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Summary

In 2012 the NRC-Construction initiated a project on the “High Performance Walls and Roofing
Technologies Next Generation Technologies R&D — Building Envelopes”. Partnership and funding for
the project was obtained from NRCan (Housing and Buildings /Sustainable Building and Communities
CANMET / Group) under the Program of Energy Research and Development (PERD).

In commercial buildings, curtain wall systems often cover a significant part of the building envelope, and
therefore their impact on the overall thermal performance of the building is important. In order to evaluate,
compare and improve curtain wall designs, one requires insights to the different calculation and evaluation
methods, and as well, knowledge of the state-of-the-art in thermal optimization of curtain walls.

The overall objective of this project was to improve the thermal efficiency of commercial building
envelopes. This was achieved by using different approaches to improve the overall effective R-values of
the curtain wall systems.

The project consisted of a number of Tasks in which curtain walls were evaluated, compared and
suggestions made for improvement to the thermal performance of such systems, and include:

Task 1: Literature review on Curtain Walls

Task 2: Curtain Walls and National Energy Code for Buildings 2011

Task 3: Thermal Optimization in Curtain Walls: Part I - Modelling

Task 4: Thermal Performance Testing of a Curtain Wall Panel

Task 5: Benchmarking the Thermal Performance of a Curtain Wall Panel through Simulation
Task 6: Development of Guidelines for the Selection of Curtain Wall Components

O O O O O O

This report focuses on Task 4: Thermal Performance Testing of a Curtain Wall Panel. The full-scale
testing of a thermally broken, double-glazed, commercially available, curtain wall system was carried out
at test laboratories of CLEB Building Sciences, located in Varennes (QC) in collaboration with this
company and with the oversight of Mr. Mario Goncalves. A curtain wall system was supplied by a
Canadian manufacturer Epsylon Concept, Inc. of Quebec City (QC).

Accordingly, in this report a description of the experimental work required to test the thermal
performance of the curtain wall system is provided. Details are provided on the test specimen, test
method and instrumentation of tests. Full-scale testing determined the thermal transmittance of a
thermally broken, double-glazed, commercially available, curtain wall assembly using a guarded hot box
test facility and in accordance with standard industry methods for assessing thermal performance of
curtain wall assemblies.

The test results indicated that this double-glazed, thermally-broken curtain wall system had an effective
thermal transmittance (U-value) of 1.7 W/(mz-K), thermal resistance of 0.42 (m2°C)/W, and
R-value 0.59 (m” * K)/W.
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High Performance Roofing and Walls Technologies

Task 4 — Thermal Performance Testing of a Curtain Wall Panel

Final Report Task 4

Michael A. Lacasse, Hamed H. Saber and W. Maref

1. Background

In this report, experimental work is described in which the thermal performance of a typical thermally
broken North-American curtain wall (CW) assembly, as provided by a local manufacturer, was evaluated
in accordance with prescribed industry test methods. The curtain wall assembly incorporated double-
glazed insulated glass units (IGU) and used a typical spandrel panel section design. The intent of
undertaking such work was to obtain the thermal response of the CW unit in sufficient detail to permit
benchmarking the thermal performance to that subsequently obtained through simulation. The results
from simulation would later inform on the expected gains in thermal performance of the assembly as
might be derived from improvements in the U-value of, for example, the IGU (center of glazing), IGU
spacer (edge of glazing), spandrel panel, CW frame or as might be achieved through variations in the ratio
of the vision glass to opaque portion of the CW. This later work on simulation is described in a
companion report for Task 5, entitled: “Thermal performance modelling of selected curtain wall
assemblies”.

2. Objective

The objective of this ask was to undertake the thermal performance assessment of a curtain wall assembly
in accordance with established industry standards, and from which the thermal response of the assembly
could be used to benchmark NRC’s simulation model, hygIRC-C".

3. Experimental Approach and Description

3.1 Approach

The thermal performance of a locally obtained, commercially available, curtain wall assembly” was
determined on the basis of testing in accordance with NFRC 100°, specifically

: hygIRC-C — Comsol Multiphysics package

2 High performance, thermally broken, curtain wall system

* NFRC 100-2014,2014, Procedure for Determining Fenestration Product U-Factors, National Fenestration Rating
Council, Inc., Greenbelt, MD, 2013

REPORT A1-002844.04 1 N3C -CN\N3C
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ASTM C1363- Standard Test Method for Thermal Performance of Building Materials and Envelope
Assemblies by Means of a Hot Box Apparatus® and ASTM C1199 - Standard Test Method for Measuring
the Steady-State Thermal Transmittance of Fenestration Systems Using Hot Box Methods’. A description
of the test facility, test method, and test specimen, including instrumentation and calibration, is provided
in the subsequent sections.

3.2 Descriptions of test facility, methods, and specimen
3.2.1 Description of Test Facility

A “Guarded hot box” (GHB) test facility was used for the determination of the thermal transmittance of a
typical curtain wall panel section; a schematic of the notional test facility is shown in Figure 1.

Generally described, the facility consists of a cold chamber and hot (warm) chamber between which is
installed a wall test specimen that is mounted into an opening in the cold chamber. The periphery of the
test specimen is sealed tight to the mask (surround panel) of the test frame to prevent movement of air
across the specimen. A calorimeter (heat source and metering box) is attached to the specimen within the
warm-side chamber and positioned against the specimen frame; it is used to measure heat flow through the
specimen. A temperature difference is created across the test specimen over a specified period of time
such that a steady state heat transfer through the specimen is maintained and from which heat loss
measurements can be taken. During a steady state test, the calorimeter air temperature is maintained
constant at the prescribed test temperature conditions and the power necessary to maintain this condition is
continuously monitored and thereafter equated to the heat loss through the test specimen. The estimated
heat flow across the test specimen can be measured by the calorimeter to an accuracy of + 3% in respect to
opaque wall specimens and to = 6% in regard to a window or door specimens.

3.2.2 Test method for assessing thermal performance

The test method used to assess the thermal performance of the CW assembly is described in standards
ASTM C1363 and ASTM C1199, a summary of which is provided here.

The test specimen is installed in a GHB test facility (Figure 1) and thermocouples are installed to either
face of the specimen. Thereafter, the calorimeter is mounted to the warm side of the specimen, the warm
and cold side chambers brought together, and a temperature difference (e.g. 40°C) across the wall is
created through the cooling within the cold side chamber (e.g. -20°C) whilst the warm side chamber is
maintained at a prescribed temperature (e.g. 20°C).

* ASTM C1363 - 11 Standard Test Method for Thermal Performance of Building Materials and Envelope Assemblies by
Means of a Hot Box Apparatus; ASTM International, ASTM International, West Conshohocken, PA, USA; 44 p.;
DOI: 10.1520/C0033-03, www.astm.org.

> ASTM Standard C1199-14, 2014, Standard Test Method for Measuring the Steady-State Thermal Transmittance of
Fenestration Systems Using Hot Box Methods, ASTM International, West Conshohocken, PA, 2011, DOI:
10.1520/C0033-03, www.astm.org.
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Figure 1 —Notional schematic of a “Guarded hot box” test facility to determine the thermal
resistance of wall assemblies (Vertical Section)

After steady state temperature has been achieved continuously over a period of 6 hours, measurements
are taken over the subsequent 2 hours to determine values for:

e Heat flow rate, specifically, from the heater, fan, thermopile and surround panel; measurements
for heat flow, were recorded every minute over the measurement period to + 0.01 W;

o The average steady state temperatures of the air (grid), respectively, of the warm side, t;, and cold
side chambers, t;;; measurements of temperature from the respective thermocouples were
recorded every minute over the measurement period.

e The average steady state temperatures of the area weighted values for the warm side (room), t;
and cold side t5.

Knowing the area of the test specimen, A, the area of the surround panel, Ay, one can calculate the net

sp»
test specimen heat loss, Q4 (W) according to the following relation:

Qs = Qneater T+ Qfan + chermopile - Qsp (W]

Where Q) is the heat flow of the surround panel, and is related to the area and conductance of the

surround panel, Agy,, and the temperature difference across the panel, for which:
Qsp — AspCspAt = 0 (W]

Where Agy, is the area of the surround panel® [m?], C sp the conductance [W/ (m2C)] and At, the

temperature difference [°C] across the panel.

The interior film heat transfer coefficient is the following:

hy = Qs/As (t; — t1)  [W/(m?K)]

6 A= (12-ft. x 12-ft. x 0.093m?/ft’) - A, (exterior of test specimen)

REPORT A1-002844.04 3 Mc - cmc
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Where Aq is the area of the test specimen (m?), t; and t;, respectively, the average steady state warm side
(interior) and weighted room side temperatures (°C) of the test specimen.

Whereas the exterior film heat transfer coefficient is:

hyy = Qs/As (t, — ty) [W/(m?K)]

Where t, and t;;, are, respectively, the average steady state weighted weather side (exterior) and cold side
temperatures (°C) of the test specimen.

The test specimen conductance, C;, is given as:

Cs = Qs/As (t1 — t2) [W/(mZC)]

From which the thermal transmittance the U-value, of the test specimen can be determined based on this
relationship:

Us = 1/[1/C) + A/h) + (1/h)] W/ (m?K)]

3.2.3 Description of Test Specimen

3.2.3.1 - Detailed specimen configuration
Detailed elevation and sectional drawings are provided in Figure 2 to Figure 4 ’. In Figure 2 is shown an
elevation, and horizontal and vertical sectional drawings of the curtain wall test specimen.

As can be seen in this figure, the curtain wall assembly consisted of three equal size opaque panels, each
conventionally insulated and superimposed over three vision panels of the same width. The overall test
specimen area, A , was 13.37 m”. The glazed area, Ay, was ca. 8.29 m’, the opaque panel area, A, , ca.
3.88 m?, and the frame area, Af,ca. 1.37 m’. As such, the proportion of vision glass to the overall wall
area (Ag /As ) was ca. 62 %; the frame to wall area, (As /A ) ca. 10%, and; the vision to opaque panel
ratio (A4 /A, ) was estimated to be ca. 2.14. The perimeter length of glazing was 20.97 m and that of the
opaque panels, ca. 13.64 m.

The vision panel was comprised of a double-glazed insulated glass unit (IGU), a metal spacer, the IGU
cavity being filled with argon gas, and surface 2 of the IGU had a low-e coating (Guardian AGS;
SunGuard high performance low-e coated glass; emissivity = 0.057). The light transmission and thermal
performance properties of the IGU are given in Table 1; this information was provided by the curtain wall
manufacturer, a copy of which is provided in the Appendix, together with information on the performance
attributes of the low-e glass.

" All drawings were provided by the curtain wall manufacturer (Epsylon Concept).
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Figure 2 — Elevation and sectional drawings of curtain wall test specimen

Table 1 — Thermal and light transmission performance properties of double-glazed IGU

S Reflected Relative
0,
Insulated Glass Unit | U-value | R-value Transmission () | isiple light (%) heat gain
Description Btu/heft2e°F | heft2e°F/Btu Vigible Total . . Shadilng Btu/h-ft2
light | Solar| UV |Exterior| Interior | coefficient | SHGC

6 mm AG 50 (surface 2) +
13.39 spacer; argongas +|  0.25 4.0 50 28 | 26 28 18 0.38 0.33 80
6 mm clear glass
REPORT A1-002844.04 5 N3C -CN\N3C
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Horizontal sectional drawings of the anodized aluminum curtain wall mullion and corresponding photos
are given in Figure 3 and Figure 4; in Figure 3 is shown the sectional drawing across the vision panel
whereas in Figure 4, the same for the opaque panel. The different curtain wall components are given in
the respective sectional views; a polyimide compound was used as thermal break. The opaque panels are
insulated with mineral wool to the depth of the mullion.

64
= MULLION - ANODIZED
ALUMINUM
- MULLION - ANODIZED

ALUMINUM
MEMBRANE GASKET

STRUCTURAL SILICONE
SEALANT

GASKET

- GASKET

PRESSURE PLATE
CAP

Figure 3 — Sectional drawing of curtain wall mullion (Section No. 002/02 of Fig 1);
Photo showing end portion of horizontal section.
STEEL BACK PAN

INSULAITON — ROXUL
CURTAIN ROCK

I : l\ I
w=pll il
— e o A — — — — — — — —

'\ STRUCTURAL SILICONE
SEALANT

GASKET

22

ﬁ 4

N

LE]

Figure 4 — Sectional drawing of cuftain wall mﬁllion at opaque panel (Section No. 002/02 of Fig 1)
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3.2.3.2 - Instrumentation

Two sets of 47 thermocouples were installed, respectively on the interior and exterior faces of the test
specimen. The location of the sensors on the exterior of the test specimens are shown in Figure 5 and on the
interior of the specimen in Figure 6. The thermocouples were capable of measuring temperature to + 0.1 °C.

L L L
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Figure 5 — Location of thermocouples (1-47) on “exterior” of curtain wall assembly
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7 ///

Figure 6 — Location of thermocouples (1-47) on “interior” of curtain wall assembly

4. Results

4.1 Results derived from testing

The results derived from testing the curtain wall assembly in the guarded hot box test facility to determine
the U-value of the assembly are given in Figure 7 and Figure 8, and in Table 2. The results of
thermocouples (TC) measurements (1-47) for the “exterior” of the curtain wall assembly are provided in
Figure 7 and in Figure 8 are measurements obtained from TCs for the “interior” of the curtain wall
assembly; for either side, the measurements reported are the average steady state temperatures at the TC
locations for the respective sides of the curtain wall.
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Figure 7 — Results of thermocouples measurements (1-47) for “exterior” of curtain wall assembly
and showing average steady state temperatures are given locations

Results from the “exterior” side of the CW are provided in Figure 7. Portions of the CW exposed to a
cold side temperature (-18 °C) would normally be expected, once steady state conditions had been
attained, to all somewhat coincide to that of the average cold side temperature for the respective
components (i.e., vision glass; opaque panel; frame). A review of the average steady state values for
temperatures of the different locations on the wall suggests that there are nonetheless some discrepancies
amongst the values reported in Figure 7. For example, the differences in temperature between TC 42
(-13.5 °C) and TC 44 (-17.4 °C) was ~ 3.9 °C; this is unexpected. Another perhaps not as significant
result is the temperature difference between TC 29 (-15.8 °C) and TC 41 (-14.4 °C) which is ~ 1.4 °C.

A review of results from the “interior” side of the CW, as provided in Figure 6, provide at least a single
discrepancy in the reported average steady state values for temperatures; specifically, for TC 41, (-6.0 °C).
This value is lower that might be expected. The remaining values for surface temperatures appear to be
reasonably consistent with what might be expected.
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Figure 8 — Results of thermocouples measurements (1-47) for “interior” of curtain wall assembly
and showing average steady state temperatures are given locations

The information provide in Table 2 includes all basic information required to determine the area weighted
U-value, or thermal transmittance of the curtain wall assembly in W/(m**K) as well as Btu/(hrsft*s°F ). As
well, the value for thermal resistance [(m?*C)/W] and the R-value [(m?*K)/W] are also provided, both in

SI and B.I. units.

The thermal transmittance (U-value) of the double-glazed thermally-broken curtain wall panel was
1.7 W/(m®*K), the thermal resistance 0.42 (m’**C)/W, and the R-value 0.59 (m’**K)/W.
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Table 2 — Test Results & Calculated U-value for curtain wall assembly

Val Val
Parameter a(ggs (?n?:)s
Temperature of warm side air (t) 21.09 °C
Temperature of cold side air,( t;) -17.99 °C
Average Area Weighted Room Side Surface Temp. (°C) t; 13.16 °C
Average Weather Side Area Weighted Surface Temp. (°C) :t, -14.54 °C
Net Specimen Heat Loss : Qg = QueatertQsantQihermopile-Qsp 888.56 W
Surround Panel Heat Flow ; Qg,-Ap*Cp* At 0.00 W
Area of the sample (exterior) 13.38 m’
Area of the surround panel: A, = (12-ft. x 12-ft. x 0.093 mz/ftz) - A, 0.00 m*
Interior test film: h, = Qy/A(t,-t1) 8.37W/(m>*K) | 1.47 Btu/ft’e°Fehr
Exterior test film: hy= Qu/A,(t,-t) 19.25W /(m* ¢ K) | 3.39 Btu/ ft’e°Fehr
Conductance of the sample: C;= Q./A*(t;-t) 2.40 W/(m®*C) | 0.42 Btu/ ft’s°Fehr
U-value of the sample: U= 1/[(1/C,)+(1/h)+(1/hy)] 1.70 W/(m® *K) | 0.30 Btu / ft’«°Fehr
Thermal resistance =1/ C, 0.42(m°*C)/W | 2.4ft’°Fehr/Btu
R-value = 1/ U, 0.59 (m>*K)/W | 3.3 ft’°Fehr/Btu

5. Summary

The full-scale testing to determine the thermal transmittance of a thermally broken, double-glazed,
commercially available, curtain wall system was completed in a guarded hot box test facility using
standard industry methods for assessing thermal performance of curtain wall assemblies.

The curtain wall assembly consisted of three equal size opaque panels, each conventionally insulated and
superimposed over three vision panels of the width; the double glazed vison panels were argon filled and
low-e coated (surface 2). The proportion of vision glass to the overall wall area was ca. 62 % and that of
the frame to the wall area, ca. 10%. The vison to opaque panel ratio was estimated to be 2.14.

The test results indicate that this double-glazed, thermally-broken curtain wall system had an effective
thermal transmittance (U-value) of 1.7 W/(m?*K), thermal resistance of 0.42 (m**C)/W, and
R-value 0.59 (m® * K)/W.
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APPENDIX

= v MULTIVER

Tl focal | 47888797 M
Cudies 1 1000 4632573
Montréal : 1.800 4522019
Famx - 410687 D4

Cauried ; inFafulivar.on
wwrw.multivar.ca

Le savoir-faire de l'industrie du verre

PERFORMANCE DES UNITES SCELLEES SELON LE LOGICIEL WINDOW 6.3 DE LBNL

A l'atiention de Danny Tremblay

Valeur | Valeur Transmislon % Rédlexion lom. Caeff. | Gain
e Vidbise Coeft. | Gain de | relatif de
Deseription de Punité | pey . h-pP- | Lumiére | Solaire _::'ﬂ: Dassomb. § chaleur | chalenr
PP°F | *F/Btu | visible | Totale | (SR | Extériear [ Intérieur solaire | Brum-pi
& mm ACG50 (face 7) +
13.39 yim argon+
8 mm clair
0,249 40 49,7 273 41,1 278 18,2 037 0,33 T8
6 mm AGS0 (face 23+
13.39 mm argonr+
6 man clair
4 0,250 40 50,2 28,1 41,8 18 184 038 0,33 78,1

*

& mm clainPVB
0.060"6 mmAGS0
{Face 4 laminé}+-
9,42 mm argon+

firnm elair 248 | 319 26,6 18,4 0,36 031 75,0

PROJET : Deloitte Tower

Figure 9 — Performance of IGU: information supplied curtain wall manufacturer; glazing
manufacturer: “Multiver”
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Figure 10 — Performance attributes of Guardian AG50 low-e glass
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TASK 3 — THERMAL OPTIMIZATION IN CURTAIN WALL DESIGN

Table 3 — Average temperature measurements for respective interior & exterior locations (1-47) of
curtain wall assembly

Average Temperature Interior Average Temperature Exterior
Channel #  Temperature °C Temperature °F Channel #  Temperature °C Temperature °F
1 10.2 °C 50.37 °F 1 -14.3 °C 6.30 °F
2 11.2 °C 52.14 °F 2 -14.7 °C 5.54 °F
3 10.9 °C 51.64 °F 3 -14.1 °C 6.67 °F
4 6.4 °C 43.50 °F 4 -15.3 °C 4.48 °F
5 6.5 °C 43.67 °F 5 -15.6 °C 4.00 °F
6 5.9 °C 42.60 °F 6 -14.1 °C 6.65 °F
7 11.5 °C 52.67 °F 7 -13.6 °C 7.51 °F
8 10.2 °C 50.30 °F 8 -13.9 °C 7.04 °F
9 11.1 °C 51.96 °F 9 -13.8 °C 7.08 °F
10 10.2 °C 50.43 °F 10 -14.1 °C 6.55 °F
11 13.7 °C 56.62 °F 11 -14.1 °C 6.67 °F
12 10.8 °C 51.48 °F 12 -13.5 °C 7.61 °F
13 10.3 °C 50.59 °F 13 -14.5 °C 5.90 °F
14 9.9 °C 49.88 °F 14 -12.7 °C 9.10 °F
15 13.5 °C 56.38 °F 15 -14.0 °C 6.86 °F
16 10.2 °C 50.29 °F 16 -14.1 °C 6.62 °F
17 10.7 °C 51.21 °F 17 -13.6 °C 7.48 °F
18 9.7 °C 49.40 °F 18 -13.9 °C 7.02 °F
19 11.6 °C 52.91 °F 19 -13.2 °C 8.17 °F
20 12.3 °C 54.15 °F 20 -8.7 °C 16.36 °F
21 12.5 °C 54.45 °F 21 -9.9 °C 14.26 °F
22 12.6 °C 54.66 °F 22 -10.2 °C 13.69 °F
23 133 °C 55.94 °F 23 -13.8 °C 7.12 °F
24 13.1 °C 55.63 °F 24 -13.6 °C 7.52 °F
25 13.9 °C 57.01 °F 25 -14.4 °C 6.06 °F
26 18.0 °C 64.38 °F 26 -14.2 °C 6.53 °F
27 17.2 °C 63.04 °F 27 -14.6 °C 5.77 °F
28 17.4 °C 63.36 °F 28 -15.4 °C 4.26 °F
29 13.2 °C 55.70 °F 29 -15.8 °C 3.54 °F
30 16.7 °C 62.12 °F 30 -15.6 °C 4.00 °F
31 20.6 °C 69.02 °F 31 -16.6 °C 2.04 °F
32 16.2 °C 61.21 °F 32 -13.6 °C 7.45 °F
33 12.3 °C 54.10 °F 33 -13.8 °C 7.09 °F
34 15.6 °C 60.11 °F 34 -15.8 °C 3.56 °F
35 19.8 °C 67.60 °F 35 -16.5 °C 2.30 °F
36 12.4 °C 54.28 °F 36 -17.7 °C 0.12 °F
37 12.4 °C 54.28 °F 37 -14.4 °C 6.07 °F
38 16.0 °C 60.73 °F 38 -14.8 °C 5.35 °F
39 20.0 °C 67.96 °F 39 -16.7 °C 1.92 °F
40 11.0 °C 51.87 °F 40 -14.7 °C 5.52 °F
41 6.0 °C 42.73 °F 41 -14.4 °C 6.04 °F
42 18.1 °C 64.67 °F 42 -13.5 °C 7.78 °F
43 18.4 °C 65.18 °F 43 -13.0 °C 8.56 °F
44 17.3 °C 63.23 °F 44 -17.4 °C 0.75 °F
45 14.0 °C 57.24 °F 45 -13.8 °C 7.25 °F
46 15.7 °C 60.29 °F 46 -13.5 °C 7.73 °F
47 13.7 °C 56.69 °F 47 -14.9 °C 5.26 °F
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Table 4 — Assigned contributory area (mm” & m?) for respective interior & exterior thermocouple
locations (1-47) of curtain wall assembly

Channel# Areamm
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Sum
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Interior
2
205098
205098
205098
67977
67977
67977
451878
143605
2213386
143605
717240
143605
2213386
143605
717240
143605
2213386
143605
451878
67977
67977
67977
226167
226167
226167
68040
68040
68040
74496
65818
980784
65818
74496
65818
980784
65818
74496
65818
980784
65818
74496
68040
68040
68040
73557
73557
73557

15805835

Aream?

0.21
0.21
0.21
0.07
0.07
0.07
0.45
0.14
2.21
0.14
0.72
0.14
2.21
0.14
0.72
0.14
2.21
0.14
0.45
0.07
0.07
0.07
0.23
0.23
0.23
0.07
0.07
0.07
0.07
0.07
0.98
0.07
0.07
0.07
0.98
0.07
0.07
0.07
0.98
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07

15.81
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Exterior
Area mm?
106242
106242
106242
68231
68231
68231
189546
144177
2231277
144177
185289
144177
2231277
144177
185289
144177
2231277
144177
189546
68231
68231
68231
154908
154908
154908
68231
68231
68231
107635
65564
979659
65564
157035
65564
979659
65564
157035
65564
979659
65564
107635
68231
68231
68231
106242
106242
106242

14091205

Aream?
0.11
0.11
0.11
0.07
0.07
0.07
0.19
0.14
2.23
0.14
0.19
0.14
2.23
0.14
0.19
0.14
2.23
0.14
0.19
0.07
0.07
0.07
0.15
0.15
0.15
0.07
0.07
0.07
0.11
0.07
0.98
0.07
0.16
0.07
0.98
0.07
0.16
0.07
0.98
0.07
0.11
0.07
0.07
0.07
0.11
0.11
0.11

14.09
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Table 5 —Surface temperatures and corresponding assigned areas for respective interior & exterior
thermocouple locations (1-47) of curtain wall assembly

SURFACE TEMPERATURE MEASUREMENTS AND AREA INFORMATION

Thermocouple
Channel #

W 00 N O U WN B
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Individual Average
Surface Temperatures (°C)

Room Side
10.21
11.19
10.91
6.39
6.48
5.89
11.49
10.17
11.09
10.24
13.68
10.82
10.33
9.93
13.55
10.16
10.67
9.66
11.61
12.31
12.47
12.59
13.30
13.13
13.89
17.99
17.24
17.42
13.17
16.73
20.57
16.23
12.28
15.62
19.78
12.38
12.38
15.96
19.98
11.04

5.96
18.15
18.43
17.35
14.02
15.72
13.72

Weather Side
-14.28
-14.70
-14.07
-15.29
-15.56
-14.08
-13.60
-13.86
-13.85
-14.14
-14.07
-13.55
-14.50
-12.72
-13.96
-14.10
-13.62
-13.88
-13.24

-8.69
-9.85
-10.17
-13.82
-13.60
-14.41
-14.15
-14.57
-15.41
-15.81
-15.55
-16.64
-13.64
-13.84
-15.80
-16.50
-17.71
-14.41
-14.81
-16.71
-14.71
-14.42
-13.46
-13.02
-17.36
-13.75
-13.49
-14.86
Total Area:

Assigned Areas per
Thermocouple Location (m?)
Weather Side

Room Side
0.21
0.21
0.21
0.07
0.07
0.07
0.45
0.14
2.21
0.14
0.72
0.14
2.21
0.14
0.72
0.14
2.21
0.14
0.45
0.07
0.07
0.07
0.23
0.23
0.23
0.07
0.07
0.07
0.07
0.07
0.98
0.07
0.07
0.07
0.98
0.07
0.07
0.07
0.98
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
15.81

Average Room Side Area Weighted Surface Temperature (°C) :
Average Weather Side Area Weighted Surface Temperature (°C) :
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0.11
0.11
0.11
0.07
0.07
0.07
0.19
0.14
2.23
0.14
0.19
0.14
2.23
0.14
0.19
0.14
2.23
0.14
0.19
0.07
0.07
0.07
0.15
0.15
0.15
0.07
0.07
0.07
0.11
0.07
0.98
0.07
0.16
0.07
0.98
0.07
0.16
0.07
0.98
0.07
0.11
0.07
0.07
0.07
0.11
0.11
0.11
14.09
13.16
-14.54
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