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ces calculs que Ia mesure de I'énergie sur l'eau

» présente plusieurs particularités :

1 Llype de compleur d'énergie esl imporlante si I'on

\s extrémes (mauvasis choix du matériel),

nérale, les erreurs commises reslentl inférieures & 5%
peuvent varier sensiblement suivant l'emplacement des
, 1= wwps de réponse A In montée en températlure des sondes
sure “chaude’, les caracléristiques dynamiques du compleur
leslé et bien sOr suivant le profil de soulirage réel.

-m = TN

TOVE L

5. Conclusion générale

ir de ces essais el des simulalions complémenlaires que nous
menées, nous avons la poasibilité d’établir un certain nombre
tlen d'utilisation de ces appareils en régime transitoire.

;8 amples précisiona sont disponibles en /4/.

vient de prendre garde & P'utilisation de ces appareils pour
tréle des installations a forte dynamique.

I'srreur due a linertie des sondes ou A& la réponse du

eur d'eau  est-ells prépondérante  pour la meaure de la
mmation en eau chaude sanilaire. De méme dans les applications
8 déphasage el 3 dynamique moyenne (capteur solaire,
liare) V'emplacement der sondes ainsi que la aymétrie de leur
se peut 8&tre plus importante que leur inertie propre. Dans
les cas le bon calibrage du débitmetre est également un
ir important, ceux-ci ayenl généralement de trds mauvaises
rmances en régime dynamique en degca de 10% de la pleine
le.
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FIELD MEASUREMENT OF HEAT FLOW THROUGH WINDOWS

M. E. McCabe
National Bureau of Standards
Gaithersburg, MD, 20899, USA

1. Intyoduction

. Estimation of the performance of such fenestration products as
windows, glass patio doors, and skylights, particularly as they affect
energy use in buildings, commonly invelves the ca lculation of the rate
of heat transfer using heat transfer data such as thermal transmittance
(U-value). Manufacturers have usually tested their products in the
laboratory at standard winter design conditions by one of the following
hot box techniques: the AAMA test method (1), the ASTH C236 Guarded Hot
Box method (2), or the ASTM C976 Calibrated Hot Box method (3). The
differences ond the similarities between each of these test methods have
been described by Goss (4).

. Laboratory test results have shown the thermal performance of
windows to have greater sensitivity to climatic variables such as air
temperature and wind velocity then anticipated (5). Therefore, window
munuf_ac.turers’ performance data based on testing done at winter design
conditions may not be directly applicable for estimating energy
performance over a heating and/or cooling season. These concerns
suggesat that an alternative method for eva luating thermal performance of
competing window designs is by long-term, side-by-side testing in the
field, with controlled interior temperatures.

In measuring the thermal performance of alternative fenestration
[froducts in the field, it is important that each product be tested under
identical conditions, due to the sensitivity of the performance to
prevalent ¢limatic conditions. For windows, this implies side-by-side
testing of the same size windows located on the same building wall at
the same elevation and exposed to the same environments of solar and
long-wave radiation, temperature, and wind. Another consideration in
comparative ficld teating of windows is the measurcment of air leakape,
since it is desired to determine the performance difference between
different glazing units, independent of air leakage effects.

2. Description of test im nd test tu

) The upper and lower sash and glazing units of the existing north-
facing double-hung windows in a National Bureau of Standards (NBS) test
b!.-l:i..ldil'lg were replaced with new sash and glazing units, which were
szmr.lar in construction to the original units, except that one of the
windows, was manufactured with a low-emittance coating and the other
window wns uncoated. The insulating plass units were filled with dry
ai.r and were constructed of clear secaled glass, 3 mm thick with an 11 mm
air space. The clear low-emittance coating was applied by the glass




Ei

262

face of the inner pane of glass
The nominal window dimensions,
914 mm wide by 1150 mm high, with
825 mm wide by 508 mm high,

manufacturer to the outward facing sur
using a vacuum deposition technique.
based on the interior opening, were
each glazing unit having a transparent area
giving a glass fraction of 80.0%.

The window manufacturer provided copies of laboratory test reports
for both the low-E window and the control window, which were from the
same product line as those tested by NBS, with, however, slightly larger
dimensijons. The laboratory testing had been performed using the ASTM
C236 method with essentially zero sir velocity on either side, 20°%¢
inside air and -8°C outside air temperatures, and the measured U-values
were 1.76 H/mz'K and 2.33 W/m“°K, respectively, for the low-E and

control windows.

imeters were constructed for measuring the

The calorimeter is a five-sided
de that is sealed against the
Figure 1 shows the

Portable calor
thermal performance of each window.
insulated metering box with an open si
interior side of the building element under test.
cplorimeter installation in the window opening.

Type-T thermocouples fitted with radiation shields were used to
measure calorimeter air and putdoor air temperature. One calorimeter,
designated Calorimeter A, was fitted with minimal instrumentation
conaisting of a single shielded interior thermocouple located in the air
space approximately 5] mm in from the window glazing surface on the
center line at about mid-height. The second calorimeter, designated
Calorimeter B, was fitted with additional sensors in order to provide
data to assist in interpretation of the test results. Figure 2
schematically shows the instrumentation installed for Calerimeter B,
which for most of the test period was used for measuring the low-E
window. Sensors were also installed to measure outdoor air velocity,
solar irradiance, and infrared irradiance at approximately mid-height
using a hot wire anemometer, a pyranometer, and a pyrgeometer,
respectively. The velocity sensor was located approximately 50 mm from
the outer sash of the center of the window and the radiation sensors
were mounted flush to the wall adjacent to the window.

Air-leakage measuremcnts were made using Calorimeter B and the test
apparatus described elsewhere (6), which conformed to the ASTM E783-84
method for field measurement of air leakage through windows and doors.

3. Test results

Evaluation of the calorimetric test results will focus on two
objectives. First is determining the comparative thermal performance of
the two windows under essentially identical ambient conditions. The
second objective is an assessment of the use of portable calorimeters
for field measuring nighttime U-values of windows. The additional
gensors installed with Calorimeter B permit computation of an overall
energy balance on the calorimeter/window system and provide some insight
into the heat transfer mechanisms that occur within the calorimeter and

at the outside of the window.

1/2 in( 12mm}
plaster

3-1/2 in(89mm)
perlite {0
Inautation

172 Ik APmm)
Inca brick
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Figure 1. Calorimeter installation in test window aperture.
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3.1 Comparative performance of windows:

The underlying assumptions for the galorxmeﬁ;:c t;st;r:::f :;:
that the energy input to the meterlng'box %s traqs :r;: e rerey
window, and, therefore, the measured nlgyttlme va uend e o

d temperature difference between calorimeter air a Ay are
euffici to messure thermal performance differences .
5UfE1°1?“t lazing systems. The selected time interval for each da :
alfer“{t‘ve Y hourgand is comprised of cumulative heater energy in
Zzzzzg;j;;itio—air temperature differences derived from data scans taken

every 60 seconds.

i 1
Figure 3 shows the comparative performance between the low

i i i i tween
emittance window and the uncoated window. A linear YEIEtleSh;th;_air
the measured heater power per unit of window area andEEteoi T

i = ]
temperature difference is determined by a least-squares I1

assuming:

n

Qrp/A = B + UTgar, - Taus)

here A = window inside area

: B = intercept
U = slope (U-value)
TCAL = calorimeter air temperature
Taup = ambient air temperature.
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Figure 3. Mecasured electrical power ve. ait to-air t?mperntur
¢ difference for low-E window and uncoated window.
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Table 1 shows the results from the least squares data fits for both
windows, including the mean values for the intercept, B, the mean values
and standard deviations for the slope, U, and the correlation
coefficients. The measured U-values (slopes) of the NBS test results
are also compared with the previously described laboratory test results.

Examination of these data shows an excellant correlation for the
low-E window and a very good correlation for the uncoated window for the
linear data fit of Equation !, based on the standard deviations for the
slope (U-value) and the correlation coefficients. Comparison with the
laboratory test results for both windows shows the average U-values from
the field test data to be 137 to 16% greater than the laboratory U-
values.

3.2 Calorimeter/window emergy balance:

The additional sensors provided with Calorimeter B permit more
detailed evaluation of the system energy balance than possible with
Calorimeter A. Four potential sources of error in the use of the
portable calorimeter for measuring the absolute U-value of f(icld-
installed windows were considercd: metering box heat conduction to the
room, metering box leakage [rom the outside air, interior air
temperature gradients, and exterior surface radiative heat transfer.
The first two sources of error test the assumption that all the
electrical energy dissipated in the mctering box is transferred through
the test window. The last two sources of error test the assumption that
the effective temperature difference for heat transfer is given by the
difference between the single indoor and outdoor air temperatures. It
was concluded (6), that only the last potential error source was
significant for the particular application and test period.

3.2.1 Error due to radiation effects: A potential source of error
occurs when ambient air temperature is used to compute U-value
because of radiative heat transfer between the exterior surfaces
of the window and the outdoor surfaces and sky, whenever their
temperatures are different from the air temperature. Consider
the nighttime enérgy balance at the exterior surface of the
window given by:

Qurr/A = ho(Tg = Tayg) + €, q (T - Tpa) (2)

where Qurr/A = window heat loss rate, per unit area, (W/m?)
TG = absolute window average surface temperature, (K)
Tpmp = absolute air temperature, (K)

pap = effective blackbody temperature of outdoor

radiant sources, (K)

b, = surface convection cocfficient, (w/mzx).

= surface emittance = 0.84

of= Stefan-Boltzmann constant = 5.6697 x 1078 w/mlx?

It is desired to account for radiative effects by relating the
measured rate of heat loss to an cffective air temperature, TFFF' based
on the convective heat transfer cocfficient, hc as:
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Qurp/® = P (Tg - Terr) (3
Cowbining Equations 2 and 3 gives:
€0 (16 4
Tepr = TAMB ~ § (T¢ - Tgap) (%)
c

Examination of this equation shows that as the convective

coefficient, h_, increases due to air motion induced by wind, the
significance of the radiative contribution decreases and the effective
temperature approaches that of the ambient air temperature. For the
climatic conditions experienced during the test period, wind speed was
frequently less than .9 m/s, supgesting that the surface coefficient was
either in the free convection or mixed convection regions; therefore,
published correlations for free convection might not be accurate due to
a significant forced-convection component. The approach taken to obtain
values for h needed to evaluate Tppp in Equation 4 was to use the
relationship given in Equation 2 based on long-term measured values of
all the variables to compute an average valuve for h..

4 shows a plot of nighttime hourly measured heat transfer by
al to electrical heat dissipation minus radiated
) for the low-E window. The slope of the least
mZ'K. Similar data plotting was performed for
e coefficients of 10.53

Figure
convection (assumed equ
heat) versus (Tg = Ty
squares line is 5.72 9?
other time perinds providing average convectiv
Wim¥% and 5.58 W/m“ K. Effective temperature, Teppp, calculated in this
lace of ambient air temperature, Tppps 1P Equation |

manner was used in p
th the results shown in

to provide revised least squares data fite wi
Table 2 for the low-E window.

Examination of these results shows the very significant effect that
the radiative heat loss has on determining U-values under the prevailing
environmental cogditions during the testing period. Im Eact, the U-
value of 1.65 w/m“K, based on the field test with revised values of
inside and ambient temperaturg, is seen to correlate with the laboratory
mcasured U-value of 1.76 w/m®K in which the radistive environment in
the hot box is presumed to be much closer in temperature to the ambient

air.

. 4. usi d ti

or thermal performance testing of

The use of portable calorimeters £
y simple method for field testing

windows appears to provide a relativel
of alternative glazing systems. Hlowever, it is important that the

instruments used for power and temperature measurements be calibrated
and that air leakage cffects are quantified by measuring outs ide-to-
inside pressure differences. The portable calorimeter was seen to have
potential for absolute measurement of nighttime U-values for windows,
provided the offects of radiative heat exchange with the night sky and
the outdoor surfaces are properly evaluated, since these radiant heat
sources are usually at a lower temperaturc than the outdoor air. This
is particularly important At timen when the air is clear and the wind
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velocity i i
y is low. An effective outdoor temperature, involving both the

convectiv iati
oS w:s asnhd radlatlve. components of the exterior surface heat
5 own to provide a better correlation between the field and

aboratory tes results than a co a onty on o or
lab t t t rrelation based 1 utdo air

T6= Tamn (°C)

0
T : 2 3 4 5 6
T 1T T T T 1T 1T T 71 as
ol  QuR-Omo o E
A = 2641.01 (TG_TI\M[‘I) e
~ - N\ ° 30
N‘_ N
= ° =
£ 8F o o°
2 o o -125 &
m
~— — D €
s = - 2
> 6 [} o b
o
) d 0 20 3
O g o/ 3
x & {15 o
Y 4 o [
L) [a1¢) Wind Speed [
L. ° o o e T
v O __Mt/min m/s {10 ©
2 - v o 72-108 04-06 -
o v 108-17 4 06-09
. = 0 17.4-714 09-38 |7
o -4
no_..u ; [N S TN S NN L
4 5 B 3 [}

g Tg - Tameg (°F)
igure 4. C(.mvecti‘.ze heat loss from low-E window durin
time period from 3/21/86 to 3/26/86. ¢

The place i
- tpemper::t of a mete.r1.ng b?x‘on the interior of a window result
e hure stratification and, consequently an unev .
jnd g stmtir;i ea? loss from the upper and lower windows,. The c[[eitt‘
e Moo thectlitloydsmd the resulting convective and radiative heat
neide esurfece of th i :

- he c e window was not det i H
T th;:::;tlona.l research is necessary to quantify the si neirf“;lned’
S envxronmer'\t produced by the metering box. Inguddicta'rlce
bt appears a t.:he exterior surface of a window can operate in i 10;:
n . . 2 B
comvectior arreeglmt.z 1'nf'wh1ch both the free and forced—-convemcl:ieo
significant. Evaluati i

L ! ion of the exterior
heat transfer coefficient under those conditions is i:puorftac:
rtan

i e
n establishing an effective temperature used

measurement. in the U-value
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Table 1

Field Test and Laboratory Test U-Values of Windows

|Window
|Glazing

|Laboratory | Percent

Field Teat Regults

Mean |Mean Std |Corte!a?ion| Uiab |U—Ulab
Intercegt B|Slope Dev. |Coefficient]

W/m | Wn’k | R 1 Wik

| low-E

|Uncoated

2.10 017 .995

.853 2.33

|
I
|
I
|
1
I
|
I
I 2.67  .127
|

I
|
|
1.76 | 16.2
|
|
|

Table 2

Revised U-Value Estimate for Low-E Window
Based on Effective Air Temperature

| for inside air{ Ambient |Inte cept | v

| _Temperature |Tepperaturel| W/ m“ 'K |

No. Sensors | Basis for | Mean |Mean Slope Std

|Correlation
Deviation|Coefficient
W/m®.E | R

air 1.32 2.10 0.17 -995

1

air 1.20 2.16 0.17 .995

3

effective 0.35

effective 0.09

|
|
|
|
|
|
|
|
1
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