendix A and B.

Example temperature profiles for each scenario and linear transmittances for the window sill-to-
spandrel interface can be found in Appendix C. The window sill-to-spandrel linear transmittances
can be utilized to estimate the clear field spandrel for other upstand spandrel heights.

Thermal Transmittances for Baseline Starline 9200 System: Upstand Spandrel

Inboard Bypass Linear
; Clear Field Spandrel Spandrel with Slab
Insulation : P P Wi Transmittance

Nominal ‘

Scenario R-Value Uo Ro Us Rs wbypass

ft2hr °F/Btu Btu/ft2 hr °F | ft2 hr °F/Btu Btu/ft2 hr °F ft2 hr °F/Btu Btu/h ft °F
(m2K/w) (W/m?2K) (M2 K/w) (W/m?2K) (M2 K/w) (W/m °K)

013 (0.196)

0.129 (0.223)

0.129 (0.224)

0.133 (0.230)

0.136 (0.235)

Thermal Evaluation of Starline 9200 Series Window Wall System EV KE
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Thermal Transmittances for Baseline Starline 9200 System: Full Height Spandrel

Inboard Bypass Linear
Insulation Clear Field Spandrel Spandrel with Slab T:;F;smittance
Nominal
Scenario R-Value Uo Ro ‘ Us Rs wbypass
ft2hr °F/Btu Btu/ft2hr°F  ft2hr°F/Btu | Btu/ft2hr°F ft2 hr °F/Btu Btu/h ft °F
(m2k/w) (W/m2K) (m2k/w) (W/m2K) (m2k/w) (W/m °K)
R-0.0
0.080 (0.138)
(0.00) (0.474) (2.m) (0.524) (1.1
R-4.2 0.061 R-16.3 0.075 R-13.4 0121 (0:210)
(0.74) (0.347) (2.88) (0.424) (2.36) ' ‘
R-5.6 0.056 R-17.8 0.071 R-14.0 0135 (0.234)
(0.99) (0.320) (313) (0.405) (2.47) ‘ '
R-8.4 0.049 R-20.6 0.065 R-15.3 0151 (0.261)
(1.48) (0.276) (3.62) (0.371) (2.69) ' :
R-11.2 0.043 R-23.4 0.061 R-16.3 0168 (0.291)
(1.97) (0.243) (412) (0.349) (2.87)

Raised Panel Starline 9200 System

The assembly thermal transmittances bypass linear transmittances and effective R-values for the
Raised Panel Starline 9200 Window Wall System are presented in Tables 4 and 5. Additional
assembly details and material properties are provided in Appendix A and B.

Example temperature profiles for each scenario and linear transmittances for the window sill-to-
spandrel interface can be found in Appendix C.

Thermal Transmittances for Raised Panel Starline 9200 System: Upstand Spandrel

Inboard B Li
Insulation Clear Field Spandrel Spandrel with Slab e TnsEy

Nominal
Scenario R-Value Uo Ro ‘

Transmittance

Us Rs wbypass

ft2hr °F/Btu Btu/ft2 hr °F | ft2 hr °F/Btu Btu/ft2 hr °F ft2 hr °F/Btu Btu/h ft °F
(m2k/w) (W/m2K) (m2k/w) (W/m2K) (m2k/w) (W/m °K)

0.00 (0.174)

0.1 (0.191)

0.114 (0.196)

0.116 (0.200)

0.116 (0.202)

Thermal Evaluation of Starline 9200 Series Window Wall System EV KE
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Thermal Transmittances for Raised Panel Starline 9200 System: Full Height Spandrel

Inboard B Li
Insulation Clear Field Spandrel Spandrel with Slab YRR PINSE

) Nominal
Scenario R-Value Uo Ro ‘

Transmittance

Us Rs wbypass

ft2hr °F/Btu Btu/ft2 hr °F | ft2 hr °F/Btu Btu/ft2 hr °F ft2 hr °F/Btu Btu/h ft °F
(m2k/w) (W/m2K) (m2k/w) (W/m2K) (m2k/w) (W/m °K)

0.099 (0.171)

0.126 (0.218)

0.137 (0.236)

0.152 (0.263)

0.164 (0.285)

The condensation risk was evaluated for the climates of Vancouver, BC and Edmonton, AB based on
the 2.5% January Design Temperatures from NECB 2020. Table 6 illustrates the minimum allowable
temperature indices per various indoor humidity for surfaces exposed to interior air and the
following conditions:

e Exterior Temperature Vancouver, BC: -7°C
e Exterior Temperature Edmonton, AB: -30°C

e Interior Temperature: 21°C

Temperature Indices to Meet Condensation Risk Criteria

Indoor Interior Indoor Air Minimum Allowable Minimum Allowable
Relative Temperature, Dewpoint, Temperature Index  Temperature Index for
Humidity °C °C for Vancouver, BC Edmonton, AB

0.26 0.59
0.35 0.64
0.43 0.69
0.62 0.79
07 0.84

Baseline Starline 9200 System

Table 7 provides the temperature index (T;) at various locations for the upstand spandrel section
shown in Figure 4. Tables 8 and 9 outline the surface temperature and maximum interior RH levels
at various locations for Vancouver, BC and Edmonton, AB.

Thermal Evaluation of Starline 9200 Series Window Wall System Ev KE
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Location of the Minimum Temperatures for Scenarios 1 and 2. lllustrated on the Baseline
System for Vancouver, BC

Temperature Indices for Baseline Starline 9200 System: Upstand Spandrel
Inboard Insulation
Nominal R-Value

Temperature Location

Scenario o
e OZS\E; (m2 T, T T3 Ta Ts Te
R-0.0 (0.00) 080 | 071 0.81 0.82 0.91 0.80
R-4.2 (0.74) 080 | 07 073 080 | 090 | 080
R-5.6 (0.99) 080 | 07 072 080 | 090 | 080
R-8.4 (1.48) 080 | 071 071 079 | 090 | 0.80
R-11.2 (1.97) 080 | 07 0.70 079 0.90 | 080

Condensation Risk Analysis for Baseline Starline 9200 System: Upstand Spandrel for
Vancouver

Temperature Location
T Ta |

—
N
o

Inboard
Insulation
Nominal

Scenario
R-Value

Temperature _,
Temperature _,
Maximum RH
Temperature
Maximum RH
Temperature
Maximum RH
Temperature _,
Maximum RH
Temperature _,
Maximum RH

Maximum RH

ft2 hr °F/Btu
(m2 °k/w)

R-0.0 (0.00) |15.4 | 70% | 13.0 |60% | 15.6 | 71% | 161 | 73% [ 185 | 85% | 155 | 71%

o

(@)
S

o
(@)
S

o
(@)
3R

o
(@)
S

o
(@)
S

o
(@)
S

R-4.2 (0.74) | 153 | 70% | 12.9 |60% | 135 | 62% | 155 | 71% |18.3 | 84% | 155 | 71%
R-5.6 (0.99) | 15.3 | 70% | 12.9 | 60% | 13.1 | 61% | 15.4 | 70% | 182 |84% | 155 | 71%
R-8.4(148) | 153 | 70% | 12.9 | 60% | 12.8 |59% | 152 |69% | 182 | 84% | 155 | 71%
R-112(1.97) 153 |70% | 129 |60% | 125 |58% | 15.1 |69% | 181 | 84% | 15.5 | 71%

Thermal Evaluation of Starline 9200 Series Window Wall System EV KE
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Table 9. Condensation Risk Analysis for Baseline Starline 9200 System: Upstand Spandrel for
Edmonton

Temperature Location
| T

Inboard
Insulation
Nominal

Scenario
R-Value

Temperature =
Temperature -
Temperature R
Temperature =

[3,]
Temperature o

Maximum RH
Maximum RH
Temperature
Maximum RH
Maximum RH
Maximum RH
Maximum RH

ft2 hr °F/Btu
(M2 °k/w)

R-0.0 (0.00) | 10.7 | 52% | 6.4 |39% | 1.2 |53% | 12.0 |56% |16.4 | 75% | 10.9 | 53%
R-42(0.74) | 10.7 | 52% | 6.3 |38% | 7.4 | 41% |10.9 | 52% [ 16.0 | 73% | 10.9 | 53%
R-5.6 (0.99) | 10.7 | 52% | 6.3 |38% | 6.6 |39% |10.8 |52% | 15.9 | 73% | 10.9 | 53%
R-8.4(148) | 107 |52% | 6.3 |38% | 6.0 [38% | 104 | 51% | 15.9 | 73% | 10.9 | 53%
R-112(1.97) | 107 |52% | 6.3 |38% | 5.6 | 37% | 10.3 |50% | 15.8 | 72% | 10.9 | 53%

o
(@)
X
o
(@)
S
o
(@)
S
o
(@)
S
o
(@)
S
o
(@)
S

Table 10 provides the temperature index (T;) at various locations for the full height spandrel section
shown in Figure 5. Tables 11 and 12 outline the surface temperature and maximum interior RH levels
at various locations for Vancouver, BC and Edmonton, AB.

Figure 5. Location of the Minimum Temperatures for Scenarios 3 and 4. lllustrated on the Baseline
Full Height Spandrel Section for Vancouver, BC

Thermal Evaluation of Starline 9200 Series Window Wall System EV KE
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Temperature Indices for Baseline Starline 9200 System: Full Height Spandrel
Inboard Insulation
Nominal R-Value

Temperature Location

Scenario f2 hr oF/Btu
(2 °k/W) Ti T T3 Ta Ts
R-0.0 (0.00) 085 | 082 | 085 | 077 | 077
R-4.2 (0.74) 085 | 076 | 0.82 | 058 | 056
R-5.6 (0.99) 084 | 075 | 081 | 054 | 052
R-8.4 (1.48) 082 | 072 | 079 | 048 | 045
R-11.2 (1.97) 082 | 070 | 079 | 044 | 0.40

Condensation Risk Analysis for Baseline Starline 9200 System: Full Height Spandrel for
Vancouver

Temperature Location
T, |

(4]

Inboard
Insulation
Nominal

Scenario
R-Value

Temperature _,
w
Temperature _,
-y
Temperature _,

Temperature _,
Maximum RH
Temperature
Maximum RH
Maximum RH
Maximum RH
Maximum RH

ft2 hr °F/Btu
(m2 °k/wW)

R-0.0 (0.00) | 16.8 | 77% | 16.0 | 73% | 16.7 | 77% | 145 | 66% | 14.6 | 67%
R-4.2 (0.74) | 167 | 77% | 14.2 | 65% | 16.0 | 73% | 92 | 47% | 8.6 | 45%
R-5.6 (0.99) | 16.6 | 76% | 14.0 | 64% | 15.8 | 72% | 81 |44% | 7.4 | 41%
R-8.4(1.48) | 159 | 73% | 131 |60% | 152 |69% | 65 |39% | 5.6 |36%
R-1.2 (1.97) [ 16.0 | 73% | 127 |59% | 15.0 |69% | 5.3 |36% | 4.2 |33%

@)
X
o
@
2
o
@)
I
o
@)
N
o
@)

Condensation Risk Analysis for Baseline Starline 9200 System: Full Height Spandrel for
Edmonton
Temperature Location
T, | |

(&)

Inboard
Insulation
Nominal

Scenario
R-Value

Temperature =
Temperature _,
w
Temperature _,
-y
Temperature _,

Maximum RH
Temperature
Maximum RH
Maximum RH
Maximum RH
Maximum RH

ft2 hr °F/Btu
(m2 °k/wW)

R-0.0 (0.00) | 133 | 61% | 12.0 |56% | 13.2 | 61% | 92 | 47% | 9.3 | 47%

o

@)
I

o
@
X

o
@)
I

o
@)
N

o
@)

R-4.2(074) | 132 | 61% | 87 |45% | 1.9 |56% |-0.6 | 23% | -1.6 | 21%
R-5.6 (0.99) | 13.0 | 60% | 8.2 |44% | 115 |55% | -2.4 | 20% | -3.7 | 18%
R-8.4(1.48) | 1.7 |55% | 6.6 |39% | 105 | 51% |-55 | 15% | -7.1 | 13%
R-12 (197) | 1.9 |56% | 5.9 |37% | 101 [50% |-7.6 | 13% |-9.5 | 1%

Raised Panel Starline 9200 System

Table 13 provides the temperature index (T;) at various locations for the raised panel upstand
spandrel section shown in Figure 6. Tables 14 and 15 outline the surface temperature and maoximum
interior RH levels at various locations for Vancouver, BC and Edmonton, AB.

Thermal Evaluation of Starline 9200 Series Window Wall System EV KE
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Location of the Minimum Temperatures for Scenarios 5 and 6. lllustrated on the Raised
Panel Upstand Spandrel Section for Vancouver, BC
Temperature Indices for Raised Panel Starline 9200 System: Upstand Spandrel

Inboard Insulation
Nominal R-Value

Temperature Location

Scenario
fzinhQr :ZS\E;J T4 T2 Ts Ta Ts Te
R-0.0 (0.00) 081 | 071 | 083 | 082 | 092 | 082
R-4.2 (0.74) 081 | 071 | 076 | 081 | 091 | 082
R-5.6 (0.99) 081 | 071 | 075 | 081 | 091 | 0.82
R-8.4 (1.48) 081 | 071 | 074 | 080 | 091 | 0.82
R-11.2 (1.97) 081 | 071 | 073 | 080 | 091 | 0.82

Condensation Risk Analysis for Raised Panel Starline 9200 System: Upstand Spandrel
for Vancouver
Temperature Location

Inboard ‘
Insulation
Nominal

Scenario
R-Value

Temperature =
Temperature -
Temperature o
Temperature R
Temperature -
Temperature o

Maximum RH
Maximum RH
Maximum RH
Maximum RH
Maximum RH
Maximum RH

ft2 hr °F/Btu
(m2 °K/w)

R-0.0 (0.00) [ 15.6 | 71% | 13.0 | 60% | 161 |74% | 161 |73% | 187 | 87% | 161 | 73%

o

(@)
S

o
(@)
S

o
(@)
S

o
(@)
S

o
(@)
3

o
(@)

R-42(074) | 156 | 71% | 12.9 | 60% | 14.3 | 65% | 15.8 | 72% | 18.6 | 86% | 161 | 73%
R-5.6 (0.99) | 156 | 71% | 129 | 60% | 141 | 64% | 155 | 71% | 185 |86% | 161 | 73%
R-8.4(1.48) | 156 | 71% | 12.9 | 60% | 13.7 | 63% | 15.4 | 70% | 185 | 85% | 161 | 73%
R-112(1.97) [ 156 | 71% | 129 | 60% | 13.4 | 62% | 15.3 | 70% | 184 | 85% | 161 | 73%

Thermal Evaluation of Starline 9200 Series Window Wall System EV KE
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Table 15. Condensation Risk Analysis for Raised Panel Starline 9200 System: Upstand Spandrel
for Edmonton

Temperature Location

T | Ta |

N

Inboard
Insulation
Nominal

Scenario
R-Value

Temperature _,
Temperature o

T,
o
S
=
o)
©
S
@
o
£
@
-

Maximum RH
Maximum RH
Temperature
Maximum RH
Temperature
Maximum RH
Maximum RH
Maximum RH

ft2 hr °F/Btu
(m2 °k/w)

R-0.0 (0.00) | 12 |54% |6.36 |39% | 121 |57% | 12 |57%|16.8 |77% | 12 |56%
R-4.2(0.74) | N2 |53%|6.32|38% |876|45% | 15 |55% |16.6 | 76% | 12 |56%

€ Temperature _,
o

(@)
S

o
(@)
S
9}
S
S
9}
S

o
S

R-5.6(0.99) | 12 |53% | 6.32 | 38% |8.34|44% | N1 |53%|165 |75% | 12 |56%
R-8.4(148) | N2 |53% |6.32|38% |7.72 | 42% | 10.8 | 52% | 16.4 | 75% | 12 |56%
R-112(1.97) | N1 |53% | 6.3 |38% | 719 | 41% | 10.6 | 52% | 16.3 | 75% | 12 |56%

Table 16 provides the temperature index (T;) at various locations for the full height spandrel section
shown in Figure 7. Tables 17 and 18 outline the surface temperature and maximum interior RH levels
at various locations for Vancouver, BC and Edmonton, AB.

21.00
I 18.20
15.40
12.60
9.80
700

420

1.40

Figure 7. Location of the Minimum Temperatures for Scenarios 7 and 8. lllustrated on the
Raised Panel Full Height Spandrel Section for Vancouver, BC

Thermal Evaluation of Starline 9200 Series Window Wall System EV KE
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Temperature Indices for Raised Panel Starline 9200 System: Full Height Spandrel
Inboard Insulation
Nominal R-Value

Scenario f2 hr oF Bt
re u
T T T T T
(m2 OK/W) 1 2 3 4 5
R-0.0 (0.00) 088 | 084 | 081 | 080 | 0.79
R-4.2 (0.74) 086 | 078 | 0.81 | 061 | 0.60
R-5.6 (0.99) 085 | 077 | 080 | 058 | 056
R-8.4 (1.48) 085 | 075 | 079 | 052 | 050
R-11.2 (1.97) 084 | 073 | 078 | 048 | 045

Condensation Risk Analysis for Raised Panel Starline 9200 System: Full Height Spandrel
for Vancouver

Temperature Location

Inboard T
Insula.tlon g E g E E g E g E
Nominal = = = =
] ©| E ©| E € ©| E ©| E
Scenario R-Value 5| 3 5| 3 S 5| 3 5| 3
a E =2 = E =2 = a =
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T C| % | °C % | °C | % | °C
R-0.0 (0.00) | 175 |80% | 165 | 75% | 15.6 | 71% | 15.3 | 70% | 15.2 | 69%
R-4.2 (0.74) | 17.0 | 78% | 14.9 | 68% | 155 | 71% | 102 |50% | 9.8 | 49%
R-5.6 (0.99)|16.8 | 77% | 14.6 | 67% | 155 | 71% | 9.2 | 47% | 8.7 | 45%
R-8.4 (148) | 16.8 | 77% | 14.0 | 64% | 151 |69% | 75 |42% | 71 | 41%
R-1.2 (1.97) | 16.4 | 75% | 135 | 62% | 14.8 |68% | 65 |39% | 56 | 37%
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Condensation Risk Analysis for Baseline Starline 9200 System: Full Height Spandrel for
Edmonton

Temperature Location

Inboard T
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ft2 hr °F/Btu . o o o . o o o
) C| % |°C| % |°C| % |°C| % %
R-0.0 (0.00) | 14.6 | 67% | 127 |59% | M1 |53% |10.6 | 51% | 10.3 | 51%
R-4.2 (0.74) | 13.6 | 63% | 9.85|49% | M1 |53% | 133 | 27% | 0.55 | 26%
R-5.6 (0.99) | 134 | 62% | 9.36 | 47% | 10.9 | 53% | -0.4 | 24% | -1.4 | 22%
R-8.4(1.48) | 13.3 | 61% | 8.25 | 44% | 10.3 | 50% | -3.6 | 18% | -4.3 | 17%
R-12(1.97) | 127 |59% | 7.25 | 41% | 9.74 | 49% | -5.4 | 16% | -7 | 14%

We believe that this report meets your objectives for the thermal evaluation of the Starline 9200
series window wall system. Please do not hesitate to contact us with any questions regarding this

evaluation.

Evoke Buildings Engineering Inc.
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Detail Drawings and
Datasheets
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Simulation Assumptions and
Material Properties
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Steady-state simulations were utilized for the thermal evaluation outlined in this report with the
following assumptions:

1. Material properties were taken from the 2017 ASHARE Handbook — Fundamentals for common
materials and information provided by Starline Windows.

2. Enclosed air spaces were modelled with an equivalent thermal conductivity of the air that
includes the impacts of convection and radiation within the enclosure. Calculations for this
equivalent conductivity are based on ISO 10077.

3. Interior/exterior air films were taken from Table 10, p. 26.21 of 2017 ASHRAE Handbook —
Fundamentals depending on surface orientation. The exterior air films were based on an
exterior windspeed of 6.7 m/s.

4. Interior glazing surface air films were modelled with separate radiation and convection
coefficients to the interior with a view factor of 1.

5. Insulation and other components were considered tight to adjacent interfaces.

6. Forthe condensation risk evaluation, the exterior temperature was taken from 2020 NECB
2.5% January Design Condition.

The temperature index is the ratio of the surface temperature relative to the interior and exterior
temperatures. The temperature index has a value between 0 and 1, where 0 is the exterior
temperature and 1is the interior temperature per the following equation:

_ Tsuface outside

i
Tinside - Toutside

This formula can be rearranged for Tsurace to determine the surface temperatures for any climate
once the temperature index is known for a critical location to evaluate the condensation risk. The
temperature indices shown in the temperature profiles in Appendix C are for general information
and not intended to predict in-service temperatures subject to transient conditions, variable
heating systems, and/or obstructions that restrict heat getting to the wall system. Refer to ASHRAE
1365-RP for a full discussion on the limitations of using steady-state temperature indices for
evaluating condensation risk.
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Boundary Conditions

Heat Transfer Coefficient
Btu/ft? hroF (W/m?2K)
Radiation Directly Simulated

Boundary Condition

4.6 (26)
038 (2.2)
053 (3)
Combined Convective and Radiative Coefficient
6 (34)
11(60)
16 (9.3)
15 (8.3)

Material Properties

Thermal Conductivity
Component Material

Btu - in/ft2- hroF (W/m K)

Clear glass 6.9 (1.0)
Warm edge spacer 21(0.31)
Silicone 2.4 (0.35)
Santoprene 1.0 (0.14)
Buty! 1.7 (0.24)
Aluminum 1Mo (160)
Polyamide (Nylon) 1.7 (0.25)
Silicone 2.4 (0.35)
Mineral wool (R-4.2/in) 0.24 (0.034)
Galvanized steel 430 (62)
Back-up Wall and Floor
Gypsum 11(0.16)
Air Varies per ISO 10077-2
Galvanized steel 430 (62)
Wood 0.69 (0.10)
Concrete 12.5 (1.8)
Mineral wool (R-4.2/in) 0.24 (0.034)
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Temperature Profiles and
Window sill-to-Spandrel Transmittances
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Linear transmittances for the window sill-to-spandrel interface are presented in tables Cl and C2.
The window sill-to-spandrel linear transmittances can be utilized to estimate the clear field spandrel
for other upstand spandrel heights. The spandrel clear field for determining the window sill-to-
spandrel is the horizontal 2D section through the spandrel section.

Window Sill-to-Spandrel Linear Transmittances for Baseline Starline 9200 System
Sill Linear
Transmittance

Inboard Insulation Spandrel Clear Field

Nominal R-Value ‘

ft2 hr °F/Btu
(m2oK/w)

Usi
ft2 hr °F/Btu
(m2k/w)

Rsill
Btu/ft2 hr °F
(W/m?2K)

Wsin
Btu/h ft °F
(W/m °K)

R-0.0 (0.00) 0.078 (0.441) 12.9 (2.27) 0.013 (0.022)
R-4.2 (0.74) 0.058 (0.329) 17.2 (3.04) 0.026 (0.045)
R-5.6 (0.99) 0.054 (0.305) 18.6 (3.28) 0.029 (0.051)
R-8.4 (1.48) 0.047 (0.264) 215 (3.78) 0.038 (0.065)
R-1.2 (1.97) 0.041 (0.234) 24.2(4.27) 0.041 (0.070)

Inboard Insulation
Nominal R-Value

ft2 hr °F/Btu
(m2oKk/w)

Window Sill-to-Spandrel Linear Transmittances for Raised Panel Starline 9200 System

Spandrel Clear Field

Usii
ft2 hr °F/Btu
(m2k/w)

Resill

Btu/ft2 hr °F

(W/m2K)

Sill Linear

Transmittance

Wsi
Btu/h ft °F
(W/m °K)

R-0.0 (0.00) 0.061 (0.345) 16.4 (2.90) 0.015 (0.027)
R-4.2 (0.74) 0.048 (0.271) 21.0 (3.69) 0.023 (0.040)
R-5.6 (0.99) 0.045 (0.256) 222 (3.91) 0.025 (0.043)
R-8.4 (148) 0.040 (0.226) 251 (4.42) 0.030 (0.051)
R-11.2 (1.97) 0.037 (0.209) 27.1(4.78) 0.033 (0.057)

The following figures illustrate the temperature distribution for the evaluated wall assembly. The
profiles are presented as a temperature index (between 0 and 1). See Appendix B for more
discussion on Temperature Index.
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Table C1. Temperature Profile of Starline 9200 System: Baseline Upstand Spandrel Section
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Table C2. Temperature Profile of Starline 9200 System: Baseline Full Height Spandrel Section
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Table C3. Temperature Profile of Starline 9200 System: Raised Panel Upstand Spandrel Section
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Table C4. Temperature Profile of Starline 9200 System: Raised Panel Full Height Spandrel Section
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