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1.1

FIELD HEASUREHENÎ OF HEAT FLOI{ TIIROUGH IJINDOI{S

M. E. McCabe
National Bureau of Standarde
ceitheroburg, ilD, 20899' UsA

l. lntroduction

been described by Goee (4).

field, with controlled ínterior temPeratures'

different glazíng units, independent of air leakage effects'

2. DescripÈion of test sPecinens and test eDDaratus

1f c,.

The upper and lower sash and glazing units of the existíng north-
faci.g douite-hung windowe in e National Bureau of Standards (NDs) test
builJing were replaced with new sash and glazing units' uhich 

-were
sinilar in construction to the original units' excePt thet one of the

windows, was mãnufactured with a low-emittance coating end the other
win<low wns uncooted' The insulating ¡;los¡ units uere til led with tlry
air and were constructed of clear sealed glase, 3 mn thick with en ll mn

aír space. The clear low-enittance coating was ePPlied by the glass
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manu fac turer to the outuard fac in surface of the

;"i;;;;;"'; deposition techniq e' rhe nominal

;;;;: ;" the ínterior opening' we I 914 nm-wide b

;;;;;i;ri;; unít having a transParent area 825 m

givin! a glass fraction of 80'02'

The window manufacturer Provide
for both the low-E windou and the c

saue product line as those tested by

ãir"."iot". The laboratory testing
C236 meÈhod with essential lY zero
inside air and --8oC outaide air ,temp
were 1.76 Wlnz'K and 2'33 l{/n''K'
control vindovs'

Portab Ie ca lorineters were c for neaeuring the

therna I perforrance of each wind riøeter ie a five-s ided

insulated metering box wíth an t is eealed against the

interior side of the bui t'd ing e I esÈ' figure I ohora the

co lorimeter inste I lation in the w

schematica I ly ahows the instrumenta
,ii.n ro. mást of the test Peri
window. Sensors were a lso insta I
so lar irrad íance, and infrared
using a hot sire anemometerr â Pyranoneter' and a pyrgeometer'

respectivelv. Th" "tì;;;;; 
*"ot 'às.lotated 

approximtelv 50 mm from

the outer sash of th.;;;;"t of the çindow and the radiation sensors

çere mounÈed flush to the wå11 adjacenÈ to the window'

Air-leakage meaaurements were madc uaing Calorineter U 
^":j"tl: 

t""'

apperatus described "l*"h"to 
(6)' which contotted to tl¡e ÂSTH EtSl-84

method for field neasutment of air leakage through vindows and doors'

3. Test results

Evaluation of the calorinetric test results will focus on two

objectives. First is determining the comp-arative thernal perfornance of

the tïo windows t.d"t;;;;;;ial"ly idenrical ambient conditions' The

""J..J-.u5".aive 
is ar assessmeni of the use s

for fie Id measuring t'fehttit;-u-va-lues of 
i

sensors instal led with Calorineter B PernlÈ

energy ba lance on the ca lorimeter/winclow syste :
into the heat trensfer mechanisns that occur d

at the outside of the window'
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Figure I . Caloríneter installation in test windov aperture.

I
lF

lJ
l-
t-
lF
IN
Eç

,i

I

r
I

I

I

3 Dno
sq

-€
ç

II.MPFRAIURE SENSONS

. 
^i-unshield€dO Âi. - shleldcd

O nndinl¡va cnvltoilñ.nl

heãler clcñool
f qe o I

v,

rl

Figure 2. Sensor locations in Çalorimeter B.
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3 , I Comoarat ive oerfornance of rindowg :

The nPtions for the calor åre

thåt the ïL-t"ttting box is tr the

uindow, e emeasurednighttinev erBÏ

end teuPe between calorineter e âre

suffic ie therma I perfornance differenceB beteeen

alternative glazing systens' The selected tine intervsl for each data

point is one hour an¿-is conprised of cumulative heeter energy and

âverage air-to-air tttp"t'tut" differencee derived froo data scens teken

every 60 seconds'

Figure 3 ehows the conparative p the low

emittance windos and the uncoatld sindov' ip between

the meesured heater ;;";;-;;;-""it of wí ir-to-aí¡

tenperãture difference is deìernined by a the dáta'

asauming:

Q¡¡1¡/A=B+U(T.AL-Tlu¡) 
(l)

26q

Â = windou inside area
B = intercePt
U = slopc (U-value)
T-., = calorimeter aír teoPerature
rifii = a.uit"È air te'Perature'
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Table I shovs the results from the least squares data fits for both
windows, including the neen values for the intercept, D, the mean values
and standard deviatione for the s lope, U, end the corre lation
coefficiente. the neasured U-va lues (s lopes) of the NBS test resu lts
are also compared with the previously descríbed laboratory test results.

Exanination of these data ahows an excellant correlation for the
low-E window and a very good correlaÈion for the uncoated síndou for the
linear daÈa fit of Equatíon l, based on the standard deviations for the
slope (U-value) and the correlaÈion coefficients. Couparison wíth the
laboratory test resulte for both windows shows the averãge u-values fron
the field teBt date to be l3Z to l62 grcater than the laboratory U-
valuee.

3.2 Calorineter/windor energy balance:

The additional gensors provided with Celorimeter B peruit nore
detailed evsluation of the systen energy balance than possible sith
Calorineter A. Four potential sources of error in the use of the
portable calorimeter for measuring the absolute U-valuc ot tield-
ingtal lcd sin<lows vere coneirlered: nctering box l¡ent condrrctiorr ro tlrr
room, metering box lenkoge Iron tlrc outaide air, interior ¡ir
tenpereture gradients, and exterior surface radietive heat trensfer.
the first two aources of error test the aasunption Èhat e I I the
electrical energy dissipated in the netering box ie trnns[erred through
the teet window, the last teo aource6 of error teat tl¡e assunption that
the effective tenpereÈure difference for heat transfer is given by the
difference between the single indoor and outdoor air tenperatures. tt
ve6 concluded (6), that only the tást potcntial error source uas
aignificant for the particular npplication end test pcriod.

3.2.1 Error due to radíation effects: Â potential sourcc of error
occurs when ombient air tenperature is uscd to compute U-vn lue
beceuse of radiative heat trensfer between the exterior surfaces
of the windov and the outdoor eurfaces end sky, rhenever their
tenperrtures are different from the air temperature. Consider
the nighttine enérgy be lance at the exterior surface of the
window given by:

Q¡1¡/A = hc(lc - IAHB) + Êra{{ - t*Í) e)

vhere Q¡¡1p/A = windos heat loss rate, per unit area, (W/n2)
T" = absolute ríndow average surface temperature, (K)
T¡r, = absolute air temperature, (K)
1*O = effective b lackbody tenperature of outdoor

radiant sources, (K)
h" = surface convection cocfficient, (W/12X),
€^ = eurface emittence = 0.84
f= Stefan-Boltzmann constant = 5.6697 x l0-8 ul^2x4

It is desired to account for radiative effects by relating the
mensured rnte of heat loss to an effectivc nir tenpernture, Tara, ùase<l
on tl¡e convcctive heat transfer coe[[icicnt, h" ns:

Tcal-Tamb
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Figure 3. llcasured electrical Power v8' air-Èo-air tcmPcroture

;-i;;;;;"". for los-E vindow and uncoeted window'
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QHrr/A = h.(r. - rsrr) (3)

Coobining Equations 2 and 3 gives:

EeÇ,-t' - 4r (4)
IEFF = TAHB - n.- 

.rC - .RAD/

Exemination of this equatio

age value for h"'

Ex¿mination oI these r
the radiative heat loss has

environoenta 1 coqd it ions
value of 1.65 sln' 'K, base

inside and anbient tenPerâtur9' l8

;;;"i'; u-value of l'76 w/m''K in

,i" t't, box is Presuned to be nuch

ãlr.
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velocity ie low. Ân effective outdoor tenperature, involving both the
convective and radiative componenta of the exterior surfsce heat
balance, was shom to provide a better correlation bctwcen the field and
laboratory te6t results thån a correlation based only on outdoor air
tempera Èure .

fc- l¡u¡ ('cl
Ot2g.t56

35

ro

4

O2¿lßBtO

tG _ t^M8 (ôF)

Figure 4. Convective heat loss fron low-E window during
tine period fuon 312ll86 to 3126186.

The placenent of a oetering box on the interíor of a window results
in air temperature stretification and, consequent ly, an uneven
dietribution in heat loss from the upper and lowcr winrlows. The eflect
oI this stratification and the resulting convcctive and rndi¡tive he¿t
be lance on the ing ide ourface of the window uas not determined;
therefore, additíonal research is necessary to quentify the significance
of the themal environment produced by thc netering box. In acldition,
it appears thet the exterior surface of a window csn operete in a nixed-
convection regime in which both the free and forced-convectíoo
nechanisms are significant. Eva luation of the exterior surface
convective heet transfer coefficient under those cond itions is inportant
in establishing an effective tenpereture used in the U-value
neaauremen t .
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Tab le I

Field Teet and Laboratory Teet U-Values of llindows

I Labora tory I Pe rc en t
lTear Rp¡ultF I Dif ference

He an I Hean
lnterceqt B lSlope

ttl^t I w/.'r

I Cor¡e la t ion I

lCoefficientl
lRlrl

.995

. 853

U-U.leD
------ x 100

U

srd
Dev

ul"b

w/n2r

ow-E t.16

2 -33

t6.2

12.8Unc oa t ed

No, Sensors I Basis for
for inside airl Anbient

I .J2

t2 -55

2 .10

2.61

017

127

| .32

1.20

0.35

o.09

Tab le 2

Revised U-Value Estimate for Low-E Window

Baged on Effective Air Tenperature

I 1^-^-

I Hean ltlean SloPe
I Inte¡cept I U
t üt-¿.v I '"t-2

S td I Corre la t ion
Devia tion I Coef f ic ient

3

3

alr

air

effective

effective

2.IO

2.16

1.65

t .65

0.17

0.I7

o.23

o.23
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.989
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