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Test Document: NFRC Test Procedure for Measuring the Seady-State Thermal Transmittance
of Fenestration Systems

PREFACE

ThisNFRC procedureisassembled for use of the NFRC Accredited Testing L aboratoriesand |aboratory

ingpector(s). Itisintended to diminate the necessity to interpret vague or generd statementsfrom al other
documents.

This NFRC procedure is a compilation of information from ASTM C1199-91, data from hundreds of
thermal performance tests by technicians and engineers, NFRC round robin data, and technica
interpretations by NFRC.

The document containsin its entirety incorporates ASTM C1199-91, aswell asmodifications adopted by
NFRC. All new or modified proceduresfrom ASTM C1199-91 have been presented to the ASTM C16
Committee for review and possible incluson in the next revison of ASTM C1199.
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Section 1
SCOPE

1.1 Thisgandard test method provides requirements and guiddines and specifies calibration procedures
required for the measurement of the steady State thermd transmittance of fenedtration systems
inddled verticaly. The standard specifies the necessary measurements to be made using
measurement systems conforming either to ASTM C 236 or ASTM C 976 for determination of
fenestration system thermal transmittance.

1.2 Thistest method refersto thethermd transmittance, U, and therma conductance, C of afenedtration
system indalled verticdly in the absence of solar and air leskage effects.

Note 1: This test method does not include procedures to determine the heat flow due to ether air
movement through the specimen or solar radiation effects. As a consequence, the thermd transmittance
results obtained do not reflect performances which may be expected from fidd ingtdlations due to not
accounting for solar radiation, air leakage effects, and the thermd bridge effects that may occur dueto the
specific design and congtruction of the fenestration system opening. Since there is such awide variety of
fenedtration system openingsin resdentid, commercid and indudtrid buildings, it isnot feasbleto sdlect a
typica surround pand congruction to mount the fenestration system test pecimenin. Thissituation alows
the sdection of ardaively high thermally resstant surround panel which placesthe focus of thetest on the
fenedration system thermd performance done.  Therefore, it should be recognized that the thermd
transmittance results obtained from this test method are for idedl laboratory conditionsin ahighly insulaive
surround panel, and should only be used for fenestration product comparisons and as input to thermal
performance analyses which aso include solar, air leskage and thermd bridge effects due to the
surrounding building structure.

1.3 A discusson of the definitions and underlying assumptionsfor measuring thethermd transmittanceis
included.

1.4  Thisstandard may involve hazardous materids, operations and equipment. This standard does not
purport to address al of the safety problems associated with itsuse. It is the responsibility of the
user of this stlandard to establish appropriate safety and hedlth practices and determine the
goplicability of regulatory limitations prior to use.

1.5 Prgjecting Products shal comply with testing requirements as specified by NFRC.
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Section 2
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Section 3
TERMINOLOGY

3.1 SymbolsCthe symbals, terms, and units used in this document are as follows:

Ap1
Ap

er
C](:1

th1
t;

t1
t
'

area of room side baffle, n?

Average surface area of inside and outside of product, n?, = (Ain + Aed)/2

projected area of test specimen, (same as open area in surround pand), Nt

total exposed interior area of test specimen, N

total exposed exterior area of test specimen, nt

Conductance of facing on cdibration transfer standard, W/(nmf$C)

thermal conductance of test specimen (surface to surface), W/(nf$C)

thermal conductance of surround pand (surface to surface), W/(n?$C)

conductance of calibration transfer standard core, W/(nmf$C), determined by means of
ASTM C 177 or ASTM C 518 and ASTM C 1045

emittance of surface

emittance of glass

emittance of the baffle or box wall

1.0/[Ver+(AdA)$((1/ex1)-1)] (assuming aview factor of 1.0)

standardized surface conductance, room side, W/(nf$C)

standardized surface conductance, weather side, W/(n’$C)

surface conductance, room side, W/(nm’$C)

surface conductance, westher side, W/(nt$C)

convection coefficient, W/(nf$C)**

time rate of heat flow through the tota surround panel/test specimen and metering box
system, W

timerate of convective hegt flow from test pecimen surface, W

time rate of net radiative heat flow from test specimen surface to the surroundings, W
timerate of heat flow through the test specimen, W

timerate of heat flow through the surround panel, W

time rate of flanking loss heat flow around the surround pand, W

timerate of heat flow through the meter box (warm room) walls, W

heet flux (time rate of hest flow through unit area), W/n?

hest flux through the test specimen, W/n?

net radiative heat flux to the room side of the test specimen,W/nt

convective hest flux to the room side of the test specimen, W/nt

absolute temperature scale called Rankine

area-weighted baffle surface temperature, room side, °C

area-weighted temperature of room side air, °C

area-weighted temperature of weether sSdeair, °C

area-weighted temperature of test specimen room side surface, °C

area-weighted temperature of test specimen weather side surface, °C

area-weighted temperature of room sde glass/core interface of cadibration transfer
standard, °C
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area-weighted temperature of weather side glass/core interface of cdibration transfer
standard, °C

area-weighted room side surround panedl surface temperature, °C

area-weighted weather side surround panel surface temperature, °C

thermal tranamittance of test specimen (air to air under test conditions), W/(nf$K)
standardized thermal transmittance of test gpecimen determined from Calibration Transfer
Standard (CTS) surface hest transfer coefficients (air to air), W/(nP$K).
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6 = Stefan-Boltzmann constant = 5.6703x10°® W/(nm’$K*)
3.2 Definitions

Definitions and terms are in accordance with definitionsin ASTM E 631 and ASTM C 168, from
which thefollowing have been sdlected and modified to apply to fenedtration systems. SeeFigure 1
for temperature locations used in the following definitions:

3.2.1 Test specimen thermal conductance, CCThetimerateof heet flow through aunit areaof
atest specimen (fenestration system), induced by aunit temperature difference between the
test specimen surfaces. 1t is caculated as follows:

Ce=1/(UUs-Uh-Uh) o  Ce= QAL - )] Q)

3.2.2 Surfaceconductance, h (often caled surface or film coefficient) CThetimerate of heet flow
from aunit area of a surface to its surroundings, induced by a unit temperature difference
between the surface and the environment. Subscriptsareused to differentiate between room
side () and weather side (I1) surface conditions (See Figure 1). 1t should be recognized
that due to radiation effects, the room sde ar temperature (t) , may differ from the
respective room side baffle temperature (ty,). If thereisadifference of morethan** 1.0C,
("* 2.0F) or "*2.0C, (** 4.0F) for gangle glazed products, on the room side, the radiation
effects must be accounted for to maintain accuracy in the calculated surface conductances.
The room side and westher sde surface conductances are caculated as follows:

when: t; =t,,"* 1.0C, (** 2.0F),
except for single glazed products, thent, = t,,"* 2.0C, (** 4.0F):

h =ad(t - t) or h = (G + den)/(ti - ta) )

For the weather side, then:
hi =ad(t2 - th) €©)
3.23 Test specimen thermal transmittance, Us(sometimes called overal coefficient of hest
transfer)CThe heat transmission in unit time through unit area of a test specimen and its

boundary air films, induced by unit temperature difference between theenvironmentson each
gde. Itisdetermined asfollows

Us = QJAS(L - t) (4)
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324

3.25

3.26

3.2.7

3.28

3.2.9

Standardized Thermal Transmittance, Uy CThe heet tranamisson in unit time through
unit area.of atest specimen and standardized boundary air films, induced by unit temperature
difference between the environments on each sde. It is caculated asfollows:

Usr = 1[(Uhen) + (1/Cs) + (Uhemi)] Q)

Where hyn and hyn are the standardized surface conductances on the room side and
wesgther Sde, repectively. Their numerical vaues are specified in section 7.1.10.
Surround pane (sometimes caled the mask, mask wall, or homogeneous wal)CA
homogeneous pand in which the test specimen is mounted. (See Section 5.1.2 for a
description of asurround panel.)

Test specimenCThe fenestration system or product being tested.

Calibration transfer standar dCAninsulation board of known stabletherma conductivity
(i.e. expanded polystyrene) tracegble to primary standards that isfaced on both Sdeswith
glass or polycarbonate, instrumented with temperature sensors and is used to cdlibrate the
surface conductances. (See APPENDIX A.1 for the design of a calibration transfer

standard.)

View Factor - The portion of the metering box "viewed" by the test specimen that is
exchanging radiation with the interior test specimen surface. Thisarea of the metering box
would be comprised of the baffle surface and any portion of any perimeter metering box wall
that the test specimen is exchanging radiation with at a 90° incident angle. For most test
specimens using this method, the metering box baffle would be the only surface exchanging
radiation with the test specimen.

Projecting Products - Any product that has atest specimen projected areato wetted area
ratio less than or equal to 0.8.

NFRC Test Procedure for Measuring the Steady - State Thermal Transmittance of Fenestration Systems
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4.2

4.3

4.4

Section 4
SIGNIFICANCE AND USE

Thistest method detail sthe cdlibration and testing procedures, and necessary additiond temperature
indrumentation required in order to apply ASTM C 236 or ASTM C 976, or most current
goplicable ASTM Test Method, to measure the thermd tranamittance of verticad fenestration
systems.

Since both temperature and surface air film conditions affect results, use of recommended conditions
will assg in reducing confusion caused by comparing results of tests performed under dissmilar
conditions. Standardized test conditions for determining the thermd transmittance of fenestration
systems are specified below.

NFRC Test Conditions:

1. Interior ambient temperature of 21.1 C (*'0.25 C), 70F (** 0.5F).

2. Exterior ambient temperature of -17.8 C (**0.25 C), OF (** 0.5F).

3. Theinterior rdative humidity shdl be maintained a or below 15 %.

4. An interior measured film coefficient during CTS pand cdibration testing of 8.29
WInfC (1.35 Btu/hr-ft2-F) (** 5%).

5. An exterior measured film coefficient during CTS pand cdlibration testing of 28.97
WInfC (5.1 Btuhr-ft-F) (** 10%) .

Thistest method does not include procedures to measure the heet flow due to ether air movement
through the test pecimen or solar radiation effects.

Thethermal transmittance of atest specimen isaffected by itssize and three-dimensona geometry.
Therefore, it ismandatory that fenestration systems betested at the szes specified in the NFRC 100.

NFRC Test Procedure for Measuring the Steady - State Thermal Transmittance of Fenestration Systems
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Section 5
CALIBRATION

51 Genera

Prior to performing the surround pane calibration testing, the surround pane thermd characterigtics
ghall be determined using either ASTM C518 or ASTM C177 (SeeNote 2). Thethermal test facility

shdl ingal acontinuous and homogeneous surround pane in the metering box opening for cdibration
purposes. The thermd resistance of the surround panel shdl be determined at the standard NFRC
test conditionsidentified in Section 4 of thisdocument. Thetest Iaboratory shal comparethe ASTM

C518 or ASTM C177 results to the tested surround panel values.

After the surround pand has been tested, a cdibration transfer stlandard shal be mounted in the
surround pand opening.  Asexplained in Note 1 and Note 2, there may be a strong interaction
between the heat flow in an actud surrounding wall and the frame of the fenestration system. If the
surrounding wal congruction contains highly conductive materids, the heat flow through the

fenedtration system frame could be significantly changed. Sinceit isnot feasble to sdlect atypica

wall to use asasurround pand, it is desrable to have ardaively high thermaly resstive surround
pand to minimizethis"shorting" interaction so that the heet flow through the fenestration systemitsdf

can be measured as accurately as possible.

5.1.1 The test configuration for fenestration products shdl be cdibrated usng a heat flux
transducer cdibration transfer standard (CTS Pandl) constructed as described in Appendix
A.1 and illugtrated in Figure 2. The cdibration transfer sandard has a core materid of
known characteristics traceable to primary standards such as the guarded hot plate of a
national standard laboratory. The projected area of the cdibration transfer standards used
shall cover the same range asthetest specimen modd size and tolerances as specified in the
NFRC 100-91, Section 5.2.

Two cdibration transfer sandards shall be used; one approximately thelargest model sizeto betested and
one gpproximatdly the smallest fenestration Size to be tested.

It is dso recommended that the smdlest CTS Panel be congtructed in such a manner as to permit the
rotation of the pand to beingtaled in the surround pand in ahorizonta orientation (e.g.: 21219 mmx 1829
mm (48" x 72") sze could dso be tested in @a1829 mm x 1219 mm (72" x 48") orientation). Extreme care
should be taken when handling CTS Pandls with glass facing.

5.1.2 A surround panel, conssing of a stable homogeneous thermd insulation materid with a
thermal conductivity at 24C (75F) not in excess of 0.04 W/(m$K) [0.28 Btu-inhr-ft>-F]
and having avery low gas permeance, shal be provided for mounting the test specimen (see
Figure 3). For sructurd integrity, the homogeneous insulation board core may be
sandwiched between two sheets of asupport materid having avery low gas permeance and
gable therma and dimensiond properties. The opening in the centrd homogeneous
insulation board core may be covered with anon-reflecting tapeto minimize surface damage.
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The width of the homogeneous insulation board core of the surround panel (see Figure 3)
shdl be a least the maximum thickness of the test specimen and in no circumstancesbeless
than 100 mm (4 in). The maximum thickness of the homogeneousinsulation board core of
the surround panel should be no more than 25 mm (1 in) greater than the maximum
thickness of the test specimen (i.e, 100 mm (4 in) < core thickness < test specimen
thickness + 25 mm (1 in) and the core thickness > window thickness). Unless specificaly
required for test specimen mounting purposes, no therma bridges should exigt in the
surround pand. 1nthese specific Stuationswherethe surround panel isnot homogeneous, a
detailed drawing describing the surround pand and the thermd bridge materids and the
modified surround pand congtruction, dong with the measured therma conductivities (using
ASTM C 177 or ASTM C518) of dl materidsused, shal beincluded with thetest report.

Note 2: A recommended surround panel core materid is expanded polystyrene (beadboard) having a
density in excess of 20 kg/nT (1.25 |bf/ft>) which has been aged unfaced in thelaboratory for aminimum of
90 days. A suitablefacing materid is 12 mm (0.5 in) thick type AB (no knots) fir plywood that istaped at
dl joints and painted with two coats of a non-reflecting, low ar and moisture permeance paint having a
known or measured emittance. Another facing materid found suitableis3 mm (0.118") to 4 mm (0.157")
Hi-impact polystyrene (ABS Pladtic). An dternative means to diminate or minimize ar permeance isto
introduce suitable air/moisture retarders between the core and facers. It isarequirement that the therma
conductivity of the materials used for the surround panel be measured in a guarded hot plate (ASTM C
177) and/or a heat flow meter (ASTM C 518) at a 1.6C (35F) mean (moderate winter @ 21C/-18C
(70F/OF). It is aso recommended that therma conductivity be measured at two additional temperatures,
extremewinter 21C/-30C (70F/-22F) and summer 24C/52C (75F/126F) temperature (room side/westher
sde) conditions. For added confidencein establishing the heat flow through the actua surround pandl used
inated, itisarequirement that it be ingtaled in the hot box before the test specimen mounting hole(s) are
cut and ASTM C 236 or ASTM C 976 tests at the NFRC 100-91 temperature conditions be made to
determine the flanking loss around the homogeneous pand and verify the therma resistance previoudy
determined for the surround panel as described in Section 5.1.

5.1.3 Thefollowing equation shal be used to determine flanking loss as described in Note 2:
Qfl =Q- Qsp- Qmb (6)

5.1.4 Inaddition to the air temperature measurements specified in ASTM C 236 and ASTM C 976, the
following temperature measurements are required.

5.1.4.1 Radiating surface temperaturesCThe temperature of dl interior surfaces,
including the baffle, of the metering chamber exchanging radiation heat transfer
with the test gpecimen using the same area weighting criteria as specified in
ASTM C 236 or ASTM C 976.

5.1.4.2 Air temperatures C Theair temperature sensors shdl belocated 3" from the
surface of thesurround panel. Theair temperature sensorsshd| bearrangedina
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5.15

verticd grid network, with aminimum thermocouple density asdetermined by the
relationship

N = A/(0.07 + 0.08* /A)

where A is the metering areain nf. If the number of thermocouplesiswithin
10% of the number determined by thisrelationship, then the requirements of this
section arejudged to be met. Therowsand columns closest to the metering box
walls shall be located a a minimum distance of 6" from each meter box wall.
Pardld averaging of air temperatures shdl be alowed on verticd devations
(horizontal rows) only.

Air leakageCAll potentia air leskage Stes on the surround pand and at the interface
between the surround panel and the test specimen shall be sealed on the interior and
exterior with non-metdlic tape or caulk to minimize or diminate air leskage between the
room side and weather side chambers. The thermd performance can be affected by the
method and placement of the test specimen air seal. Therefore, thetest specimenisto be
seded with tape of smilar surface emittance to that of the adhering surface. For vertica

and horizontd diding products, the test specimen shall be sedled at the interior or exterior
location nearest to the primary air sedl. For al other fenestration product types, the test
pecimen shdl besedled a theinterior. Perimeter joints between the test specimen and the
surround pane shal be sealed on both sides of thewall. 1nno case shdl thetape or caulk
cover more than 12 mm (0.5 in.) of the test specimen frame or edge. As an additiona

precaution to minimize the potentia for leakage of air through and around the sedled test
gpecimen, means shall be provided to measure and equdize the pressure difference across
the test specimen, or an air leskage test shdl be performed in accordance with ASTM

E283 at 75 Pa (1.57 Ibf/ft?), equivalent to approximately 11.1 mvs (40 kmh or 25 mph)
wind, to vaidate air leakage rates before and after the thermd performancetest. For hot
boxeswhich have aperpendicular or parallel wind flow (to the test specimen weether Sde
surface) wind direction , this shall be accomplished by baancing the weather side tota

pressure with the room side gtatic pressure to within 0 ** 10 Pa (0 ** 0.21 Ibf/ft?). The
pressure sensors used shall be located outside the boundary layer on the glazing surface.
The exterior pressure sensor shall be oriented perpendicular to the center of the test

specimen weather Sde surfaces. The interior pressure sensor shdl be located in such a
location as to not be influenced by any forced convection.

Note 3: Sedling techniques should be governed by two primary criteria

(1) The sedant applied should be of smilar (** 0.2) emittance as the surface to which it is being applied;

and

(2) Thesedantisapplied in as minima amount possible to achieve the reduction in air leskage.

5.2 Cadlibration Tests

NFRC Test Procedure for Measuring the Steady - State Thermal Transmittance of Fenestration Systems
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521 Procedure

5211

5212

Ingtal the calibration transfer sandard 25 mm (1") from the exterior (cold Sde)
surface of the surround pand. Sed the cracks around the perimeter of the
cdibration transfer standard with non-metallic tape and/or caulking to prevent air
leakage.

Establish steady state temperature conditions for which the surround panedl isto
be cdlibrated and record measurements of power, temperatures, velocity and
pressure.

5.2.1.A Criteriafor NFRC Steady State

1.

5.2.2 Data Analysis

5221

5222

where:

Determining steady-dtate involves two separate evauations. Firdt, a series of
four hourly sets of data are compared to the group mean to determine if steady
date has been achieved. Second, two additional consecutive two-hour test
periods are individudly compared to the average initid four-hour period and
each other to verify steady-state conditions are maintained. Thefollowing tests
are applied to both assessments.

The average room and weather Sdeair temperaturesand al other non-specimen
surface temperatures shdl not vary by more than ** 0.25C (** 0.5F) over the
entire eight (8) hour steady state period.

The total heat input into the metering box, Q (including G, and warm room
circulating fan power) shall be used to determine steady state. The mean of the
four one-hour steady state periods shdl agree within ** 1% of the mean of each
of the two hour test periods and each of the two (2) two-hour test periods must
bewithin ** 1% of one another.

Total heat flonCThetimerate of heat flow through the test assembly (surround
pand, calibration transfer standard, and metering box system), Q, isdetermined
by the procedures specified in Section 7.1.3, equation 21.

Surround pand hest flow, Qs isthen:

Qs = Cy™ Ag(tepr - tep2) (7)
Ay = surround pand area, nt
Cey = resultsof ASTM C518 or C177 tests
tpn = aea weighted room sde surround pane  surface
temperature, °C
tyr = aea weghted westher sde surround pane  surface
temperature, °C
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Note: The surround pand heat flow is determined as defined in Section
5.2.2.2. Any differencein hest flow in these equations may be attributable to
flanking loss occurring at the perimeter interface of the CTS Pand and the

surround panel opening.
Note 4: If amean temperature correction for the surround panel isrequired, conduct a caibrationtest at a

1.7C (35F) mean. Additiond cadlibration tests may be performed at two other different mean temperature
conditions as recommended in Note 2.

If s =t (** 1.0C[""2.0F]) and t,, =t;, (** 1.0C["*2.0F]) go to section 5.2.2.4 to determine the surface
conductances.

If tp, Ot and t,, (It go to section 5.2.2.7 to determine the surface conductances.
5.2.2.3 Cdibration transfer sandard heat flow, Qs, is calcuaed from:
Qs = Q- Qg Q- Qm
where Q; isdefined in Section 5.1.3
As a secondary check on Qs, the following equation is suggested:
Qs = CisBAs (' - 2) (8)
whee Cis = conductance of cdibration transfer sandard core,

W/(nf$K), as determined by either ASTM C 177 or
ASTM C 518 and ASTM C 1045

As = aeaof cdibration transfer sandard, n?
ty = average temperature of room side glass/core interface of
cdibration standard, °C
(SeeFigurel)
ty = averagetemperature of weather Sde glass/coreinterface of
cdibration standard, °C
(SeeFigurel)
5.2.2.4 Surface conductances, h and h, whent,; =t, (** 1.0C["*2.0F]) and t,, =t;, (*"
1.0C["*2.0F]):
h = QJ[A(t - t1)] ©)
where t = averageroom sdeair temperature, C
t; = average room Sde cdibration trandfer standard surface

temperature, C, which is cdculated from the following:
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t]_ = t]_' + Ct5$(t1' - tzl)/ Cg (10)

wheree C; =  Conductanceof glassfacing material on calibration transfer
standard, W/(mf$K)

Note 5: The conductance of the glazing layer isthetherma conductivity of the glazing materid divided by
theglazing layer thickness. A valueof 1.0 W/(m$C) [6.94 Btusin/(hr$ft>$F)] for thetherma conductivity
of float glassisrecommended if the actua vaueisnot provided by the manufacturer. For sodalimeglass, a
vaue of 0.92 W/(m$C) [6.39 BtuSin/(r$it>SF)] may be more appropriate, however the manufacturer
should be consulted before using thisvaue. In other cases, such aslaminated or plagtic glazing, the glazing
manufacturer shal providethe measured therma conductivity of theglazing materid. If no documentationis
provided, it will be the responsihility of the test [aboratory to acquire the therma conductivity of thefacing
materid usng primary sandard traceable methods.

hi = QJ[AS(t2 - t))] (11)

average weather side air temperature, °C
wel ghted average weether Sde cdibration transfer sandard
surface temperature, °C, which is caculated from:;

where: 1Y
ta

tz = tzl - [Ctﬁ(tll - tzl)]/cg (12)

5.2.25 Room sderadiative heat transfer, Q,;CWhen theroom side baffle or box
wall is close to the test specimen, pardld plate radiative heet transfer can be
assumed. Then:

G = Qu/As = Fu$08[(1:+273.16)-(1+273.16)]  (13)

where Fiy = LO[Vert(AJAn)$((Ven)-1)]

(assuming aview factor of 1.0)

e = emittanceof glass

&1 = emittance of the baffle or box wall

A, = aeaof baffle nt

ty, = areaweighted baffle temperature,

°C

0 = StefanBoltzmann congant =

5.6703x10°® W/(nf$C*)

5.2.2.5.1 The test specimen and the surfaces the test specimen is exchanging radiation
with must meet two criteriac a view factor of 1, and each individud baffle
surface temperature must be within **1.0C (**2.0F) of the mean of dl the
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surface temperatures. If either of these conditions is not met, the radietive
heat transfer in the Appendices, Section 11, is required.

Note 6: Toavoid the need to do aradiative cdculation, alarge baffle pardld to the surround panel may be
ingtalled close enough to the surround pand so that the test specimen (or CTS Panel) only "sees’ the baffle.
The baffleis required to meet the view factor and the isotherma requirements.

5.2.26 Room Side Convective Heat Transfer, Qq

Q1= Qs- Qn (14)
and
CIcl = chl As (15)

Using equation (15), the convection congant K in the following
equation for the convective heet transfer to the test specimen can be
determined.

K= qu/ (t| - t1)1'25 (16)

Note 7: The convective hest transfer calculation assumes naturd convection on the room side of the
cdibration transfer standard. To ensurethat asingle convection coefficient, K, can be used for fenestration
system tests, its behavior should be investigated, using the cdlibration transfer standard, over the range of
heat flowsexpected. The hot box operator may useaconvective correlation different from equation (16) if
it is more appropriate for the convective hest transfer Stuation which exigts for that operators hot box.
However, the test report should include the aternative form of equation (16) used and the dternative value
of the convection constant K obtained.

5.2.2.7 Surface conductances, h and h, whent,; Ot and ty, Ot

52271 Room side surface conductance, h;
From equations (13) and (15):

h = (0 + de)/(ti - 1) (17)
wheret; is calculated according to equation (10).

52272 Weather side surface conductance, hy,
where:

hi = QI[As(t-t)] (18)
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wheret, is caculated according to equation (12).
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6.1

6.2

6.3

6.3.2

Section 6
TEST PROCEDURE

Installation of Fenestration System

The fenedtration system to be tested shdl be ingtdled in the surround panel with aconfiguration
that smulates the actud indalation as closdly as possble. That is, the complete assembly,
including dl frame dements and operating hardware, should be in place during the test. The
sedling requirements specified in Section 5.1.4, Air Leakagefor the cdibration transfer standard
aso apply here.

Productswhich are not designed to be mounted to the exterior surface of arough opening shdl be
mounted flush with the exterior surface of the surround pand, and no greater than 1- 1/2" fromthe
interior surface of the surround panel, with the exception of the requirements as Stipulated in
Section 5.1.2.

Determination of Total Exposed Surface Area

The fenedration system indaled in the surround pand for teting shdl have the surface areas
determined for both theinterior and exterior of the product. Each surface applied thermocouple,
ether ontheinterior or the exterior, shal have asurface areadetermined to be used in calculating
an area-weighted surface temperature. This shdl be accomplished by taking two linear
measurementsfor each frame and/or sash component, height plusdepth. Themeasurementsshall

betaken in aperpendicular direction from the point of contact of the edge- of-glassto frame/sash
member interface to theinterior or exterior most point of the frame, and conclude at the point of
contact of the perimeter framing member to surround pand interface. In certain instances,

judgement of thelaboratory may have to be relied upon to determine the exact locationsto begin
and end thetota surface areameasurements. These areasshdl then be used for the determination
of surface area-wel ghted temperature measurementsto be used in equations 26 and 27 which are
found in Sections 7.1.7 and 7.1.8 respectively. (See Figure 6 in Appendices for illugtrations)

Temperature M easurements

After edtablishing steady State conditions as described in Section 5.2.1.A the following
measurements should be made:

6.3.1 All measurements specified in ASTM C 236 or ASTM C 976.

Additiona temperature measurements shall be made on the surround pand wall. The surround
pand sensors shdl have a minimum thermocouple density as determined by the relaionship:
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N = A/(0.07 + 0.08* /A)

where A isthe metering areain . |f the number of thermocouplesiswithin 10% of the number
determined by this relationship, then the requirements of this section are judged to be met.

6.3.3  Itisarequirement to make temperature measurements on the fenedtration system frame, glazing
(center and near edges) and on any other test specimen surfaces (slls, muntins, etc.), in order to
provide a representative area weighted value of the fenediration system surface to surface
temperature difference. 1t must be recognized that there is such a wide range of fenestration
system designs, therefore it is not possible to specify the locations of the test specimen
temperature sensors to provide a correct area weighted determination of the various surface
temperaturesfor al configurations. Specified interior and exterior Specimen surface temperature
locations are to be placed in accordance with ASTM E1423, Section 7.2. Each glazing corner
edge thermocouple shal be placed a a point 12.5 mm (1/2") from the adjacent framing
member(s). Also see AAMA 1503.1-88, Figure 5 for additiona guidance on thelocation of test
specimen surface temperature sensors.  This technique of area weighted temperature
measurements may be applicable when the frame and glazing conductances are smilar and the
surface geometry is not too complicated. If thisis not the case, excessve use of temperature
sensors may cause the surface conductances hy and h, to differ from calibration testsintroducing
further uncertainty in the results.

6.3.3.a  Theattachment of thermocouplesshdl be performed by usnganomind 1" wideby
4" |long adhesive- backed flat-white or equd emittance duminum fail tape with the
4" dimenson pardld to the thermocouple wire.

6.3.4 Radiation effectsCTo minimize the effect of radiaion induced error on the temperature
sensors, the temperatures of the following surfaces exchanging radiation heet transfer with the
fenestration system must be measured; 1) room side baffle, hot box walls and portions of the
surround pand which the test specimen can see. Thetemperature sensors must be applied to
these surfaceswith tape or adhesive which hasan emissvity smilar to that of thesurface. Any
hesting and cooling devices|ocated on the interior sde of the surround pane must be shielded
from the surround pand/fenedtration system. The air temperature sensors should either be
shielded or be as small as possible so that they are not significantly effected by surfaces that
they are exchanging radiation with (See ASTM C 236 Section 6.5.2 or ASTM C 976 Section
5.7.).

6.4 Wind Speed M easurements

Theexterior gpplied dynamic wind (perpendicular or pardlel) shal produce an exterior film coefficient
of 28.97 W/ntC (5.10 Btu/hr-ft>-F) "* 10% during caibration testing of aCTS Pandl. Theweather
side wind speed shdl be measured in the free stream condition. One such method for perpendicular
wesether sidewind would beto have the exterior wind speed measured at the mid-point areaof theexit
gperture of the discharge plenum. The sensor shal be located a maximum distance of 150 mm (6")
toward thewind generator from the vertical plane of the exit gperture. Note that the center of the exit
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6.5

gperture and the center of the test specimen should be in the same plane as noted in Section 5.1.4.
For pardld flow patterns, it isrecommended that thislocation be adistance out in the air stream such
that the wind speed sensor is not in the test specimen surface boundary layersor wakes. A minimum
distance of 75 mm (3") out from the test specimen center point is recommended. Periodictraversing
of the air flow field to determine the air velocity ditribution is advisable. On the room side, where
natural convection conditionsare used, it isadvisable to aso have asensor on that Side so that natural
convection conditions can be verified.

Glazing Deflection

Vaidionsin the pressure in the space between the sheets of glassin sealed glazing units may cause
deflectionsin the glass. In extreme cold weather cases, the glass surfaces may bow and come into
contact with each other at their centerpoints. This change in the enclosed space dimensions can
sgnificantly effect thetherma conductance, C,, and thetherma transmittance, Us, of thetest soecimen.
Factors which can cause a pressure unbal ance between the dazing unit enclosed air space and the
surrounding environment are:
(1) Differencesin the barometric pressure due to a difference in the eevations of the
fenedtration sysem manufacturing facility and the testing facility.
(2) Changes in barometric pressure at the testing facility due to loca westher
varigions.
(3) Changes in the mean temperature of the glazing unit enclosed airgpace during
testing.
Recognizing that glass deflection can cause achange in the therma conductance, C, and the thermal
transmittance, U, an estimation of the gap spacing between the glass sheets is required immediatdy
before and after thetest. The initid gap thickness can be estimated by either measuring the overdl
glazing thickness at the center or measuring the the deflection profile of each glass plate and then
subtracting the thickness of theindividua plates. Gap thickness during thetest can be estimated from
the initid thickness measurements minus the change in glass deflections which occur during the test.
The gazing deflection measurements shal be performed on both sides of the fenedtration system and
must be included in the test report. The glazing deflection measurements should be performed:
(1) After the fenedtration system has been ddivered to the testing laboratory and has
come to equilibrium in the laboretory.
(2) Just before the test commences, and
(3) Immediatdy after the test is completed and the test specimen enclosed air space
mean temperature is close to that which existed during the tet.
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Section 7
CALCULATION PROCEDURE

7.1 General Calculations
The following sections offer two methods of cdculating the standardized thermd transmittance. The

following criteriashal be used to determinewhich method isto be used in cal culating the standardized
thermad transmittance:

The area-weighted method shdl only be used if the measured thermal transmittance, Us, isequal to or
greater than 3.4 W/m?C (0.60 Btu/hr-ft>-F) or theratio of the test specimen projected areato wetted
area on either Sde of the test specimen is less than or equa to 0.8. In al other cases, the CTS
Method shall be used to determine the standardized thermd transmittance, Us.

The following shdl be calculated for each test:

7.1.1 Thetime rae of heat flow through the test assembly, Q, as determined using procedures
outlined in ASTM C 236 or ASTM C 976.

7.1.2 Surround pand heat flow, Qg
Qg = CoPALB(topn - ty2) (surfaceto surface) (19)
Where:
Cs= the therma conductance of the surround pandl, is determined by ASTM C 177 or ASTM C 518
measurements. The calibration of the surround pand shdl verify the values determined by ASTM C177 or
ASTM C518 measurements.
7.1.3 Test specimen heat flow, Qs
Qs= Q- Qp- Qi- Qu (20)

where Q was determined during calibration testing of the surround panel as described in
Section 5.1.

7.1.4 Test specimen thermal transmittance, Us

Us = QJ[AS(t - t))] (21)

where As isequd to the interior projected area of the test specimen.
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7.1.5 Equivalent room side surface temperature, t;

Equivaent room side surface temperature of test specimen, 1y, is caculated by solving the
following three equations for Q.1, Q¢ and t;:

Qs=Qun+ Qu (22)
Qn = ASF$0P[(tn1+273.16)* - (1,+273.16)°] (23)
Qu = ASKS(t; - tn)** (24)

where K and Fy;, are determined from the calibration tests and As is equd to the interior
projected areaof thetest specimen. Thevauesfor K and Fy, areto bederived fromthe CTS
Pand calibration test which has a projected area closest to the test pecimen projected area.

Note 8: Oneway to solve these equationsis by iteration. Assume avauefor t; in equation (23), caculate
Q., determine Q. from eguation (22), then caculate a new t; from equation (24). If this new vaue is
different from the assumed vaue, then use the average of the two t; valuesin equation (20) and repest the
cdculaion until thet; values agree to within 0.1C (0.18F).
7.1.6 Equivalent weather sde surfacetemperature, t,
t, = QJ(hi$Ay) + 1) (25)
where hy, is determined from the calibration tesis.
7.1.7 Room side surface conductance, h,

h = QJ[AS( - t)] (26)

where the room side surface temperature, t;, used is either the measured weighted average
vaue or the caculated equivaent vaue as determined in Section 7.1.5.

7.1.8 Weather side surface conductance, h;,
hi = QJ[AS(t2 - t1)] (27)

where the weather side surface temperature, t,, used isether the measured weighted average
vaue or the calculated equivaent value as determined in Section 7.1.6.

Note 9: It should be noted that the surface heat conductances, h and h,, determined from the
appropriately sized cdlibration transfer sandard may differ from the surface conductancestha exis duringa
hot box test on a specific test specimen. Actua fenestration systems usudly have frame and sash surfaces
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which introduce three-dimensiona convective heeat transfer effectsin the surface heat conductances. Asa
result of this, the test specimen surface conductances will differ from those obtained with the non-framed,
essentidly 2-dimensiond cdibration transfer sandard tested under the same conditions. In thisstandard test
method, it isassumed thet the differencesare small enough so that the calibration surface conductancescan
be used to cal culate equiva ent test specimen average surfaces temperatures, t; andt,, and thetest specimen
therma conductance, Cs.

7.1.9 Test specimen thermal conductance, Cs
Cs=1/(UUs- Uh - Uh)) (28)
7.1.10 Test specimen standardized thermal transmittance, Uy
Ug = L.O/[(L/hen) + (U/Cy) + (U/hsn))] (29

Where hs, and hep arethe sandardized surface conductances on theroom side and weather
dde, as defined below.

hen (WINP$K) = 1.77(t-t1)°% + 6$ey[(t+273.16)*- (1,+273.16)]/(t; - t,)
or (30)
hen (BtUWHBTESF) = 0.27(t)-t1)°% + 6Bey[(t+459.67)*- (t,+459.67) /(4 -t,)

where 6 = Stefan-Boltzmann constant = 5.6703 x 10° W/n?$K*
or
= (0.1712 x 10°® Btuh$ft’$R?)

e = emittance of glass surface on warm side
heni = 30.0 W/(mP$C)

or
[5.1 Btw/(h$ft°$F)]
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Section 8
PRECISION AND BIAS

8.1 The precison and biasfor thistest procedure is being determined.
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9.1

9.2

Section 9
REPORT

Thereport shal include al of the information specifiedin ASTM C 976 Section 11 or ASTM C 236
Section 10, and NFRC LAP and subsequent NFRC LAP Bulletins. The test specimen size and
design shal dso be reported. Any non standard test specimen Size and non standard test conditions
used shall dso bereported. If thetest specimen szeisnon-standard (** 1/2" in width and/or height of
theModd sizereferencedin Table 1 of NFRC 100), then the text "non sandard size" shdll beinserted
immediately following the 9ze everywhere the Szeislisted, both in thefull report and in any summary.
If the test conditions are nonstandard, then the text "non-standard test conditions' shdl be inserted
immediatdy following the name of the procedure, such asNFRC 100, everywherethe test procedure
is ligted, both in the full report and in any summary.

In addition, if gpplicable, thetimerate of heat flow through the total surround pand/test specimen, Q;
the surround pand cal culated time rate of heet flow, Qs,; thetimerate of flanking loss heet flow for the
surround pandl, Qy; thetime rate of heat flow through the metering box(warm room) walls, Qny,; the
net test specimen heat flow rate, Qs the weather sde and warm room sSde average baffle
temperatures, t,; and t,p; the surround pand area, As,; theroom side and weather Sdebaffle areas,
Ay and A ; the caleulated thermal conductance, Cs; the measured thermd transmittance, Us; the
calculated room and weether side surface conductances, h and h;; the values of t; and t; the
projected area, A, the total exposed interior area, A, and the total exposed exterior area, Ae, Of
the pecimen; of the fenestration system shal be reported and each of their estimated uncertainty
specified. The procedures used to estimate the uncertainties should also be documented as an
Appendix to the report. The criteria used to establish steady State conditions and the test period
duration should aso be documented. The following statement from Section 3.5 must beincluded in
the test report directly after the above results are reported. "This test method does not include
procedures to determine the heat flow due to either air movement through the specimen or solar
radiation effects. As a consequence, the thermal transmittance results obtained do not reflect
performanceswhich may be expected from field ingtalations due to not accounting for solar radiation,
ar leskage effects, and the thermd bridge effects that may occur due to the specific design and
congruction of the fenedtration system opening. Therefore, it should be recognized that the therma
transmittance results obtained from thistest method arefor controlled laboratory conditionsand should
only be used for fenestration product comparisonsand asinput to therma performance andyseswhich
aso include solar, air leskage and thermd bridge effects’.

<attacha.FNL -April 17, 1997>
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Section 11
APPENDICES (Mandatory I nformation)

Al. Calibration Transfer Standard Design (Mandatory Information)

Thislarge heat flux transducer isused in the cdibration of the surface conductances and for checking
the surround panel conductance. Figure 2 isaschematic diagram of a calibration transfer sandard
which congsts of a homogeneous, wel characterized, core cdibration materid made from an
insulation board that has aknown therma conductivity messured by ASTM C 177 or ASTM C 518.

Note 17: A recommended calibration transfer sandard core materia isexpanded polystyrene (beadboard)
having a density in excess of 20 kg/nT (1.25 Ibf/ft*)which has been aged unfaced in the laboratory for a
minimum of 90 days. A suitable facing materid is3 or 6 mm (0.12 or 0.24 in) float glass. It isrequired,
prior to assembly of the cdlibration transfer standard, that the therma conductivity of the material used for
the core of the cdlibration transfer standard be measured in aguarded hot plate (ASTM C 177) or aheat
flow meter (ASTM C 518) a, a aminimum, the following three sets of temperature conditions:

(1) cold side=-30°C (-22°F); warm side = 21°C (70°F)
(2) coldsde=-18°C (0°F); warm side = 21°C (70°F)
(3) cold side=24°C (75°F); warm side = 52°C (125°F)

For detalled information on the design see the publication by Goss, EImahdy, and Bowen listed in Section
10, Bibliography.

The temperature sensors are area weighted and located in the manner shown in Figure 2. The 49
temperature sensorsshown arefor al mby 1 m (3.3 ft by 3.3 ft) square cdibration transfer standard.
For other Szes, smilar temperature sensor densities should be used. The purpose of thetemperature
sensorsisto be able to measure accurately the temperature difference acrossthe core materia of the
cdibration transfer stlandard. It has been found satisfactory to use 30 gage thermocouplewirethat is
wired as athermopile to obtain an accurate core temperature difference. Thesmall diameter twisted
wire pair should be hammered as flat as possible and then soldered to a thin copper shim materid
goproximatdy 20mm X 20mm (0.8in X 0.8in) insze. Thereverse smooth sdeof theshim materid
Is then adhered with contact cement to the glazing facing inner surfaces. The glazing facing inner
surfaces are then adhered to the core materia with a polystyrene compatible contact cement. Since
the therma conductivity of the core materid is known, and it is possible to accurately measure its
thickness, the conductance of the core materid can be caculated. Thisdlowsthe heat flux through
the cdibration trandfer sandard to be determined from measurement of the temperature difference
across the core material.
A2. Radiation Heat Transfer Calculation Procedure (Mandatory I nfor mation)
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This calculation procedure isto be used when the assumption that the fenestration system and baffle
surfaces are paralel surfaces and the fenestration system only exchanges radiation heat transfer with
theisothermd bafflesisnot true. In many Stuations, the fenestration system al so exchangesradiation
heat transfer with the surround pand opening surfaces and with nonisothermd baffle and other
surfaces. In those stuations, the radiation calculation procedure described in this Appendix is
required. Before using the calculation procedure described in this Appendix, it is recommended the
section on radiation heat transfer found in Chapter 3 of the 1989 (or the most recent version in print)
ASHRAE Handbook of Fundamentas be studied. The materid in the following sections of this
Appendix closdy followstheradiation hest transfer materia given in the 1989 ASHRAE Handbook
of Fundamentas.

A2.1.

Radiation Heat Transfer in an Enclosure

In addition to heet transfer by convection (mass motion plus conduction), there is radiation
hest transfer between different surfacesin enclosures. In an enclosure, such asthe six sided
one shown in Figure 4, there are multiple reflections between the different surfaces and there
may be partial absorption at each surface of the enclosure,

In order to determine the net radiative heat transfer per unit surface area, ¢, from each

surface thefollowing assumptionsaremade. It isassumed that each surface of the enclosure
isat auniform (or isothermd) temperature. Although the temperature of each surfaceis not
exactly uniform, the temperature variation is usualy not sgnificant. Therefore, a uniform

temperature (the average temperature of the surface) can be assumed in the andyss of the
radiative heat trandfer. Assuming isotherma surfaces dso makes it possible to assume a
uniform radiogity and irradiation of each surface of the enclosure. Any surface where the
assumption of a uniform temperature is not vdid shal be divided into smdler uniform

temperature area el ements and the radiogity and irradiation of each area eement should be
consdered in analyzing radiative heat transfer between different surfaces. Thiswill makethe
andysissubgtantialy more complex soit isadvantageousto design an enclosurewith uniform
temperature surfaces.

Radiosty, J, is the radiation heat trandfer energy that leaves a surface. Irradiaion, G,
accounts for dl of the radiation heet transfer energy received by a surface. In order to
determine the net radiative heet transfer per unit surface ares, g, from each surfacel, itis
assumed that the surfaces are diffuse-gray, and opaque (no transmission of radiation through
the surface); and that the medium insidethe enclosureis nonparticipating (i.e. non-absorbing
and non-emitting).

The net rate at which radiation leaves surface i, g, is equa to the difference between the
radiogity and irrediaion of surfacei:

a4 = ASJ - G) (A2.1)
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where Jis the radiosity and Gis the irradiation of surfacei. By definition, radiogty isa
combination of the energy emitted form the surface, and the portion of the irradiation energy
that is reflected from the surface. Mathematically this can be written as:

J=E +p3$G (A2.2)

where E is the emissve power and p isthe reflectance of surfacei. Subgtituting equation
(A2.2) into equation (A2.1), the net radiative heat transfer can aso be expressed as:

gi = AS(E- a$G) (A2.3)
wherea; = 1- p; istheabsorptance. If theirradiation hasasmilar wavelength distribution as

the emitted energy (i.e,, the surfaces are made of the same materid and are & sSmilar
temperatures), we can assume that the absorptance is equa to the emittance of the surface.

e=a (A2.4)

wherethe emittanceis defined astheratio of the actua radiant heet transfer energy emitted to
the radiant heat transfer energy emitted from a perfect radiator:

e = E/E; (A2.5)
where
Ey = 63T (A2.6)

For an opague surface, the radiosity, using equations (A2.4), (A2.5) and (A2.6) can be
written as

J=e$E, +(1-e)$G (A2.7)
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solving for G in equation (A2.7) and subgtituting into equation (A2.1), it follows tht:

i = (Eoi - IY[(1- e)/(@$A)] (A2.8)

The surface radiosity J must be known in order to evaluate the radiation heet transfer g, in
equation (A2.8). Theirradiation of surface i is evauated from the radiosties of dl of the
surfaces in the enclosure. Using the definition of the view factor (see the definition of the
angleor view factor in Chapter 3 of the 1989 ASHRA E Handbook of Fundamentalsand the
figure of angle factors for surfaces that make up a rectangular enclosure), the tota rate at
which radiation reeches surface i from dl surfacesis:

A$SG =0 F;$A$] (A2.9)

where O is the summation over j = 1 to ns.
Using the reciprocity relaion for view factors (Ai$F; = A$F;) and subgtituting equation

(A2.9) into equation (A2.1) we can obtain an aternative expresson for the net radiation heat
flux from surfeceii:

oi = O ASF$( - J) (A2.10)

where nsisthe total number of surfacesin the enclosure. Combining equations (A2.8) and
(A2.10):

(Boi - D/[(1- €)/(e3A)] = O (3 - DSASF) (A2.11)
Using an eectric andog network representation to help solve radiaion problems is an
effective toal for visudizing radiation exchange in an enclosure (see Figure 5).

For any number of surfaces ns (ns= 6 for the rectangular enclosure shown in Figures 4 and

5), the radiosities can be determined by solving a sysem of ns Smultaneous equations.
Rearranging equation (A2.11), it can be written in the matrix form as.
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A22

[K]${J} ={E} (A2.12)
Section A2.2 shows the full details of the matrix [K] and the vector {E} for a six sded
rectangular enclosure.

Theradiosties, J, can be found by solving the following equetions in matrix form:

{3} =[KI'${ E} (A2.13)
Once the values of the radiosity, J, are known, the net radiation heet transfer from any
surface i can be obtained from equation (A2.8).

Evaluation of Radiation Heat Transfer

Inorder to caculate the radiation heat transfer between different surfacesof anenclosure, itis
necessary to obtain the radiosity corresponding to different surfaces of the enclosure. In
Section A2.1 equation (A2.11) was obtained as the following:

(Esi - /[(1- e)/(e$A)] =0 (3 - J) (ASF) (A2.11)

Defining the following variables to smplify the notation:

¢ =(1- e)(e$A) (A2.14)

b = AiSF; (A2.15)

Note that Ai$Fij = Aj$Fji. The’dore,

by = by (A2.16)
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We adso have:

B = 0BT*

(A2.6)

Subgtituting the above relaionshipsinto equation (A2.11), we obtain the following equation:

(Eoi - 3)/c =0 (3 - J)by;

Expanding equation (A2.17) for each surface of the airgpace:

(Epr- )i =0+ bia(dh - B) + ...... + D1g(d- Jp)

(Epz- )2 =bn(LH-J)+0+ ...... + Doe(&- Jp)

(Eps - J6)/Cs = D61(Js - Jn) + Deo(F6 - ) ..+ Des(Fs- &) + 0
Rearranging equation (A2.18) we get the following:
Ji(br + bigt...+ bigt 1) - biods - Di13ds -...-D1eJs= Eni/Cr

J(p1 + bogt...+ bt 1/Cy) - Dordh - Bpsds -...-Ded= Epol 2

Jo(De1 + Deot...+ Dest+ 1/Cs) - De1ds - D3 -...-Desds= Epe/Cs

(A2.17)

(A2.18)

(A2.19)
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The above sat of equations can be written in the matrix form as

[KI${ I} ={E} (A2.12)

where the column matrix (vector) { J} isdefined as.

i) (A2.20)

{J}=

and the column meatrix (vector) { E} isdefined as

En/ay (A2.21)
Exola
Exs/as
{E}=

Evs/as

Eve/a6
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and the components of the matrix [ K ] are defined as.

K11= bia+ bis+ bua+ bys+ bs+ ey (A2.22)

K 2= o1+ bas+ Dos+ s+ b+ 1/c;,

Kes= Dg1+ Dg2+ Dz + Dpa+ Dgs+ 1/Cs
and
K1z = -bi2; Kiz = -bi3; Kia = -big; Kis = -bis; Kig = -Dye

Smilarly, for Kjj, i=2,3,4,5,6 and j Ui ; Kj; = -by;

Therefore, a set of linear Smultaneous equations in the radiogities, J, needs to be solved.
Thismay be solved by savera classca methods of matrix inverson like Gaussan Elimination
or Gauss-Siedd Iteration. The result is depicted below:

{J}=[K]'${ E} (A2.13)
Oncevector { J} isobtained, the radiation heat transfer a surfacei can be calculated as:

i = (Boi - D/ - e)/(@SA)] (A2.8)
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Figurel
A Schematic Representation of Various
Temperaturesfor Fenestration Systems
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Figure 2
Calibration Transfer Standard (Not to Scale)
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Figure3
Surround Panel (Not to Scale)
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Figure4
Thermal Radiation Exchange Between Different
Surfaces of a Rectangular Enclosure
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Figure5
Network Representation of Radiation Exchange
Between 6 Surfaces of a Rectangular Enclosure
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Figure 6
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