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Thermal Conductivity Tester 

Introduction 

1 

Thennal conductivity, heat capacity and R-value are key properties to consider 

in designing structures (Wang & Chen, 2001). These factors affect the design of 

Heating Ventilation and Cooling (HV AC) systems and the overall environmental 

performance of buildings which commercially are rated by their energy requirements 

and efficiency. Proper thermodynamic analysis of structures is a very complex and 

detailed methodology employed by HV AC engineers to examine such things as 

building materials, heat transfer and air flow patterns which all have an affect on 

indoor air quality (Flaga, 2000). Understanding thennal conductivity, or the reciprocal 

relationship of thermal resistivity (R-value) of building materials is one of the more 

important factors to consider. 

Many of the traditional building materials have well documented and defined 

properties like R-value. However, with the ever increasing use of alternative building 

materials, many of which utilize recycled content, properties such as R-value, are not 

known and must be investigated. It is to this end that the Recycling & Reuse 

Technology Transfer Center (RRTTC) and the Materials Testing Service (MTS) were 

created. Working in conjunction with the Department oflndustrial Technology, the 
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RRTTC and MTShave become a very active center of research for the use of 

alternative materials. Therefore, it was the purpose of this project to develop and 

build a guarded hot box type thermal conductivity tester to measure the R-value of 

wall panels, wall units and masonry walls. This tester will expand the test capabilities 

of the Materials Testing Service and support continued research in the Department of 

Industrial Technology and RRTTC at the University of Northern Iowa. 
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Construction 

The purpose of this project is to research and develop a "Guarded Hot Box" 

type thermal conductivity tester used to determine the insulating properties (R-value) 

of construction materials and wall systems according to ASTM C 236-89 (1998). 

(See Appendix A) In this type of system, a construction material or wall unit is placed 

between a cold box and a hot box which consists of a guard area and a metering box. 

Mathematical equations for heat transfer and energy are used to solve for R-value. 

The design of the box is in accordance with ASTM C 236-89 which allows for the 

fixing of constants within these equations. The degree to which these constants are 

held are by the use of an advanced electronics console which controls temperature in 

the guard and metering box. 

To determine the thermal conductivity of a material it is necessary to know the 

area (A), heat flux (q), and the temperature differences on both sides of the specimen, 

all of which must be measured under steady state conditions. The technology behind 

the hot box's design is such to allow for the measuring of heat flux (q). Heat flux is a 

measure of the total heat input to the metering box through a known area (Douzane, 

Roucoult & Langlet, 1999). Temperature and area can be measured directly, but heat 

flux can not. The design calls for a five sided box metering box to be placed within a 

larger five sided guard box (hot box) with the open ends facing the open end of the 

cold box. Separating the hot and cold boxes is the material or wall unit to be tested 

(ASTM, 1998). The problem is that if heat travels laterally instead of through the test 
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panel, the data received would be corrupted. The guard box gets its name because it 

guards against the problem oflateral heat transfer. The basic premise is that if the 

guard box and metering box temperatures (average) are kept at a given value, then the 

net interchange across the walls of the metering box will be zero. At this point the 

total heat energy input into the metering box and the temperature differential across 

the test panel can be measured accurately. To accomplish this, the tester must contain 

adequate controls and temperature monitoring equipment for the accurate collection of 

data to determine the thermal conductivity of a given material. 

The hot and cold boxes are 30" x 30" x 30" inches square, constructed of 3/4" 

plywood without internal bracing. The boxes are insulated with Owens Corning 1 inch 

rigid foam insulation (r-value = 7.5) attached to the inside of the boxes with 

construction adhesive. The boxes are further jacketed with ½ inch drywall on the 

inside ( attached to the plywood outer housing with drywall screws) and taped and 

textured to ensure that the boxes are sealed to guard against thermal leakage. ASTM 

C-236-89 (1998) does not contain requirements for the size of the boxes or their 

insulation. The design of the boxes and the steps taken to insulate them were a 

function of space requirements, cost, and the anticipated size of wall panels to be 

tested. The size of the guard area (space between the hot box walls and the metering 

box walls) determines the thickness of wall panels that can be tested. The boxes 

designed here have a guard area of approximately 7-8 inches, which would allow for 

the testing of walls up to 8 inches thick ( expected thickness of a masonry wall made of 
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individual blocks). The cold box has an internal baffle to direct the cold air flow 

(from an air conditioner) through the box and evenly across the test panel or wall unit 

to be tested. The hot box has a baffle which sits directly behind the metering box that 

contains the circulating fans and heaters. Additional heat shielding and baffles are used 

to direct the air flow smoothly across the test panel. The metering box is constructed 

in a similar manner with its dimensions being 12 inches square. The metering box is 

centered in the hot box and has a separate track system so it can be removed for 

maintenance or for the maintenance of the hot box components (i.e., heaters, fans and 

baffles). Figure 1 shows a cutaway drawing of the boxes: 

Cold Box Hot Box 

AC 

Figure 1. Cutaway drawing of hot and cold boxes with airflow patterns. 
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The entire unit is attached to a cart with casters so the unit can be easily moved 

to a storage area when not in use. The cart has tracks to ensure the two boxes will be 

aligned for testing. The cold box is permanently attached to the cart while the hot box 

is free to move along the tracks. The opening faces of the hot, cold and metering 

boxes are sealed against the test specimen using a flat 2 inch wide neoprene gasket. 

The boxes are held tightly against each other using mounting brackets fabricated of 1/8 

inch steel plate and threaded rod attached to the boxes in four places to ensure a 

positive seal. 

Drawings. The following pages contain the technical and three-dimensional 

assembly drawings for the guarded hot box. 
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Instrumentation & Control 

As mentioned previously, to accurately collect the necessary data and maintain 

control over system functions, a sophisticated electronics control console was 

designed and developed for the guarded hot box. The control console is a self 

contained unit connected to the guarded hot box tester by quick connect plugs and 

cables to allow the control console to be placed in a safe place when the unit is not in 

operation. The following are the controls that make up the various circuits to control: 

1) Guard box heaters / temperature controls and sensing; 2) Metering box heater / 

temperature controls and sensing; 3) Cold box temperature control and sensing 

instrumentation; and 4) Guard and metering box circulation fan circuits. 

Guard Box Circuit. To generate the heat in the guard box, two 300 watt 

AC Watlow Controls Inc. resistance heaters were employed. These heaters were 

wired through a Watlow Controls Inc. Series 982 Controller, Variac (vohage 

regulation control) and solid state relay. Temperature sensing and feedback to the 

controller is accomplished through the use of two 3-wire RTD air temperature 

sensors. To maintain steady state operations the variac is used as a fine tuning 

adjustment to the voltage input to the heaters. The theory is to input a setpoint 

temperature setting on the controller and adjust the voltage input to the heaters to 

maintain the temperature in the guard box without the controller opening the circuit. 

If the controller is allowed to cycle the heaters off and on, the temperature in the guard 



box would fluctuate and steady state conditions could not be achieved. Figure 2 

shows the wiring diagram of the guard box circuit: 

guardbox.ewb 

L1 
-t',,,,,_.,._,,.,.,,,__,..,,.,--,...,....~,r ~--~ 

UI · ·: "-S-Relay I 
r + 120 V/60 Hz/0 n..... Variac i 
\''-/ '!"""lf lRV1 k!~%! 

. I 

u i 1 ~--!--------
......_.,~-----------' -"«'t'''-' '"·/1\-"'\r---J 

11 
T 

Figure 2. Guard Box Wiring Diagram 

Metering Box Circuit. To generate the heat in the metering box, one 150 

18 

Switch 
\ [Space] 

watt AC Watlow Controls Inc. resistance heater was employed. The heater was wired 



19 

through a Watlow Controls Inc. Series 982 Controller, Variac (voltage regulation 

control) and solid state relay. Temperature sensing and feedback to the controller was 

accomplished through the use of one 3-wire RID air temperature sensor. To maintain 

steady state operations in the metering box a second variac is used as a fine tuning 

adjustment to the vohage input to the heater to match that of the guard box circuit. 

Figure 3 is the wiring diagram of the metering box circuit: 

meterbox.ewb 

L1 

120 V/60 Hz/0 Deg 

Solid State Relay 

Variac 
[R]/1 kO!50% 

L2 ---------------" 
SA 

l 982 
Controller 

8 
• 
9 

10 

11 

T 
12 

150 Watt Hearter 
1 k!l 

RTD3wire 

l 
Figure 3. Metering Box Wiring Diagram 

Switch 
\ [Space] 
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Cold Box Circuit. To generate the cooling in the cold box an off the shelf 

8,000 BTU air conditioner was employed and modified to accept control from a 

Watlow Controls Inc. Series 93 Controller and solid state relay. As in the guard box 

circuit, temperature sensing and feedback to the controller of the cold box was 

accomplished through the use of two 3-wire RTD air temperature sensors. Figure 4 is 

the wiring diagram of the cold box circuit: 

coldbox.ewb 

93 
Controller 

s 
9 

10 

12 

1 

Soltd State Relay 

Compressor 
Switch 

Air Conditioner 
120 V/60 Hr/0 Deg 

....___--~-----' .... 

RT03wire RT03wire 

Figure 4. Cold Box Wiring Diagram 
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Circulating Fan Circuits. Both the guard and metering boxes incorporate 

fans to circulate the air through their respective boxes. The guard box uses three 24 

volt fans wired in parallel while the metering box uses one 6 volt fan. The fans are 

powered by a Hewlett Packard Triple Output Power Supply, also part of the 

electronics console. Figure 5 shows the wiring diagrams of the guard and metering 

box fans: 

_.L 
.;__sv 

T 
~Fan~ 

! 

_[ 
_24V 

T 
Gu8rd8oxFansl 

Figure 5. Guard and Metering Box Fan Wiring Diagrams 
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Thermocouples. The guarded hot box also uses twelve 2-wire K type 

thermocouples attached to both sides of the test panel to measure temperatures on the 

surface of the test specimen. These thermocouples are read through the use of a 

Watlow Controls Inc. Series 93 Controller. The controller in this area is only used as 

a digital readout of the temperature. Each thermocouple has a number corresponding 

to either the cold or hot side and its specific position on the test panel. A 20 channel 

selector switch is used to switch the display to the reading of the corresponding 

thermocouple for data collection. The placement of the thermocouples are such that 

two are placed on the test specimen in the guard area and four in the metering box 

evenly spaced. The remainder are placed opposite the other thermocouples on the 

cold side of the test specimen. 
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Operational Test Results 

To test the accuracy of the guarded hot box test system, an operational testing 

regimen was developed. This was accomplished by using a test panel of a known r

value as a standard to compare to the test results received from the tester. The test 

panel was fabricated using two 1 inch sheets of Owens Corning rigid foam insulation 

(r-value = 7.5 each) measuring 40" x 40" square. On both sides of the insulation 

sheets, a½ inch sheet of plywood was used to jacket the test panel. The two sheets of 

insulation and 2 sheets of½ inch plywood are sandwiched together using construction 

adhesive. Screws and other mechanical fasteners are not used on the test panel to 

prevent areas of erroneous results through heat transfer by either direct leakage or 

conduction through the fastener. The test panel has an approximate r-value of 16.2 ( 

2 sheets insulation= 15.0; and 2 sheets of½ inch plywood is approximately 1.2 r

value). 

R-value of a test panel is calculated according to the following formula: 

R= {11 -k} * A 
Q 

Where R = r -value of the specimen in °F. Hr :fl:2 / btu units; t 1 and t2 are the 

temperature / area weighted averages of the thermocouples oh the hot side metering 

area and the cold side respectively; A= the area of the metering box in m2
; and Q = 

the total energy through the metering box in watts. The number arrived at by the 
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equation must then be multiplied by 5.678, the conversion factor for °K m2 / W into r

value units °F. Hr ft2 / btu. 

For the operational test the guard and metering box setpoints were set at 

120°F and the cold box was set to 55°F for a temperature difference across the test 

panel of 65 °F. To achieve steady state conditions, the variacs are used to adjust the 

power to the heaters to maintain the desired temperature within the boxes using the 

least amount of electrical energy. The reason for this action is that one of the key 

elements in the equation for determining r-value is the total heat energy input into the 

metering box as noted in the equation. This is the sum of the all of the energy inputs 

(heaters and fans). 

To achieve steady state conditions requires anywhere from 8 to 24 hours to 

dial in the proper settings on the electronics console. Only when all of the temperature 

thermocouples on both sides of the metering area, and the temperature sensors on the 

guard, metering area and the cold side no longer fluctuate in temperature, is the unit 

ready to sample the data. According to ASTM C-236-89 (1998) the data sampling 

must be taken over an 8 hour period with at least one data set taken at each hour. 

Another 4 hours of data must be sampled to ensure no significant change in steady 

state conditions has occurred. The operational test was performed at the University of 

Northern Iowa's Department oflndustrial Technology Production Lab in June of 

2001. The test unit was set up on a Thursday and Friday. The actual test process 

began by dialing in the proper settings on the control console to achieve steady state 
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conditions. This process took the entire day and actual data gathering began on 

Saturday morning. The following is the information gathered from the operational test 

and the results: 

Metering Area "A" = .0582m2 

tlavg = 315.344 

t2avg = 292.334 

Q10ta1 = .4585 Watts 

R = (11..:...L) * A 

Q 

R = {315.344 - 292.334) * .0582 = 1.339 

.4585W .4585 

R=2.92 °Km2 /W 

The data shows that the test unit accurately measured the r-value of the test 

panel with an error of+ 1.85%, well within the allowable 3% margin of error as 

prescribed by ASTM C-236-89 (1998). 
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4t Designation! C 236 - 89 (Reapproved 1993)'1 

Standard Test Method for 
Steady-State Thennal Performance of Building Assemblies by 
Means of a Guarded Hot Box 1 

tt,i, ,t,trotln,J ii i»ll<\1 ,ip,kt Iii!, ~ ....,......,. f V~ u,e ..,mt,er ~ ~ ii.. ~n,:ra ,fldl<"•tft 11"' ,- d 
,>risinol~M. 1~1Jw"""' .,Jre-W-, ,ht )Of,;,fifflff'>isii.la.A 11»1Rl,;r Ill~ i,,.,._dl,,;"<ucll~ raw<.,.,.; 'I 
Pip,t,Aipl ,pilt .. {,) ind><Al(i ..i ~~<Ii= I~ I;$ ....WO,, m: ~ 

1~" ,r~ ._,, ,,,..,. ~l•P Kif., f,;, ~in,{ iM lktl"#'..., ef ~"' C'1'!all lM ™'1 lwk1< ~ ~ r.d 
.!.)1~, ·"" ,,J,,,, .,,.,.,ii< """,;/aw,. ,..-,.,ii '1< ,,_ nJ,,q<,J h 1s., ~r ,( ~. 

J. Sropr 

I.I lhis 1es1 me1hod, knoY111 as the suacrdr:d ho1 box 
method, <:O\'cn the fflC'JW!remcnt of th¢ 5leady4tate thermal 
1ran'lfer propc-rtic5 of pane~. In distinction lo Test Method 
C I 77. which i~ prim.uily applic:tbk 10 hom(~iK·ous sam
ples, the gu:ardcd hot 00~ m.-tru;id p!V~-ides for lhc e\'lilUiltiOO 
of therru.al pcrfonmmce or buildins 11$$Cmbues. This ICil 
mclood is wit11bk for bllild111i: c:onslrut."tion imemblits. 
building panel'- ilnd other appl~tion~ of 11onohomo
gt~us sp«im,ms al si mibr temperature ranges. It may also 
be ll$Cd for homogeneous specimcM 

L2 This te'1il method may be applied to lln)' building. 
construction for ~idl it 1$ possible to build a n:a11onably 
repmcntatil-e specimen of i.ile appn,prlatt for the ~ 
l'lllUS. 

Non 1-A .alitmitcd hot Mi. TM Melbod. f 976, lllliy Aho bt \ned 
f<I;· 1hr daait,c,;I ~Is and Dllly INO-e - sa.iidldory I« 
teuint li1l!lffllbl!Cl m'ldct ~IC ~ltioos (~~l allld lo 
enk!Dk! lhr d'la.'li ,.;f warer m~ .u4 lir ~ 1llir ~ 
M~ 1ht a.hlmaffil er i:Mguatlkd hot bos !holl.W be~ ~ly alter 
affl1II ~ of Ille i.'Qfllemplllied me. 

1.3 In appl~nJ this tC!ll method, lhe ~ prioci1lles 
ovtlined mUSt be folkW/00; hOW\?VCf, the de'wJs of thr 
appar.uus and procedUK-S may be varied as needed. 

I.). I The inlent of this test method is 10 .,irt UIC essential 
principla and lhc gencrnl amnaemmt of 11w apparatus. An>· 
test usms this BPJlliratus mun folkP\\• th* principlff.. ·tne 
dmib or the opparatus aD<d the su:gested proccd\lTC$ that 
follow are givrn not as mandatory fflluircmmh bul IH 
exam~ ortl1ill tt'!tt method and precautions that h.,ve oo:11 
found JSSCful to $llbfy lhe es.,enual prlncipb. 

1.3.2 Persons llPP'>in; this tM mdhoo dwI1 be trained in 
the method~ of lcmpcllltUrt fflNSUiffll.(:tlt. shall pos!CSS a 
know~ of the theQtY ofhi:at flow. alld shall undentand 
the gtMnal requircrmu:s nf IC!ltin& practice. 

I .J.3 ThiJ stamiard dMs 11411' purpv,1 10 addms all ef rl:e 
. ,nffty probkm,. 1/ any. aM(ldatd 14•ftlt [Is USt'. fl i,f the 
rrrponrrilu{il;• ojlht' ,ui:r <Jf tl,Js standard lo nuzh/iJlt a1w,r.~ 
p.ri'az~ .safety and ht'al1ir prm'ticn and dettrmi;ir tlh' llflplini-

• Thit lltst l?'.(t,~ n trt-c-!.'J •bt" Jllri~IH.,ie,.a ,,ii ASTM. c~tttr.tQIN ea, C!f 
1"hr.'n.l! fo~'.·u~{JII ,11:;J iii 1hr tli;'ffl ~~ -Of Slrt..:,;i.~Millff {' ff, .. 'ff) 0;1 
Tht;-nui M~mcrn. 

CUm-r.t <n!r~..-,r -'Pf'T'"'t ~- N, 1-t;lf:9. f\:Mtfflitid li..n~'." flillt 1Pq~H,,fh 
r,,;ti,.Jl«l a, C 1Jt • (,() l#Sl pr,:•-· Ni.liS C ].11, ~7 

Nlity qf "lfl1la11>ry· fimttailom p,for to '"w. 
Nun: 1-Wht~ '~"" ~ =r ht f'owld for tllmnal proi,nt!IC!I, 

1l!e h1~ S).'Slm ..r 1111ib i1ff1!1nd.,..wt1 1111hll.1"'1 mttltoo. 
Fat ~I!/ ffflon to htdl•ti,JUlld llffiJ kJloll,am-cuJioric i~tM, lft 
hbl>!! 

l. Refeffllteil l)oc:wnenls 

2.1 AST M Slan(Kll'(U: 
C 168 Termjnolt.Jfn' Rctatint to Th~rmal In,ul:111in11 

Matcriab1 

C ,n Test Method for Steady-Slate Heat Flux MCl!$Utt-
mcnU.and Thc:nnal Ttanmti$1iion Properties b)· Means 
of the Guat<feiHint-P1ate Appcmnur 

C Sl8 Test Method for Steady-State He11t Flm MC!llluri:
ments and Thennal Tr.wmis$ion Properties by Me.ins 
of Ute fft.wl fww MCk:r AppetatU$1 

C S18 ~on for Pmbrmcd Cellular Pot~y~nc 
Thermal lnswa.tion1 

C 976 Test Method for Tbcnual Perf'ormanct or Buildin, 
~bfies by Means o( a Calibrated Hot Box' 

C l04S Pncticc tor ~ ThmNd T,ml1UJ,$1C)!l 
P,ope:r1b from Steady-State Heat Flu1 Mcuunmcnti 

E 1711 ~ lot.Dealina With Outlyma Obiefvations1 

E 230 Temperature-Electromotive Fon:ie (EMF} T3bles 
for StMidanfiJ.ed Thdmocoul)b4 

E 691 Pmnec for CQndumng an l11tmabomoey Sludy u, 
Dctmnioe the~ o~ a Test Method! 

l. Tfflll~ 
l. I Definiti1111S- F« delimtiotlli of tcrrm; used in lhii tm 

me1hod, reftt to TermiMloCY C 168. 
l.2 Symbols.: . 
U, 1 The symbols ~ in this test method have the 

following signiflamoe: 
>. .. thermal c:onducti-.ity, W/(m·K). 
C = thermal conductance.. W /(m~ • K) . 
it = surfiKctOlld~. Wl(m2 ·K). 
V "" thttmal ~mminam:e. W/(m2 • K). 
q "' heat nu.J (time rate: of heat fluw through Area A), 

W/m, • 

'.1,.,,...i 11.tl <'I .i:i1'M s,,.,,,ia,J,:. \'ol to4 ,., 
l ..t~f;411 .tJad {~-,tSTV ,\"!1iti..J.itJJ, \'t,J 14 ,)( 

,11 fMir..uaf&,,:A,1fA,,1MS>'~. \•,~1 uo.: 
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WJtm t<)tl w,~=·iQ c,1,,'5•<m IQ ~ ~-tt·•F'! ..... ~11\J{f~ · 

m•IQ 
~ ooox 10-•-·-· - --. ·--·-·---·--·----.. --~· n••t> ... _ 

I W ,.,. .. ·, . .:-~ - •.000 2l8i!i:.: to-• U$98 0.$118 flllXl 

' '>1.'· !ffi '·K•··• ·• 100.0 1.000 023e!I 85.91! u.n 6')3 3 
I ell·•·• m, 1,J(""\ - ,ua., •tS'I' , 00() :»)0 .i.u ~>JOO 
I ~a;- n I•~ -K ~ Lt(l;i 1 163 >< 10·2 2 71!:,,: 10--4 t,()00 0"72" I! ()G4 

t e11.1,n '.ft•., .... ,, .• - 1.731 t. 731 "· to--> • 13,4 >I lG"· > 1.488 1.000 1200 
t etu•n.-~-•-tt·ll'" ... t . 0.1442 1..U2" 1()-• 3 oM-., ,. U)·• 0 t2,t/J IL3!3:,c ,a·• I 000 

__..,..,.,.,,~•·--~...,,,,.,._,-
~_.,C--A 

W,tr,,,t,KJfl -w~-~ Qfl/\:•-~•K} -~• .... •IQ·' '""""·"" •r, 
t ~•n,-#.,t( .... t "'"- 1000 1,000 ,r 10·• 2 • .:)E8><:1~ o ... o.n,1 
IW•t,t1>..,·K."'- I .IIQ() " 11)4 HJOO U3ee 811911 tlf!! 
, "'"1·•·• -mr-•-r.-. = ,197,. !O" .isv 1..000 MOOx 10' 7313 
1 ~11-a11Mf "m·••!I"' - U63 1 lf3 >t lo-" 2.778 ',( ia--• l,CKlO 021,C8 
18"tr""1•r.f .... ,.,.!F""' • 5.6711 ~(/78><10"4 1.3,.."'$ "- 10-• ·- 1 OC!!I 

,. ·l.hk ... !,JWW1,;, •-w(TI ..... ~ ,Jo!M ll'!l"--.0111' wMI. i2) IN~• lim--41 Tablot- 4. U!UJ, or .,.,a,..,_.,. "1ir ~-Jat,liij • 
1055 {!$,I 

• n,.,,. IS 1119 SI ,nt 

Q • tim~ rate of h~t flow, total input ro the mctenng_ bo.l'., 
w, 

.-1 .., mi:-tering area tmrm.al u-. heat flf.W,•, m~. 
L "" length of PQth of heat flow (lhidm~uhpe<.:imcn), m, 
N = minimum number (If therm1'!!0u.,r.es (sa- J;q L 

6.5,Lt), 
r • surlao: n:mtancc. K•m=/W, 
R = the-mull resmn~, K ·m:/W. 
R,. ""' o\/Cl'llll thermal resi!Utna\,, K•m1/W, 
tA - av.erase temperature of ak 75 mm or more from the 

hc>i surface. K. 
l 1 • area weipted a~-cra,c temperature o( hot surface. K. 
I; = area weighted ave-rage iempmitum of cold surface. K. 

and 
r, "" averaae temperature or air 7:5 mm or more from c-01d 

surfaoc., K. 

4. Summary of Tnl Method 
4.1 To dclmmine the condueuinc:-e, C~ dt.e: tb«mal tnms

roitumce, u. amt. the tbct-mal n::sistam:e. R. or any spedmen. 
it is ncccuary to know the area. A, the beat Rux. q, and Ille 
temperature diflcreDCC$, all or which musa be determined 
under such condltions lbat the ~ otbeat is steady. The bot 
~ b l!ffl apper1tw; deslsncd to determine lbamal pcd'or~ 
manoe tor tepresentali~ wt panels &nd is an ~t 
ror establishing and mahna.inin& a desired 5tf:ltd)' tempera
•~ diffttePCC act'OU a tesl panel for lhc period of time 
noccssary IO ensure conslant heat flux and steady •cmpe:ta
ture. and r(K' an additional perlcd adequate 10 measure these 
quantities to tbe dmn:d accuracy. The area and lhct tempet'~ 
atu.m can bl:, meawred directly. The heat flux, q, ~, 
cannot be din,cdy measured.. Md it a to obtain a. measure of 
q that the hot bo11 bu been ai~'lm its cha~ desian. ll'I 
order to detenniac q, a five-sidtd meteri111 ~ is placed with 
ill open side qaimt the warm face of the tr.st J)IIUld, lf the 
average temperature across the walls Q( Ute· metering box is 
rrmintigned the same, then the net interdlanlle between the
llldering boll and the surrounding s~ b zero, and the heat 
inpul to lhc metering hox is a measure· of the beat flux 
through a known area oftht!- panel The pamon of the panel 
oulili'd-.: tlte meter area. la"-rd by t~ air of the surrounding 
guard $pC11.."e. conwautes a guard area to minimize laaeral heat 
flow in the test pant"l ~r the rneterins area. Moisture 

5) 

migr;ltion. '-'ondemation, and fretting within the sp«jmcn 
can eau.1-e variatioM in bc-.tt flOl<lr. to avoio this, tbe dew point 
icmperaturc on the warm sick must be kept bd,;,,w the 
tcmperatutt of the cold side whl:n the warm surface h 
ill5iC'eptiblc to i~ of moisture V3PQr. h D expa'ted that, 
in general, IC$!$ in 1M guarded hot box 8N)MatlU ""ill be 
t.-ouducted on submmlially dry test paoels, with no effort 
made to impose or acrount for the effect of the ,,apor Row 
through iX in10 thc pa.rid during the test. 

4.2 Since the bmic priociplc of the test melhod iJ to 
maintain a zero ianpcratum difl'crcmcc aa<m lhe metering 
box ~illh. adeq~ <:antrols and tcmperat.ure,.moni1orin1 
c.apabillties are ewntiat It is. ~ that small cc-mp 
atu~ gradicnu could occur <hie to 1be limitations of coot,~,. 
len. Shtcie the tot.al wall an:a or the metering box is often 
more th.m twice tbe mderin, am of the pam:I, small 
temperature IJJadimt& dU'ough lhc walls may cau$t' heat 
nows totaling • silnifialm hction of the heat input to the 
metering. boll.. For dU$ R!lll01I. Use metering boir; walls may 
also be equipped to sen-e as a heat flow mc1cr so that heat 
flow lhroulh lb¢m can be mtimated and minimized by 
adjusting conditioll$ duriaa. tafs. Uld so that a hear flow 
corm::iion can 'be _applied in c:alaitating test iuult:,., 

S. Sipif1caoc'e ud lJs 
S. J When the guarded hot box is constructed to test 

assemblies in die verri<:1111 orientation, it i$ wiled for evalu
ating walls and. other ...atical strucrurcs. \.\'hen constructed 
kl test assemblies in the horizontal orientutiou, it b suited for 
evaluating roof'; ceili111, lloor. and olher horizontlll str,K-.. 
ture,.. Other. oricnladons ~ aJlowable. l'hc Ame aPJ)ltntus 
may be used Cot bolh ~ and horil'Ofltal testintt if it can 
be rotated or- rca•mbled in ehhtt orimtation. 

Non: 3-H~lal litnlCWla d!at~• •Ilic~ be'l .. ffn 
a "'Ii~ u4 ,1, stopirt& roof' 11ft bigbly ~ comtrvi:lion$. and le'\1111£ 
in the suU'dcd ~ !1!o,& ~ tic, abaDety diffi~tt. P~f ronslde1· 
.111ion m,m b'i' 11,i-vcn M> spcamco-, ININUll air moW1t11cnt, •-cetilalicm 
dl'c,;u. -siatiYC dl«t. bafflll!s 1111 1bl: ,_rd-mc1cr dct!!im::ttian. ,1c Alt 
of 1bcsc special coJ!ldilion6 mmt ~ l:ndOOt'd in tile ~on 00.1.1) 
CuMidc,n,i,,.m moul4 be si•a ltO Ille - of lbt- rnmw:111t<l hut .,,_.,. for 
such l;u;c. oompltl Mil$lo;,,:tlom,. 

5.2 For vent\.--al 5pcciln¢lU •ilh air 5p.1>1."t"S thal ~gn11,• 
ca11tly affect thermal penomutnc;~. tJw mcktfog he,'.\. height 
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'.'-11,hllii iLINllr maldl th,c ~1)thlrut"ttl'rl hdi»t. If lh!~ j~ lk}I 
V<-~ible. horiwmal wn•1r~1i1Jn barrier:; must be inst.all.>d to 
prewnt 11ir i;-u:ha11r,c betwi:-1.'n meti:-r and gu:.ird ate.as. unlrn 
it ('llll be sh-nwn lhat lhc ,,mw,ion of ~uch hamm ~ not 
"1!{nilii:anlly atroct =ult~ 

5J Fur .ill w,.--cimcns it is Dl.'n">:;;}fy to muintain a n~ 
zero ialernl heat flo•,.· \)<)1w«11 the guard .uea 1md the meter 
area ofthr: specimen. lhi!. can be ad1ic-v~ b)· mairmunins a 
near ;rm ti.-mper,uure differt'nce on thr: ~1men Aurface 
tx.1wcen the m.!ti:r.:d and ,1uarrl area.~- tn $f!<.>cimens inrorpo. 
ra1i11g an ckntl':11 of high liuernl -.,inductani:e ouch ~ a 
metal sheet), it may be ne~iiry to separair the m.ncred and 
the 111mm area\ l)flh.e hifhly conducti-.T e-lemenl by ll narrow 
!l,lp such ai; a saw <:ut 

~.4 Si~ thil t.e5t mi:thoo dctcrmlne5 the total flow of 
11:Cat throu&h the test .are-4 dem11rc.ite,.i by the metering bo.\, it 
i.~ p.iS\ibk to dnermine th( hr:111 flow throu~ a building 
dc:ment -.mallt:r tit.an lhL" te\l area, such a$ a windO\\' Qf 

n:pres.mtath·c ar-.:a of a f)Qnd unit. if the par.ilkl beat flow 
through the 1~mai11ing sum1unding 1m:a or mai.k is deter
mined (stt Anne~ A 0. 

6. ApJ111nt~ 
6.1 Mr.i,-.ri•m,·111-flg. I (.il show~ .i. schc:matic atrangl)• 

mc,nt of the tc,.t ~nel 3n,j 1>f vllrious m;ijor elcmentll of the 
:sppamtus: 1-"l-g. f{ii) and (rl show alwrn:uivc arrangements. 
Slill other amnaemcnt, 31:compli:shing the same t')Uri,osc. 
may be preferred for n:.1wm of ro1ncniencc or Q1C of 
instlllling panels., In general. the ~izc of the mmring bo;,. 
d-ctcnnines the minimum si.zc of the other elements. 

6_2 MeJtri»g BtJX.· 
6.21 Sltt•-:rhc size of the mettnng box is largely gov. 

erncd by tit(: metering area required to obtain a ~ta-

lhl 

-" 

1r,~I..JllltoC!! 

kl 

RO. 1 o-a1 Amtn,-- of Te-st Boa, Guetd BoJ<. 
Test PMII, and Cold Box 

live te!;t :m:·;i of panel FQf eumple, for ptallffl, i1Jc,i[1X•r.1ting 
air sp;;.-.-~ or stud wa~ the mc:ttring nrt:i, p1efe1ably, 
~hould c,ai.'11} s~n an integral number of Spl)C~ The hL"ight 
uf th,: metcrir.g lx>J\ should be nm ks than the width an<l b 
~ubject tu 1m: limitations li!l dacribcd in 5.2. Tht depth ,,f 
lb!:' metering oox should be nN pvater than !hat ttquircd tu 
accommodate ib n«@an,· equipment. 

6.2.2 Thmnaf R~Jfrt.qrn:·~Thc mdering bm, walls sh.in 
ha\'e .1 thennll! resis'-4nce of not kss lhan 0.113 m2 KJW In 
order ih:it the rt:Sistan-ce of the boll Wllll shall bl:- uniform o•cr 
the entire bo~ area. a construction without intcmul ribs shall 
he U:!ed, for cumple. ll glued bal$a wood or a :wi.ndwich 
constnt<.'tion witll aged urethane foam core. The edge in 
contact 1.1.ith the j:!Qlnel shall. tr~. be rwro~'Cd on Inc 
outskle ol!fy, ti;) hold a £ll$ket not m~1han 13 mm \\-ide. If 
~y. a ~ood oo~ can be used 10 carry lhi.' gasket. 
The mtitring l'lfCl3 of the pw,el shall be la.ken ~ the arr~ 
included l~t-wttn the center line$ of the g:nkc!S. All <11rbc(1 
that can c:,;chanflC radiation with I.be SJ)«imcn mii~I h11w, a 
total htmi~pheool emitt.1.n<:e gttater ~ 0.8. 

6.:t 3 lfrm Supply and ;fir Cfrmlotioo-Fig. 2 sh(,..,~ ;1 

possibl;. amlllgLfflCD[ or equipment in the mttcrini; t::•.1\ 1(1 
~ll.re an c~im. gc-nilc m,wcmrnt of a.ir over the metering 

FIG. 2 ~tc,ll!quipm,tntl)urlllgllleTeet 
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Jrta of tlu: panct The clcctrk heater> art m,°ltrnte<l in .i 

1:v11'>ing with wall!i r,f ~istJnct' n"t lc-ss than 0.83 me KJW, 
,J!ld with a lo\li cmimmcc outsiac sunacing to minimin: 
rndiati<)I! hear tran.\ter 10 lhe mctcring box wall~ In ttus 
.,mmgemi:m air b .:ontinuou;I;, ci,..:ula!cd by a ~mall fan 
upward through 1.hc cylindrie31 housint and downwan1 
rei .... cc-n thf b,1ffie and tht' panel in a,".Cordao,"\· with lbc 
mouon th:il v,ould r\~suh from natural convection for~. A 
slaH~fl'C' b.iffie is placed !iOmt' disbnce above 111.,, outkt of 
the cylinJrical housing lil pn:,·cnt impin;scrncnl of a ;ct of 
ht.atro :11r apnt~ the top mner surfure of the m~mni:; box. 
For lllQ';t meter boxes the cylindrical housing ma~· ca~ 
ronccntnttion~ or air flow. lo din:ct 11M: air properly across 
the ~cimen. othe-r fan arrangements may be pttfcrab!e. A 
,:urved ~anc i~ mounted at the top of the b.1ffic to smooth the 
entran~ of air into th< baffle space. tn a hot oox .1ppara1us 
u~ for lesting panel~ in JI ,-cnical pi»ition onl\<, the 
moderate drculatmn of ;ur resultmg from n.uurnl con\~.ct1on 
ma~ bc sufficiea: wi1hout the u:se of n fan. TI1e diange in 
1cmper.1t11re or the air a~ it movc.-s alont: the surf a.:.: nf the 
panel y,7Jl, in grncrnt be greater "ith natural circul,\tion than 
with :i fun. If t1 fan i~ us,.-d, its motor should be "'itbin the 
metering box, its ekctncal input sl'!ould be a, 'lm.all a~ 
ftasib>te. :ind the input should be ntrefull}' measured. ti it i, 
n~'\.'\."S$1l~' to IOl'.-a~ the motor outside the metering box. the 
heat equivall'nt of :he shail JXIWl?I' must be lK\."IHatelJ< 
1neasured. and air lcakag.e into or wt of tilt' metering bo:\ 
around the sh#A must be ,em. 

62.4 Tt'mtJt>n1turt Cimtroi-To obl.lilin rdiabk lest n,. 
suits. aecuratc temperature ronirol equipment mu..q be 
utilittd. Ttmp,er.ature controllers must be capable of rontrol
ling temperattl:I\: will:tin 0.25 K dlttll1i the test period. The 
heaters should be the open•wirt' t;-pe of minimal heat 
capacity and lag. 

6.2.5 <,askt'f.i~Thc contaci edges of the mr.tm~ box 
should t'MUre. b;· a gasket or~~ means, a light air~ 
against the surface of the test pane1; For ,omt panels special 
prmisions ma)' he n«ffl3ry. The metering box. ~outd bc 
i,n:ssed lightly apinst the panel by $uitable means.. Some 
pad materials asc with time and service. Pmodir. iMfX'C• 
tion of gaskdi is rccommc.nded in order to confirm lhcir 
ability to pn:n-idc a light sc.a.l under 'lest conditions. 

6.2.6 llmt Flux Tra.mducttr--To equip the tne1cring bo:\ 
W1llh to wrve as a heat l1ux uusduccr, a mtans of detecting 
the icmpera1urt ditl'm:nce across the mmring box walls or 
the beat Oux through the metering box ~-alh slla!J be 
pro,idcd. One method fouoo satisl'acton• lbr thif> purpose is 
to apply a number of differential thermocouplo c~nne<.-ted 
iu 11 ,mes to the iru.ide and outside ~ of the metering 
box walls to form a thermopile. Precautions mu-st be taken 
when determining the number of differential lherm0t:ouples. 
&fed on a survey of guarded hot box oiperatoo, 1M number 
of differential thermocouple pairs located on m~tcring bo, 
walls shall be fiv( pairs per ~uim: rm.'tn: of specimen 
metered arcu lOC',Ui.'\J on ihc metering ho:it sides. At nl°' time 
:-hall thcre be less ~hari I pair or diff'ercntial thc:nnocoupb 
on each of the fi ,·e :.ides -0f the metering oox ( l ). '., Pn·•:llul1011s 

t ·1",:' tN:r{iJl;:_c llit1nhcr- ,., s:11mtt:·:"),l". refn lo•~ ('-,,.t ,,frrirv::n,;:"· ~"1 ,:v, ~ft1! 
of ~II.a\ h:"•t w:~lu:'111! 

mus; .itso 1-:~ ~n~n determining locatinm of th<! 
1.hlTemmal th,. ,norouplcs. ~ temperaturc gradients 011 the 
inside and ouHidr of the mcttring bm wall~ llrt' likely to t11illf 
~md h11~e bttn found to be II function o( meterir.g and guar, 
lll)~ air n,loci1i~ and 1emfl(.rature. ~ junction, 1111d the 
1hermocnuple wires for at le-.ut a 1()0.Jllm d1:;tancc from the 
JLmctinn& sh:111 be flush wilh, and in thcmial contact with, 
the surface of the wall. The nutput ohhe thetnl()touple pa1,.., 
shall bf a,·crn~d. 

6.'.L 7 Th;;niwpd,: mil 1111ii I/cal Fiau.• /wlmi,.,1.~1irt·--The 
tdati'-'m~ip between tlxrmopile emf and heal flow through 
the metcnng 1:-.o:~ walls shall be dcimnined. rhis ri:lation!ihir 
shall be dctcrnum:d for each set of metering box conditions 
(temperature ;and air wloclty). A SUggeSlffl method of 
accomplishing this objed,,·c i$ outlined in Appendtx XI. 

!U GuJUtl Ba.t: 
6.3.1 Size-II is rteomfm'nded that the guard box be large 

cnc,ugb so that thcte is a dw disumcc be1wa:n 1u in nt'r wall 
and the nearot $l.lrCaoe of 1hc metering box of nQt k.-ss than 
the thid:ntss oft~ thickut panel w be leMN, mit in oo ca~ 
I~ rh.m t 50 mm, 

6.3.:! Jh~.mw:I ("mldummcr--To as.-;ure tha1 lhcrc shall be 
a temper.mire diifen:n~ c,r no more titan a kw degrees 
~tween Ill\.' suan:t box air and its inntt surface:s. the walls 
~hall M\'C a thermal condue11u'1Ct' not greater than 0.6 
W/{m7 · K). A low condu'1M.ce i, also desirable for opcratfog 
re.uotv... to $$Un! that the heat flow into or out of tb.e g111rd 
box from outside will be only a small fraction or the heat 
11.lw throu$1J the guard area of tbe tat pond. 

6.13 HMJ Supply and Air Circu/lllfon-0~ or more 
rcfl«ti~'C..sttrfaced cylindril:al he.rta' units with a fan mav br 
used 10 supply heal to Ute ·guard bol air and also to cirwla!A. 
the air lo avoid 'M!lldficaliot1. The fan air intake of at least 
('}flC such heater unit mould be located at the lowes! point in 
the guard box. to prewnt pooling of root air at the bottom. 
The air disch:&:rled from the beater cylinder shall not impinge 
directly qaim1 either Ult metering ~ll or lhc IC$l ~I. 

6.3.4 Tempm11ure C.oiuri,l-lbe guard box air 1empern. 
lUrc and heal input can he ctmttOlkd by a dUTerenlial 
thermopi~ such lU that used on the metering box for a heat 
flow met«. or. i,,_ a sensitive .bridac circuit with opposed 
temperature-fltnsitnie arms located in the gwmf and me• 
1m113 boxei;. To avoid bunting due to the small periodic 
temperature variatiom of the metcri ng bo11 air, as its 
thermostat functions, it is. desimble lO put the temperatnn:-
5{'Ds.ltive clement or the diffi:rmlial control in lhe metcrini 
h-Ox in good thermal contact with tbr insidt' $1.1rfact.$ of the 
metering box. The tempttatutNaensitivc clement in the 
g.unrd bo~ would be placed to avoid bcina dlm:th· in the air 
m-eam of die heater unit.~ and dlould be of minimum 
lhmnal lag. The cnruriil equi~nt used to maintain guMd 
bo11. temperau.1m mus& be capable of controlhni; 10 within 
0.2~ K. 

f>A G,ld &x: 
6A.I Sizt'-The size of the cold box is go,1:mt'd b}· rhe 

51ze of the test panel or by tht- arnngrm<-nt ofbo~e-. u~. as 
ilh11-traled in F'tt:. L 

1\4:? /r.mliirifm-Tht ~'Oki box should he he-a\'ilv in'IU• 
iat.:d to tt'l.lutt the mtuhro "-lpacit~ of 1hr rl!'friw,.'f'lltir 
.-qu1pmeni. and 1hr exterior of tM 1:old b,.i)\ ~hwld be 
:,r,w;di:",i with a good ,•:ipor IY,urier lo rn•\'Cflt mi;:,,..;.~ ,,f 
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~·apor and hr.a,·y frost accumalations on the coqling coil; 
6.4.3 Tf'!'IIIJINntrm• Comror-Tbe cold box may be i:'oolcd 

in any manner trun u i:1ipahle o( the dose CQlllroi of air 
temperature net:C$.'lnl) during a l~'SL An arrangement of 
equipment $lmillU' to tllat in 1hc mr1e1int bc>il may be used 
wi\h a fan to fbt(:,e air oownWlltd through the coc~ 
refrigerating coib and up~ard thmui::ft the splti.~ between a 
bal11c and the l~t flilllel ns intfu.'ated ltl Fig.. 2. It ha.~ bttn 
round sati$fm:wfY wilh an arrangement of this ~rt to oJ)t'ntc 
a unit refrigeration S}1.trm c;ontinuo\1$1)'. \\1th the evaporn. 
tion temperature of tm: ~'Oil held constant by an automat1c 
back'i)l\lS$Ul'C regulating vah-e, and refrigerant supplied 10 
the coil through an automatic ~on vah-e. An altcrna• 
ti\-e method is to mt an elite-rim locate{! rdiijcradon S}'!ltcm 
and imwlated dUt;~ IO suppl)' chilled air to tht rold box. 
Liquid nitroaen in ronn«tion with a sofcnoid valve ttgu
lating lu fit'IW may also be u!Cd. f'(J( fine control of tile cold 
box. installalion of open "ire d«trical heaters in the~, 
duct or other fa.st mo\·ing put of the air cin.--ulatioo s}'$tcm 
11nd controlling these ht'.ater$ by a sensor located In the 
&$charge nfthe air cm:ulatlon system is recommended. 111( 
U:$e or de&'itt.-ants to rnmovc excess.i\-e moisture m the 
rccirculatirtg cold air may be useful. Temr,enturerontmller.. 
for steady-state tests mu.st be capable of controlling temper• 
atures wi!hill ;t0, 25 K. 

6.4.4 Air CimdaJk'l'I-High air velocities an: pcrmi3$i.ble 
when their dfect upon heat Row is to be determined. This 
may be accomplished by directing the airflow either parallel 
or perpendicular to the specimen oold $Url'ace. One method 
of obuining p,mlttJ unifonn velocity is to force air through 
a space bc:twcen the specimen alld II pan,Jld baffle wfkw:. 
spaclna may be adjustable to aid in cha.rJaine the air curtain 
velocity. PamUd velocities, as provided in this test merhod. 
aid in oblaininJ uniform specimen surllK't u:mperaltlt'e$ and 
simulate the cffl:ct of Cl'OS$ wind.\. Velocities commonly used 
to simulate ens wind ct')nditions are .l.J!i m/S for summer 
conditions and 6. 70 m/S for winter conditio111, ~ic\llar 
\'doeitics, iimuJ•tius dim:t wind imping:rnenl iequire 
molling lu8et amounts or air than most pan.De! situation$, 
with corresponding lugi:r power requirtmmts. Abo. the 
bet11e should be placed funhcr from tm Spe,alJ!.ffl surface 

!, ,.. ----------~ 
t .! 

! 

and ,houl,;t h11vc II roro1L<; section {a. Kr~n or honeycomb 
ffow ~ra1g,'trenerl that Jin:,."t.~ the wind at the specimen 
$Un'lK,c (~ Fig. .l and 4). Vclocilics common!)· U:ll'd to 
simuLuc "'ind l.'Onditions ano: J.lS m/5 for summer co11di
tiom; an<i 6. 70 m/~ for winter ronditiom. Air leakage through 
the $~lmen should be eliminated by scaling all crack$ nno 
joints with tape. caulk. 1.1r foam strips. 

6.4.4.1 After con,muction of the air circulation $):stem a 
velocity S(",tn .ocr~ the air cul'L\in is required to verify that a 
uniform air euna.in is fonned. lbc apParatus should prO\'ide 
:1 llffllns for dctaminlng air ~'elocity past the specimen 
~un~, One method is to locate \'Clocity ,;en.sors directly in 
the air curtain, 

Nolt.....O,,.rcl'l •l~ t.o2!1.4 "1m 

,. 

m.a CIIRWlnd~ 

""-~-t~ 
/IHi,.■U 

~~:t-~;!;r. 
I 

,.. ... 
tUllftU 111,u 

Ncm I-~ 11\d INllid$ on 1!'19 "llf"'t.io. ft"'~ IO !!1811Yir<3 n •Pil<>n:J •,; ,..,. """""" 
l't:.'1t- 2-°"'611 ~ IMgl'l- •• .,.,._ . 
~rt 3-0net'dostlµi!tQ~ . .c'""' 
No•E '-ll!irfy,lwQ Qlgl(~ fare'lllllot ,. ~ lCo !i'C 

FIG. 4 Th-.1 Q\~ Olllgtam 
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6.5 TFmf"t'1Wm ... Jfea.w1i11g E<111ipm,·,ir: 
(,.5.1 /iJJ!l~IJWlttr-ThttmotQUpies o{ W If\'. 11•)1 

lllJ'!ICf in ~ze than 0.25 mm (No. JO AWG t,age), and .-hid1 
' m~ or are calibrated tO the special limit!- of error spe,..-ified 

in T11bks E 230, ;ue ~"OIDmeoocd for m<.'.1~urmg surf.J<.--c 
iemperatures in the appanitus {larger thermucouples c-.'ln lie 
·USt--d if it c.1n be shown that there 1$ no di!Teft'llC~ in bi.is I: for 
this J)llf])01C the thtrm()(()Uplt Junction and the adjoining 
k,3d wires for a di.\tance of al least 100 mm ~maid l'X" t.tf't'(l. 
or prderilbly eememed, tight!)' lO the surfa(.,e, The emimmce 
or the surfacinJ material tape Of «mlilll should be ci05C to 
the emittance of the surfaQI! 

6.S. I.I If the SJ)<ICimcn (and tbetefon: it'i thennal =is.,. 
!!noel is uniform. or nearly so. over the area aod thus the 
surface temperature. \W}' only slightly at tower air ,'drones. 
a minimum number ol'therrrw:Jcouples spactd uniformly :11nd 
srmmetrimlly over the wrfi!c♦ is suflicien1. This minimum 
number depends on the S'Pt'rlmen si:rt' Expt'rientt h.is 
shown that the required minimum number of ihermocou
p~. N, c.,n be determined from IM rela1ion that: 

.... ~ ,t/(0(17+ 008 .J:i1 (l t 

~ .1 is Int- m~ering an,a in m~. lf the r.umbi:"r of 
1hmnocoup!C! used i~ witltm 10 ~. of tht number dcier• 
mmcd by this relation. then the ~uire_mmts otthis stc1ion 
arc judjed to be met. 

6.5.1.2 If the ,peclmc:n is of nonuuifurm ronl4nl4-1ion, the 
number of thel1nocouplt$ spcdfttd in 6.5.!.I ma}' still be: 
sufflcie111. In this case tbe thermocouf)les Will be judicious!}' 
located to rqm:'$Cfll each of the OOMtnldion e.lemtnts. Such 
ttpttsenlltion lllwl he distnbu!td approximately unitbnnly 
and JYtnmctrittdly over the specimen surfa«. 

6.S. l.3 tr the sud'ace iempmitures are ex,-"ted tu be 
greatly nonurrirorm. additioaal tbennocooplcs mU!it be usc:d 
to 11mplc ar:lequatdy the diffmnt temperature lltta$ so that 
Jeliable waghkd mean tempeqt\tl'CS may be obtained. 

6.S.1.4 Wdh some, IJOn~ walls, such a.'I con
crete. it may be ad'Mlble to use (ij)pper shim stock under thl, 
thermocouples to •VCl'88t the temperature. Large aatttal~ 
in tht CO~ 1.1an rn!ate blll$id tmlpffilllff reading.t, 

6.5. t.5 At fast two surfaf.% thermocouples shall be p~ 
on the glWd area of lht sa,ecimen at suitable locations to 
mdkatc the effec:ti\'Clltffl of the guard at'Q. 

6.S.1.6 Surface tempmatum on the t'tlld side of the te$1 
J)llnel shall be measured by Sllrfacc ~"Ouples placed 
directly oppome tht\'IC: °" the warm side.. 

6 .. "2. Air temoeratures may be measuroo by mennocou
llies. temperature SlfflSIUYC ~ wim. or other Sl!flll(m. 

Air thermocouples shall be made of wire m:,t larger than 0.5 I 
mm (No. 24 AWG). 

6.S.2. I If thermocouples or 01her point sensors are used. 
they shall be located in die mete.ring box area in the $llllle 
quantity and sptcing as that specified for ~ d:~nmxou• 
pb in 6.S.1.1. The d!ermOCOIIJ)lc shall be lttmtd midway 
between the face of the pad and the baflk. if one ii. used. 
but in no f;lls,e lffl than 75 mm from the fact of tiK pand. 
The junctions of the thermocouples sflllll ha'l>e brighl me
iamc surfaces llfid $hall be 111 $11lall as J)Oli.Stbk to mmimm: 
radiation clTecu. Another method i$ to shield the tbermo
coupk junction, lb<! thermooouples may be placoi dire.::th· 
opposite the wrliice thermocouples; in an) cnsi: 11\l~~ should 

he lot.;tted a~' .... y ai; po:ssiblo: ,.,,,a the mctcnnr, JI'{'...; 

(,.$.2.2 Thc,mocouplc~ shall also be pl~~ in the guan1 
'Ip.let' al suitable location$. to indu:atc tM degree of uniior
miry of .i:uard ~1)3~ air tempe1atur~-s; preforably. one shou' 
be pla,"Cd DJif'0'11C each euaro area surface themKeeouptc; -
but not les~ than 75 mm from the panel. 

65.2.3 Air 1empcratures on the cukl ~id.: of the panel ~h.111 
be meMUrtd by one therm0t'Oupk placed dircctlv oppotjtr 
e.-.ch of th,: "''l"1ll suk air- tcmp,mnuN' tbermoco11pl.::s und 
loc:at«I in a pl.\nc parallel to the ~mens •;1,uf.ace and 
s~ far e.nNigh away that they ate una.11'1:l:to:d by 1em~'f• 
ature r,;adients in the ooundan· layer. The 1henn01.vuples 
mall Ix- located midway be-twm1 the face of the panel and 
the baffie. if or.e L\ t.Ked. for low velocities. a minimum 
~1(:tnJ of7:S rnm from the ~mc:n wrfacc' is required. At 
higher ~-elocities the ttquiml minimum sp&.'ing is leu hut in 
no c:rse less than 20 mm" No thennooouples nc,,:d be placed 
in the c:otd spnce opposite guard ~pace thermocouples remote 
(mm 1~ p11nel iurfate. 

6.S.:U If air tempcmtures ar.:- to be me.uurcd tw rm-ans of 
Te~i~unce wire grids. tbe -..ire sh4ll he dtstributei umfonnl) 
10 indk~te api,rox.imately the a\~~ temperature of the ,1ir 
on both 1,id~ of the panrl at a plam- midway bttv.ccn the
baffle aoo lhc p!lntl but in no tJPC ~ than 7S mm from the 
panel. 

6.5.2.5 fl is rcrommtnded tblll the su:rfa« lempcnllure of 
the b.\ffiC'$ on the hut and OQld 5ides be measured by pl:icing 
thCfffloco11ples on all surfaces the specimen an sec,. 

Non •-nm b not • l"CQuircmtnt ar lhii tc,11 l!ll'!l!oo t•11t " n1[dtl) 
r«.\'.llllmcl:ldcd, Tlttn, arr ~ r,;0;>11$ for the RCOm!IX'lldation ; / l 
!his iftdkdn ill'I}' ,1ilfettnce bi'lweell llw bulk tll"'" 1M air ICmpc
Dl- (1') it ""111 allow comctiolll lo> hi, tllil<k 10 Ille ntdiatii 
l'Ul11;P011Cftl of the J\ffllCe COC'ldui:ta!Kn dut to, dlrr- in IIK-st 
tmtptU!IUll'et: and (I) ii is MCClllill'}' to do lhl,,.,.. ~ft>t"D• i,;uch as 
slaw. wllidl ha,~ a !iij\h-tbmrutl <~"W'IC\'. 

6,6 f,mr11,m•11t!S. 

6.6, J All thermooouples or otha- tempcralure seru.on for 
ob$eniug $url'acl: and air 1empcraturt$ $hall have their lcaib 
brought out imllvidually to suitable measuring iMtru~nu 
capable of indi~tin; tcmperatlltt:!t, t0 within ;tO.OS K. 
. 6.6.2 Tolill &\-'ffitF power- (or intrgriu~ • 

"'tlpecificd time period) for all energy to the meter bo, shall be 
~ w within ±0.5 % or rtading under conditions ar 
U$C. Po~-cr .measuring instruments mUSl be comp,\bblc with 
the~ supplied wbethcr ac, de, on-off proportioning, etc:. 
Vohaat siabilittd power $UPf)lic$ arc suongly recommended_ 

6.6.J Velocities of air o,tt both surfa«s of the panel 
should be meMurcd with suilahl,: inuroment& or be cali:u
latc:d from a heat balanre betwmi the rate or loss or gain of 
heat ll5 it moves through the baffle~ as indicated by il!5 
temperatu« chllJI&(!, anti, _lhe rate of i'K'al now through the 
tcSt l)fUld, avera;e ~-;llues of which can be determined from 
the test data. It should be recorni?td that radi:int tram(<T 
between the baffie 1111d the !ll)Ocimcn can aff«t the- calcula
tion if the radi.ition ii significant. For 1hb rea!IOn di= 
~-docity measurement is desirahle. 

Non S-lt i, !t.".t;mm,•,"lod t~••t 2 '""'™ c,)lltt.>l J<,,atioo l,c 
~ish(d, Iha! itll!Omatk sc.inniitl, .,,,.1 tl'H!!rl"'' ,'QUl!>fflC':11 fot 
wnal!lendnJ ,;,p,m,-. bo: ll!>..-d, and 1lw dl•a I'<' cnmp,11tt l)l'c,.""""1 

t,,7 Vcrt.llrnu,m-W~n a nl'w or n1odilied apparatu~ !'> 

l'ofl!.tnll."tfil \'erific~t.ion t,e1.t;. ~h~lt ii..- con'111r.1.-d on p.'1nds 
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made from m11.u.>nals oi known conduccanct that doe; oot 
C'.\ettd l.5 W /(m~ • K, a,; determined in Test Mell'iods C P7 
or T~t Mdhod C S18"'. t\ny ditTercnces in results should be 
camufly llffll.lyled ll!1d cotttttive measuns taken, Further 
pcri(idic cbcs:ks arc recommended. 

7. Samplllle ud rt11t Spi:dmtm 
7. I Specim-em, shall be repmt';ll~ti\'C' of th~ construction 

to be investiptcd but may bt modified if neoes!Jllf)' for. lest 
purpo,es u m.t'ntiooed in S,2 and S.3. It must be ~1le!1 
that moditkalions to the ~ !'nllY result in rondi
tions that do not repment true fidd conditioos. ln many 
ca5Cll oonduction and oonveetion paths have ~ 
tl1eict on the performance of the specimen and must ht kl\ 
intact. Other comideration5 arc; • 

7. t. I Stmars-lRMIIII tempj::flltun; Sl:IISOf5 Ill ditected ill 
6.3. When desired, tempmturc and other semors may !'e 
insialkd throughout the interior of the ~n for s-pecial 
invcstiptions. . . . . . . 

7. I. 2 Ccnditionl,w-The usual pre-tm C?ndiuo~•!IJ ~ m 
ambi.ent air long enough ,o come to pracnc:al equilibrium. 
As,emblict that may bllve signuicant ~ oont~t. 
which can infloenc.i: iest mutts. must be allowed to reach 
S!Mdy-st111e moistute conditions. Sincetbe specimen sue .,,;n 
probably prec:lude oven drying,, concrete wall ~mens may 
req\l.tff 6 to S weeks of room tempensture ~: • 

7.l.3 ~ Jn.wlation-Wbe11 • test pand is imtalkd. ns 
edges shall, if n~. be inmlated to prncnt cdF cll'ect 
from overtaxilill the pa,ding cfltct ofthe·guard area of the 
panel For this purpo,t. the ~ or the puld ~•Y be 
protteted apinst heat loss or pill by a thicbess of imuJa. 
tionwilban.Rof I or 1.25 K•m2/W. ftmaybe~to 
vapor-proof the ill$lllation to ~nt condematiOII ~ Mois
ture in the edges of the pand, if a •~cal~ to 
Ulat ~ in fig.. l(t) is used The ecf&c of lhe ~n 
sbould be well sealed to preven1 air ~ ~ the 
patd and the cold box. 

I. Procedures 
8.1 Test conditions of tempe.rature and orieDtzdioa should 

be chosen to corffll)Ond as doeely as ~ 10 lhe 
cirtumstancn of use of the~ to~ ICSttld. This 
test method is primarily designed. ro, the temperah1m 
encountered in normal bwldina use. ~. it is m:og. 
nir.td that the method may find applicatioli Bl IC$tinJ 
condiliom that arc ouiside thil nocmaJ raqe. lt is m:om
mended lb.at a minimum temperatwe dil'Jlm:nlial of appro,;
l~ely lS K be maintained for ~ measurement. 

8.2 The required stabiliution and lC$t periods are as 
follows: 

8.2.l Im~ steady-state conditiom for al least 4 h prior 
to final data colltction. This condition n salisf"Kd wheu. ov" 
thil 4-b pt'l1(ld, 1M average mrface temperatUtt. did not vary 
by more !ban :t0.06"C (±0.t"F)and the avera,,:powerin t~e 
meter area did not \·arv bv morc than ::I 5 and the data did 
not change unidir«tionaih·. During this period. data shall be 
oollet."!ed al int!.'f\'ilb or I h or le$:;. 

"' Ptv.1il1t C ft;;:-; ,ni,,1.11 1~ .,.i<iJ ,i ,.~t•n1v:"t;tKn •'ffh ·1~ Metbods C l n .u,4 
h" Melb<Jc ( ,;s. 

8.22 After lh<' conditions in 8 2 I ha~e N-c'.r, ',.llislii,i.J, 
continue the tc)t JX.>tiod at le:rn 8 h. bllt do 111.lt 1.:1m1nu1c the 
test until two or more stu.X'Cfilitve ~h penol.ls pnxlu('c ll.'Sult! 
that do not differ by more than I ~;._ During thi\ r.-eriod take 
darn at intervals of I h or le§. The averai:e of the: d.11;1 for thj! 
1wo or more wc-."!Mivc 4-b pc~ that agn:c \\ilhrn I •:,. arc 
used m cakulating the final n:sul.s. In testing panels 1hat arc 
hta,dly in~ulat~. vc:ry ma~sive, or hoth, it ma) ~ n~t~~r, 
to e.~tend the duration of the lest beyond the m1mmum 
perioo of IW'O t;.'()llsecUtive 4-b ~riod~ lit ortlet to be n;urcd 
1hat conditions are stc.ady, as ii has been ob~n-cd th,u 
continuing btll -.mall incremental chan~ can give :a pr,:,ma
lur( l\ppe.Jll!m:C or $Ubility. 

8.2.3 Tut cakulation of a lime constanL ,i:nmtcd fmm 
apparatus mcasun:mena (Note 6) combined with an ~i
ltUlle of the thermal properties or lhe specimen, will help in 
estimating the time required for the test $Ct•UD to reach 
equilibrium. (2) It i5 alllO ~ that C an.i V value<. b~ 
C".1k.ul1t.tcd (Qr the test $pedmen, utili7ing kno~n l)fopcl1ie'l. 
oi the rompommts. Tbis will ~e :&$ gener.11 dwd, of lhc 
measunxt resulls and avoid seriou.~ CITOl'll in mcasurcmen1. 

Non /.-n,., l~<"lmaJ lflU~-\ of tt,., ilf'llhlll!U\ , ... , hr I k 1'131' It fa, lr:• 
~tributing IQ tbc time COIISlar.l of lbt .s)1:cm 

~LJ P,1111 t.1 he determined include: 
8,3. t The tolal net entfJ)I or ;1v~e flO'\'t'f 1hrour.h th~ 

specimen during a mni.sutcmmt inte1'al. This im:lutb llli 
meter box heating and power lo fans or blowcn. and any 
~ions fot meter box wall heat flow. 

S.).2 All air and surfare tempernturrs s.pedfa:d in 6.S.I 
and 65 .2 (Nok 7). 

ttl.3 The dfoctivc dimensions of the mctetcd area. 
Non 7-ln 6) 111,,, luc- of •~le,. m l<Jlll'l"flllll""· 

mmuri1111 ~ at ~ l'(linu an ~ for .:umi,lc. ill \be 
Jll'lird ~pa« at>d fJII the, p,a,d lll\S of ihe - p1111d. Th,r lrmpend11m. 
mdteal(d by SUl:h mcrmoro\lpl:s an: o< pi:a1 \'IIIIC i11 c-..i11U1111 * 
uniformil} ol'km~ ptt.-ailmt in lht l\lud 1PI" aDC! on 1hc lnl 
pant! wrl'ate&. "4at it i, DOC hsiblr lo ~palllrr r,tllttllly the limits 
within .. hicll ttnain of thCle mason:d tenrpmllum mus& ~ h 
inmt. lht'td:>r~, b! tlw ~ "11~ let ~ lo Ob<!lttvt, and 
~ die Jipificaoct of 1hete ~ t.o ~ !Jldr ciTect 
ppon Uie :nliuii,· of• puti<;t!IM - mm,;u,-L 

,. Calculation 
9.1 Calculate I.be final le,t results b~ mans of the 

following cquatiQn!; using ihe avel'3# data ootainc-d in 82.2 
for the ,wo 4-h period$ that agree v,ithin I '½: 

V • Q/A(li,, - I,) 
C • QIA(r1 - l1) 
R '"' (ti - tz)AfQ 
R., = (l~ - l().4/Q ,;,; r, + R + t~ 

r~ • v~ - t,')AlQ 
r, "' (I: - l,.).4/Q 
h~ e Q/A {f;, - t,1 
h, = Q/A <ti - I,) 
.\ = Ql.fA {Ii - l?) 
9. I. J For a rclatiwly uniform but nonhomogcnoou.~ ~rcc

imcn such a.~ normal walls. floors, mlin~ nc .. thr (lror,t'r
ties that ma, becak:ulatcxi arc tr,rn~miuan.x- i:. rnnJ01:tan, ... 
C. resistance R. o~erau resistan« R~, 5Ut1occ rcs:stan..-:es and 
~ucfae.e eondueumc-e5, h. 

9. 1.2 for unili)rm ~ml hom~tnfous spccimi,n$ all of tht 
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flr.:'!Pffiics lmcd in 9.Ll may be calculatell plus therm.al 
,:ondll(tivil)' .A. 

9.1.J for c:Jement\ ~ml!llcr thiltt the metering area, 1hr 
flrop<rtks that apply to !he clcmel11. ~ing to tM 
distin'-'tiunsof 9.1. I and 9.J.2 may be calculal«l if'tcsU ba\'t 
tictn run that allow !he eiemenl he.at flow to be determined, 
Annex Al ~ncs considerations for these calcubtioa\-

10. Report 
10.1 Rq,on the following inlormarion: 
JO.U Name. and any other idctltitkation or dC$Crlption 

of the lesl oon.wuetioo, indumng if necessary a blueprint 
~bowing imwrtant detlub. dimensions. and all modilitatiom 
made 10 the ron5truction, if any, and 5f)Ceimcn orientation. 
()e5aiption or the test construction and a complete and 
detailed description of all materials. This include$ the pcric 
name of' the material and its dtnsity. (For. h~pic 
m11teriab, iuch u some roncretc material$ and .,,-ood. the 
moist11tt content shoold also be gi\'tft~ If the thermal 
cond1M.."livit~ or these materia~ at the iest couditioos, ba\T 
been mCl1$ured in a bot box fll(:ili1y (Test Method C 236 or 
Test Method C976), a gua~ hot plate (Tl.'$ Method 
C 17 7) or u bi:al llow mmr rT ~ Method C 5 If}. the5i: 
..,alues should also he lndudtd 

~tm 8-B) gni~ lk'S'-1Jptlon. ti:wc name or 1hr lftlllml!I i4 
addilion I<> tllol' tJfand n.ttTK' ,-h<)ljld bt Bl'"" (tor c-umplt, ~!Id, 
cclllllu ~-~ffl\e l)'Jl': Vil! with ll dcru;it) of 21 q/m'; !pNCC
pl'IC'•r,, .,;;h " ltlm'1ul~ r,ml(,111 c,f I l '.l im1 ll dry demit:, of ◄$6 
l;;J,'m') 

I0.1.2 Peninent information ln ~ to preconditioning 
of the 1C:$l panel 

10.1,3 Sb:c and dim~nsions. of the metering and guard 
llfea$ of Ille te$l pa!K'L 

I0.1.4 Average valUC.$ dunnt: the test pmod of,he tmt• 
peratum and velocities of tbe air on both side5 of !he 
mcterina area of the panel. and or the u:mpel'lltun of the 
surfaces on both sides. (lf sipificant, give the a~ values 
or die 1empcratwe or~ 8"liS or the surface of the 
.,alld.) 

10. U Average ratt of ne1 beat input to the metering box. 
10. 1.6 Any thermal tr.tn$fflission properties caleulated in 

9.1 and the known precision of the cquiprnmt. Precisioa of 
the cquipcnent $hould be checked using the propqation of 
errors theory. 

Nan J>-Dia:u,.,iaas of tJti IIIC'lhod can be fouJld in many tot. 
book.scii ~II& elll~n.lal.ioia Mid ~,;at a!lal•(l). 

10.1.7 Test dllriltion and date. 
10.2 AU v.atucs 51\all be n:poned in both SI and inch• 

pound uni.I$ unlrM sr,c;t'ilied othtfl\•i:5e by the client. 
T0.3 W~ this test mclhod l$ specific.ity rd'cn:ncc:d in 

published tat reports and publi5hed data claims. and where 
de\'iations from the spe1.ifics of the tm method wsted in the 
tes~ used to obtain said data, the following statement shall 
be requin:d to 11('.rompany such published infurmalion: "'This. 
lest did not fully compl)· with the following pm\'15ions of 
Test Method C 2:36" (fQllowi:d by II listing of specific 
deviatioM from this tC\'I ml.'thod and an~· $]lCCial test 
oonditions thar ... ~re applied). 
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It. Pri!f;kloo aml Bias 
I U Backgmumi-A round robin for guarded ar.d ca'.i

bratoo hut boxe~ wa~ conducted in .in"Ofdan..'e with Prac.:1; 
E 69 I. This round robin involved 21 di!Tm:nt htboraklnl!! 
which l 6 had guarded hot boxes (4). Data "'~"' l't'Portcd foi 
tOO-mrn (4-in.) thi,k homogeneous SJ)t'l.irne~ of cxpandt'\l 
Jl(ll)"$tyn:rn: bow (Specification C 578). F.ich laboratcf'! 
ttecili;;!d material from a special manufacturer's 1,,1 that v.a) 
controlled to maintain a uniform dcngty. Data rcdurMl'I 
and analysis using Practtcc E 178 idcnlifltd m,e or the- t 1" 

laboratories as a statistical outlier. R~11l1$ from the other ! 5 
laboratories .showed that at a meari temperature !t I or 24'C 
(7S"F). the av~ R valuc was determined to be .2.78 K 
mJ/W (JS.77 F 1\2 h/Btu). 'fbc rctJ'fflion equation for tilt 
data.~ was: 
R- 3.146 - O..ol~ t (R in K•m:/W :u,d I in "C) t2J) 
R • 11 &ii - 0.02! t (R in F ftlb/Btu Utd, in "fl c:?h'.• 

O\'erthe mean temperature ran,ae from 4•c to 43-C (40'F t(.) 
1 IO'F). The mean specimen density ranged from .?O,.Z Ill 
23.9 kg/ml (1.26 to 1.49 !bs/i\l), 

I L2 Pr«ision-At a specimen thcmtai rcsi5Ulm:c of H. ., 
:us K•m1/W {15.76 F fi2h/BtU) and on the hlsis o( :est 
cnonlonc. the difference in absolute value of two le5t r~'Wlt~ 
obtained in different J.iborlltorics on the same ~Cl n,i.•n 
nwcriaJ5 will be expffle(I 10 exceed the reprodudbilil~ 
intcival only 5 % or the liinc ~ to Table: 2. For 
example, mC8Mll'ements rrom two diff'mnt laboratories on 
the same SJIC(imen could dilJ'cr by up to :t7.8 % at a mean 
tempcrauue of 24"C (7S"F} 95 ~ of the time. 

l J. l BJt1s-Based on guarded hot plate dala (T al Meth.-• 1 

C 177} from the Nalional lnsti1utc or Standanb and Tt 
nology-Center for Building Tcdmology and supponed t>} 

n:ie.uurt'ments from other laboratories. the true value for the 
round-robin ~men i5 a tbfflnal rcsiSlll1KC of 2.81 K · m'1 
W (ls.94 F ft1h/Btu). The mean wluc measured by the 
guarded bol bin ddremt by-1.07 %. 

Non lo--Allo1tlet tm lltrics - condYC!ed QQ 00f!lt~)ll1 

""""""1ft kic ~in~ ...... ~ bOIICSMdlfl'cRnt laborue,. 
,la. (5, f) l•valilff of Ille ~ ~ from .IP(!fmlmalcly O 5 m 
2.1 K,n,JJW (J 10 I I.If ftJII/BIV)at IDWl 1CfflpcntUICS~4. 24, and 
,Ye(~. 7$, 11.ld I lf)'F). Tl1is 9l:riCll hldiocaml 11111 fflllllb ,.-ilit pn,:jsioi, 
of*S~maybetM:hi!Md. 

Non !I-Bodi fOlllld lobiffl med • Dnm[lll!ll«MU ~ll!lefl. ~ 
iltffl .an tfflion. A(tual wall ~ Iii! bf ~-\. Tot 
p,eci,iott an.i 11W Im nt:,l yc,t '-r!·dc1cnni!K'd l'or ll<)M(lm~Ol!l 
~ Thi: abovt lWCmctlli pmvidt a ~lld. 

12. Kt~ 
12.l building as$C'mblies; guarded hot boll: le$t tIK"l.hod; 

thermal perfonnance; thermal resistance 

•l(,tq 295(161$) ct.13 . ~.1'122(;tUJI 
2-4{75] ?.7!(1571) :a7t z0.22(!;t231 

~t_,1-0_,1 ___ ~_11C_(1_o_lll ___ ct_i_.6 ___ :._022_,,,__r_.t,1 
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Test Procedure Sheet 

36 



37 

Thermal Conductivity Test Procedure 

Basic Machine Setup 

1. Plug in extension cord and power strip of electronics console to uninterrupted 

power. 

2. Plug in all power cords to their appropriate outlet on back of console & tester. 

3. Turn on main.power to electronics console (located on back). *Note: Make 

sure guard box and metering box main switches are in the off position and that 

the guard and metering box variacs are set to zero. 

4. Set all controllers to desired temperature settings. *Note: Controller memory 

will save the setup parameters of the previous test. Therefore, if the same 

parameters will be used as in the previous test, this step can be skipped. 

5. Turn both guard and metering box main switches to the on position. 

6. Turn guard and metering box variac power settings to 100%. This will allow 

full power to the heater to get up to operating temperature faster. 

7. Adjust the output of the HP Triple Output Power Supply to full vohage for the 

guard and metering box fans. 

8. After desired temperatures have been reached in both boxes. Adjust variacs to 

a setting that allows the maximum temperature to be maintained while still 

supplying power to the heaters. The red light on the controller tells you that 

the controller is supplying power to the heaters. 
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9. At this point tum on the main power switch to the AC unit on the cold side and 

adjust the controller temperature setting to the desired setting. 

10. After variacs have been adjusted and steady state conditions have been 

reached, allow the boxes to set another four hours to normalize temperatures. 

*Note: Reaching steady state conditions could take up to 24 hours. 

Data Collection 

1. Using the data sheet, record guard box temperature, vohage and current using 

an appropriate meter. *Note: Guard box voltage and current measurement is 

not necessary to determine r-value. 

2. Record metering box temperature, voltage and current. *Note: To determine 

metering box current, measure the voltage drop across the .ln resistor and 

solve for current. I= V/R 

3. Record temperature readings for all 12 thermocouples using selector switch 

and reading on the temperature controller. 

4. Record the voltage and current from the HP triple output power supply. 

5. Convert Fahrenheit to Kelvin for the thermocouple temperature readings. 

*Note: The asterisks next to the thermocouple numbers denote the orientation 

of the metering area thermocouples and those opposite them (i.e., 1-4 Cold 

Side, 7-10 Hot Side). 

6. Take area weighted average of the metering area thermocouples by multiplying 

the temperature (Kelvin) by thermocouple area 
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7. Sum the 4 weighted averages for the cold side temperatures and divide by the 

metering box area. This value is t1• 

8. Sum the 4 weighted averages for the hot side temperatures and divide by the 

metering box area. This value is t2• 

9. Calculate total energy (W) into the metering box by combining fan energy and 

heater energy. 

10. Plug these values into the formula and solve for R (thermal resistance). 
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