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Development of a "Guarded Hot Box" Type Thermal Conductivity Tester

Abstract

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.
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Development of a “Guarded Hot Box” Type

Thermal Conductivity Tester

Introduction

Thermal 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 (HVAC) 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 HVAC engineers to examine such things as
building matcrials, heat transfer and air flow patterns which all have an affect on
indoor air quality (Flaga, 2000). Understanding thermal 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 .;uch 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 of Industrial Technology, the



RRTTC and MTS have 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 expénd 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.



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 n
the guérd 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 (;f 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 mgasured 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



panel, the data received would be corrupted. The guard box gets its name because it
guards against the problem of lateral 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 Owehs 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 % 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 bO); 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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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 followihg 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 (voltage
regulation control) and solid state relay. Temperature sgnsing 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
L
. g 1 o
AT
ﬁf@ [T)Solid State Relay
P ’
(< )120 V180 Hz/0 Deg Vaitac
O (RY1 kEY50%
2 Y e |
- 300 Watt Heat i‘
i a8 oater 5
A 1 - 1k ) Feecel
mereed »‘sza ?-—_ » 1 AVATAY :
i H
, L] soowetHeater |
12 R 1 kG
4 e AU P e
) 962 T
dor  —3V
Corrofler RTD 3wire RTD 3 wire
*s ’
1f !
. | !
; | |
: |
10 ‘ : %

Figure 2. Guard Box Wiring Diagram

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

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

18

Switch
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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 RTD air temperature sensor. To maintain
steady state operations in the metering box a second variac is used as a fine tuning
adjustment to the voltage 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

{1
8 b i{ | JiSolid State Relay
@ 120 V/60 Hz/0 Deg Variac
RIV1 kG50%
L2
, N
A 21 22 11 Switch
% « ¢ ? 150 Watt Hearter ¥ [Space]
1 k(2
12 AN
—_— 982 — -
- B T
Controlier ——-3V RTD3 “"F’e
- L‘ .
8
9
10

Figure 3. Metering Box Wiring Diagram
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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
120 V760 Hz/0 Deg
L1 {/’“:;\ L2 Solid State Relay
16 "‘«f (: 7 T [ {i
Compressor
itch
Air ditioner
5A o 11 120 V/60 Hz/0 Deg
—A e Y o)
- Y
12
- o R
3V
Controller o )
g RTD 3 wire RTD 3 wire
1 Iu » (XX
8 i :
9
10

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:

cooling fans.ewb

i i

i

L “ 5
24V GuardBox Fans » @ ;

» g g L

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 thlS 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, a; % inch sheet of plywood was used to jacket the test panel. The two sheets of
insulation and 2 sheets of % 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 of % inch plywood is approximately 1.2 r-
value).

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

R=(t,-t)* A
Q

Where R = r -value of the specimen in °F. Hr f? / btu units; t, and t, are the
temperature / area weighted averages of the thermocouples on the hot side metering

area and the cold side respectively; A = the area of the metering box in m%* 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 m* / W into -
value units °F. Hr fi* / 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 perfo‘rmed at the University of
Northern Iowa’s Department of Industrial 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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qgm Designation: C 236 - 89 (Reapproved 1993)4

Standard Test Method for

Steady-State Thermal Performance of Building Assemblies by

Means of a Guarded Hot Box'
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Tiir stavcond bgr b apwwned i we by spvncies of the Depinrseny of Deferse. Cosslt the D) Indes of Spegthotions amd
Srspndeiy b the il poav af i which Aas beew odvgted Fy the Dvpartemt f Defesse.

Ny —Newtion 13 way added nditortlly wn Sepiember F993,

1. Scope

1.1 This tesr method, known as the guarded hot box
method, covers the measurement of the stcady-staie thermal
teansfer propertics of panels. In disiinction v Test Method
C 177, which is primasily applicable to homogencous sam-
ples, the guarded hat box method pravides for the evaluation
of thermal performance of building assemblies, This test
method is suitable for butiding construction sssemblies,
buikding panels, and other applications of nonchomo-
LentoUs specitens al 5imilar lemperature ranges. It may also
b used for homogeneous specimens,

1.2 This tet method mav be applied 1o any building
construction for which it is possible to build a reasonably
representative specimen of sze appropriate for the sppa-
s,

Note 1—A calitsrgied Dot bos, Test Method C 978, may ako be used
for the deseribed mcasurements and ey prove Mo satisfactory Fw
testing asserablics under dynamic conditions (normesadytate) and 10
cvaluate the offects of water migrtion and air infiliration. The chodce
hetworn the calibrated of the guanded kot box should be made only siter
careful consideration of the conteropliasted use.

1.3 In appiving this test meihod, the general principles
outlined must be followed; hiowever, the details of the
apparatus and procedures may be varied as needeod.

1.3.1 The intent of this test tethod ix (o give the cssential
principies and the genend arcangement of the apparatuz. Any
test using this apparatus must foflow thase principles. The
detaiby of the apparatus and the suggested procedures that
follow. are given nof as mandatory mquin:mcnﬁs but a3
exampies of this 101 method and muuons that have been
found wseful to satisfy the essential principles.

1.3.2 Persons applying this test method shall be trained in
the methods of temperstone measurement, shall possess a
knowledge of the theory of heat flow, and shsl undersiand
the general requirements of testing practice.

13.3  This sandard does nat prirport (o address all xJ the
safery prodlems, f any. associcled with s wse, It iy the
rexpansilility of the wser af this siandard 1o establish appro-
priate safery and health peaciices and détermine the applicy-

S This pest mctod 5 endior B umhlnum L' JGTM Commpitue U5e oy
Theema! Snugiaton atsd s the dire) bility ol Se {109 oy
Thezrsal Meaturemon.

Curtert abriar appuemend Sept. 29, 1959, Publithed Yonr B RReerally
pubished a3 €23 - 60 Last prevoss oddion O 236 - 7

bilicy of regudatocy limitations pricr (o use.

Nive 2—Wikile sarious unitt may be found for thermal propertics,
the International Systom of onas iv wsed exclinivedy in thas test sierhod.
For convergion factors 1o tach-pound and iulogram-calorie systerm, see
Table &

2. Referenced Documents

21 ASTAM Standards:

C 168 Terminology Relating 10 Thermal Insulating
Materialst

C 177 Test Method for Steady-State Heat Flux Measure-
ments and Thermal Transmission Properties by Means
of the Guarded-Hot-Plate Apparatus®

C 518 Test Method for Steady-State Heat Flus Measure-
ments and Thermal Transmission Properties by Means
-of the Heal Flow Meier Apparatus?

C 578 Specification for Preformed Cellular Polystyrene
Thiermal Insalation®

C 976 Test Method for Thermal Performance of Bmldmg
Asscmblies by Means of a Calibrated Hot Box?

C 1045 Practice for Calculating Therma! Trynsmizsion
Properties from Steady-State Heat Flux Measurements?

E T8 Practice for Dealing With Oudying Observations?

E 230 Tempersiure-Elechomotive Force (EMF) Tables
for Standardized Thermocouples?

E 69} Practice for Conducting an Interiaboratory Study to
Determine the Precision of a Test Method?

1. Terminology
3.1 Definitions— For definitions of terms used in this test
method, refer 10 Terminology C 168.
1.2 Symbols;
12t 'l’besymbokusodm this test method have the
following dgnificance:
3 = thermal conductivity, Wiim-K),
C = thermal conductance, W/ m?-K),
4 = surlace conductance, WAm?-K),
{ = thermal tausminance, WAm*-K),
g = h(ial giux {ome rawe of heat flaw through Area A},
Wim*,

T Awsad Bk of ANTA? Seomilarits, Vot o (e
b drwnni Bock o ASTM Staiderds, Vil 14 97
» Anrsatt Bred oF $STA Savderds, Vol 1407
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TABLE 1 Convaersion Factors for Thermal - i
Wit Ky wiom- cageemky W S 1R f‘:,x“‘:,"
TR R - : 000 000 = 10 2388 % 1077 98508 osrre &9
AW K. 100.0 1.000 0 2584 8558 57.76 &% 3
1eN AT oM K - 4137 g 200 3820 2419 203300
P L L L T S 1163 1163 » 102 2TTE % 1Y 000 Q8T 8064
VBTN R 1733 1730 102 & 134 5 192 1 488 1.000 1200
PEmon R RT T . 01442 1,442 = 103 Baas w30 o 1240 B233 % 107 r 000
_ Thenra: Conductance’
WAt R Wien?® K rokfn -om? K} Ng-Caih - 1 - K} B N
T W K 1 000 1000 > 107 2358 x 0% Da398 0.17%1
| Vi cnd B o 1.000 x 104 ¥ 000 D2uss AR 1764
[ T Sl el Sl 4187 » 10" 4187 1,060 3600 x 104 T3S
1 ot bt R - 1.153 LRI =F 5 | g 2778 x 104 1.000 D.2048
v g B E 5678 5678 % 10" 1358 = 10~* L3 ] 1.000

* 1 iralis. 9@ ghvaan i bewrre of (1] the absokte jauie per 9econd o wall, (T} the calore (Wternabiord Takko) = 4 16B8A L. or the Brish emal it Aniecnatorad Tabio! «

5506 &
# Yrig i the 31wt

timy rate of heat fow, total inpet o the metenng box,
mr:-h:rins seea normal 10 heat flow, m?,

length of path of heat flow {thickness of specimen), m,
minimum number of thermocouples (see Egq 1.
6.5.1.0)

surfsce resistance, K-m?/W,

thermal resistance, K-m?/W,

overall thermat resistance, K-m*/W,

average wmperature of air 75 mm or more from the
hot surface, K,

arca weighted average temperature of hot surface, K,
area weiphted average temperature of cold surface, K,
and

average temperature of atr 75 mm or more from cokd
surface, K.

4. Summary of Test Method

4,} To determine the canductance, C, the thermal trans-
mittance, U, and the thermal resistance, K, of any specimen,
it is necessary 1o know the area, A, the beat flux, ¢, and the
temperature differences, all of which must be determined
under such conditions that the Bow of heat is steady. The hot
box is an apparstus designed to determine. thermal pecfor-
mance for represeitative test panels amd is an amangement
for estublishing and maintaining a desired steady tempera-
ture difference acress a test panel for the penod of time
necessary 1o ¢nsure constant heat flux and steady tempera-
tore, and for an additional period adequate 1o measure these
quantilies 1o the desirexd accuracy. The area and the temper-
atures can be measured directly. The heat flax, g, however,
cannot be directly measured, and it is to obiain a measure of
¢ that the hot box has been given its characteristic design. In
arder to determine g, 2 five-sided metering box is placed with
its open side against the warm face of the test nimcl I the
average temperature across the walls of the metering box is
maintsined the same, then the net mu:rchmm between the
metering box and the surrounding space is zoro, and the heat
input to the metering box is a measure of the heat flux
through a known area of the panel. The portion of the panel
outsids the meter area, laved by the awr of the surrounding
gward space, constifutes a guard area 10 minimize lsteral heat
flow in the test panel near the metering srea. Moisture

it

g eE

it

[

migration, condensation, and freezing within the specimen
can cause variations in heat flow; to aveid this, the déw point
emperature on the warm side must be kept below the
temperature of the cold side when the warm suiface is
susceptitlc 1o ingress of moisture vapor, It is expected that,
in gensral, tests in the guarded hot box apparatus will be
conducted on substantially dry test panels, with no effont
made to impose or account for the cffect of the vapor flow
through o 1nto the panel during the test.

4.2 Since the basic principle of the test method is
masinin a 2em temperature difference across the metering
box walls. sdeguate controls and temperature-monitoring
capabilitics are essential. It is recognized that small temp
ature gradients coukd oocur due to the limitations of contr.
lers, Since the total wall area of the metering box is often
more than twice the metering area of the pancl, smalf
temperature pradients. through the walls may cause heat
flows totaling a significam fraction of the hest input 10 the
metering box. For this sesson, the metering box walls may
also be equipped to serve a5 4 beat flow mcier so that heat
ﬂowmmughlhtmcanb:aﬁmnedandmxmmmedby
ad;usung conditipns dunng tests, and so that 2 heat flow
correction can be applicd in calculating test resulis.

5. Significance and Us

5.1 When the guarded hot box is constructed to test
assemblies in the verrical orientation, it is suited for evalu-
ating walls and other vertical structures. When construcied
10 test assemblies in the horizontal orientation, it is suited for
evaluating roof, ce:hnl. floor, and other horizontal struc-
fures. Other onientations are allowable, The same apparatus
may be used for both vertical and horizontal testing if it can
be rotated or reassembled in either oricatation.

Notzr 3—Herizontal stroctures that incorporale attic spaces detween
3 cesling sud a sloping rool are highly coempliex constructions, and testing
in the guardod hot box would be extremely difficult. Proper consider.
ation fnewt be given to spocimen size, natural air moscinen, veoulstion
effecis, radiative offect, baffles wr the guand-meter demarcation, etc. Al
of these special condittons must be included in the repont (10.1.1)
Corasderntion should be given w0 the use of the caliiwrasted hot b for
sich larpe, complex coustractions., -

5.2 For vertical specimens with ar spaces that signis-
cantly affect thermal performince, the mcicring box height
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houtd ddeaily match the construction height. I this i mt
possible. horizomal convestion barriers must be instatled w
prevent air exchanpe belween meler and gusrd areas. unless
it can be shown that the omission of sich harniers does not
sntficantly sffect resulis,

5.3 For all specimens @ is nocesspry (0 maintain a near
zero isteral heat flow between the guand area and the meter
arca of the specimen. This can be achieved by maintaining a
near ero wrperature difference on the specimen surface
between the materad and guasd arcas. In spocimens ingorpo-
riating an clemient of high lateral conductance (such as &
nzetal sheer), it may be necessary 1o sepasate the metered and
the puard areas of the highly conductive elemens by it narrow
gap such as a saw cut.

5.4 Sinve this test methind determines the total flow of
beat through the test ares demarcated by the meteriog box, it
is possible 1o determine the hest flow through » building
clement smaller than the 1est area, such as 3 windaw or
representative arca of a pancl unit, if the paratlel heat flow
through the remnsining surroumding ares or mask is deter-

sined {see Annex Al

6. Apparatus

6.1 Arrurgemeni—-Fig. | ia) shows & schemalic arrange-
ment of the test panel and of sanous major clements of the
apparatus: Fig. 1{4) and [£) show alternative arrangements.
still other amangements, accomplishing the same purmpose,
may be prefered for reasons of convenienee or easc of
installing pancls. In generad, the size of the metering box
determines the minimum size of the other elements.

6.2 Merering Bnx:

6.2.1 Size—The size of the metering box is largely gov-
erped by the metering arca required to obtain a2 representa-
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Fii. 1 Genoral Arrangements ol Test Box, Guard Boax,
Test Parsel, gnd Cold Box

tive test srea of pancl, For example. for panels incerporating
air spaces or studd spaccs, the metering area, prefoiably,
should exactly span an integral number of spaces. The height
of the micicring box should be not $ess than the width and s
subject 1o the limitations g8 described in 5.2, The depth of
the matering box shouhd be not greater than that required 1o
accommuoidate ity necessary equipment.

6.2.2 Thermal Resistance—The metering box walls shall
fave a thermal resisiance of not less than 0.83 m? K/W In
order that the resistance of the box wall shall be uniform aver
the ¢cntire box srea, 2 construction without internal ribs shait
be used, for example, 2 glued bala wood or a sandwich
construction with aged urethane foam core. The edge in
contact with the paine shall, if necessary, be narrowed on the
outside only, o hold 3 gasket nat more than 13 mm wide, i
necessiry, & wood nosepioce can be used o carry the gasket.
The metering arca of the panel shall be taken as the area
included between the center lines of the gaskets. All surfaces
that can exchange radiation with the specimen must have a
totat hemispherical emittahce greater than 0.8,

6,23 Hear Supy and Afr Circulation—Fig. 2 shows g
possible arrangement of equipment in the metering box 1o
assure &n even, gente movement of air over the metering
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FIG. 2 Amangemont ol Equipment During the Test
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ared of the pancl. The clectric keaess are maunted in a
kousing with walls of resistance not fess than 0.83 m° K/w,
and with @ low ermittance outside surfacing 10 minimize
radiation heal transfer 16 the metenng box walls. In ihis
ATARECMTNL A is continvously circulated by a small fan
upward through the eviindrical housing and downwand
between the baffle and the panel in accordance with the
moton that would result from natural convection forees. A
stat-tvpe haffe is placed some distance above the outhel of
the cylindrical housing to prevent impingement of 3 jet of
heated air aganst the top mner surface of the metering box.
For large meter boses the cylindrica) housing may cause
poncentrations of air flow. To direct the air properly across
the speeimen, other fan arrangements may be preferable. A
curved vane is mounted at the fop of the baflle to smooth the
entrance of air into the baifle space. Ir: a hot box apparatus
used for testing panedy in » vertical postlion only, the
moderale circulation of air resuinng from natural convection
mav be sufficient without the use of 2 fan, The change in
temperatare of the air 85 it moves slong the surface of the
pancl wili, in general, be greater with natural circulation than
wath @ fon. If o fao is vsed, its motor should be within the
mctening box, its clectncal input should be as small as
feasible, and the input should be careflully measured. 1 8 1
pecessary 1o Jocawe the motor outside the mecring box, the
heat equivalent of the shaft power must be accurately
measured, and air keakage intd or out of the metering box
around the shalt must be 7zro.

£.2.4 Temperarure Controi—To oblamn reliable test re-
sults, accurate lemperature control cquipment must be
utihized. Temperature controllers must be capable of conirol-
ling temperature within 0.25 K during the 1est peried. The
heaters should be the open-wire ype of minimal heat
capacity and lag.

6.2.5 Gaskers—The contact cdges of the merering box
shonld ensure, by a gasket or other means, 8 light air seu)
against the surface of the (est pangd, For some pantls special
provisions may be necessary. The metering box should be
pressed lightly against the pancl by suitable means. Some
gasket materials age with time and service. Periodic inspac-
ton of gaskets is recommended in order o confirm their
ability 1o provide a tight scal under test condivions.

6.2.6 Heat Flux Transducer--To equip the metening box
walls to serve as o heat Pox transducer, 2 means of detecting
the emperature difference across the metering box walls or
the heat flux through the metcring box walls shall be
provided. One method found satsfactony for this pumpose is
to apply » number of dilferential thermoacouples connevted
in = series 10 the inside and outside surfaves of the metering
box walls 1o form a thermopile. Precautions must be taken
when determining the number of differential thermocouples.
Based on a survey of guarded bot box operators, the number
of differential thermocouple pairs located on metering hox
walls shall be five pairs per squarc metce of specimen
metered area located on the metering hox sides. At ao time
shall there be Jess than 1 pair of differential thermocouples
on each of the five sides of the metenng box {1).F Precautions

bz teddTaoe sarmbers v parentious refer o the far of oeforena s g eart
of iy test teethal

must alsa by ~nen determining locations of the
differential the..nocouples, as temperature gradients on the
mnside and outside of the metering boa walls are Jikely to exist
and have been found to be g function of metering and puan
o air velocnties and temperature. The junctions and the
thermacouple wires for ot jeast 8 100-mm distance trom the
Junctinns shall be Mush with, and in thermal contact with,
the suetace of the wall. The output of the thermocouple pairs
shall be averaped.

6.2.7 Thermomle emf and Heat Fiow Relationship--The
relationship between thermonile emf and heat flow through
the metering box watls shall be determined. This relationship
shall be determined for cach set of metering box conditions
(tempetature and air velocity). A suggested method of
accomplishing this objective is putlined in Appendix X1,

6.3 Guand Box:

6.3.1 Size—N s recommended that the guard box be large
enough so thal there is a clear distance between its inner wall
and the nearest surface of the metering box of not kess than
the thickness of the thickest panel w be tested, but in no case
fess than 1530 mm.

632 Thermal Conductance—To assure that there shall be
a temperatire difference of no more than a few degrees
between thé grard box air and its inner surfaces, the walls
shall have a thermal conductance not greater than 0.6
Wi(m’-K). A low conductance is also desirable for operating
reasows, to assure that the heat flow inte or out of the guard
box from outside will be only a small fraction of the heat
flow through the guard are of the st panel.

6.3.3 Heat Supply and Air Circulation—One ar more
reflective-surfaced eytindrical heater units with a fan may br
used 10 supply heat 10 the guard box air and also 1o circulaw.
the air to avoid steatification. The fan air intake of at least
ene such heater unit should be located at the lowest point in
the guard box, 1o prevent pooling of cool air at the botom.
The air discharged from the heater cylinder shall not impinge
dircctly against either the metering box or the test panel.

6.34 Temperaiure Controi—The guard box air tempera-
wrc and heal input can be controlled by a differential
{hermopile such as that used on the metering box for 8 heat
flow meter, or by a sensilive bridge circuit with opposed
mpcerature-sensitive arms located in the guard and me-
tering hoxes. To avoid hunting due to the small periodic
temperature variations of the metering box air, as its
thermostat functions, it is desirable (o put the temperature-
sensitive element of the diffcrential control in the metering
box in good thermal contact with the inside surfaces of the
metering hox. The temperature-sensitive clement in the
suard box should be placed 1o avoid being directly in the air
stream of the heater units and should be of minimum
thermal lag. The contrdl equipment used 1o maintain guard
ém temperatures must be capable of controlling to within

25 K.

6.4 Cold Rox:

641 Size—The size of the cold box is governed by the
size of the test panel or by the asrangement of boxes used. as
tusirated in Fig ).

£.4.2 Jnsularion—The cold box should be heavily insu-
fated 0 reduee the reguired capacity of the pefrigeratir
cquipmient, and the exterior of the cold box should be
arovaded with a good vapor barrier to prevent inpress of
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vapor and heavy frost accumulations on the cdoling coils

6.4.3 Temperature Control—The cold box may be cooled
in any manner that is capahie of the tlase control of air
temperature necessary during 4 tesL An arranpement of
equipment similer 10 that in the mesering box may be used
with a fan 10 force air downward through the enclosed
refrigerating coils and upward through the space botween 2
taifle and the test panel as indicated 1 Fig. 2. It has been
found satisfuctory with an arrangement of this sort 1 operate
a unit refnigeration system contincously, with the evapor-
tion temperature of the coil held constant by an awomatic
buck-pressure regulating valve, and refrigerant supplied to
the coil thevugh an automatic expansion valve. An alterna-
tive method is to use an exterior located refrigeration system
and insulated ducts to supply chilled air 1o the cold box.
Liquid nitrogen in connection with a solenoid valve regu-
lating fts flow may also be usad. For fine control of the cold
box, installation of open wire electrical heaters in the blower
duct or other fast moving pan of the air circulation system
and controling these heaters by a sensor located in the
discharge of the air circulation system s recommiended. The
use of desiceants 10 remove excessive moisture in the
recircuiating cold air may be useful. Temperature conteotlers
for steady-siate tests must be capable of controlling temper-
atures within £0.25 K.

6.4.4 4ir Circulation—High air velocitics are permissible
when their offect upon heat flow is 10 be determined. This
may be accomplished by dircc‘ting the airflow either paratiel
or perpendicular to the specimen cold surface. One method
of obuaining parallel uniform velocity is 1o foree air through
a space between the specimen and a parallel baffle whose
spacing may be adjustable to aid in changing the air curtain
velocity. Parallel velocities, as provided in this fest method,
aid in obtaining uniform specimen surface temperatures and
simulate the effect of cross winds. Velocities commonly used
1o simulate cross wind conditions are 3.35 m/s for summer
conditions and 6,70 m/s for winter conditions. Perpendicular
velocities, simulatiog direct wind impingment require
moving larger amounts of air than most pasallel situations,
with coresponding larger power requirements. Also, the
baffle should be placed further from the specimen surface

and should have & porous section (@ screen o hongycomb
flow straghtenes) that directs the wind mt the specimen
surface (sce Fig. 3 and 4). Velocities commonly used to
simulate wind conditions are 3.35 my/s for summer condi.
wons and 6.70 m)'s for winter conditions. Air leakage through
the specimen should be eliminated by sealing all cracks and
joints with rape, caulk, or foam srips.

6.4.4.1 After construction of the air circulation system 3
velocity scan aeross the air curnain is required 10 verify that g
uniform air curtain is formed. The apparatus should provide
A means for determining air velocity past the specimen
surface. One method is o locate velocity sensors directly in
the air curtain.
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6.5 Temperatvre Meavwring Equipment:

6.5.1 ’MMMM ¢ Thermotouples of wire not
larger in size than 0.25 mm (No. 30 AWG gage), and which
" meet or are calibrated 1o the special limits of error specified
in ‘Tabks E 230, are recommended fur measunng surface
remperatures in the appasatus (Jarger thermocouples can te
wsed if it can bz shown that there is no difference in bissy: for
this purpose the thermocouple junction and the adjoining
1ead wires for 3 distance of al least 100 mm should ke raped,
or preferably cemented, tightly 1o the surface. The comntance
of the surfacing material tape or cement should be close
the eminance of the surface.

6.5.1.1 If the specimen (and thercfore s thermal resis-
tance) b5 unifirm, or nearly 5o, over the arca and thus the
surface lemperatures vary only slightly a1 lower air velocities,
& minimum number of thermocouples spaced uniformly and
symmetricatly over the surface is sufficient. This minimum
sumber depends on the specimen size. Experience has
shown that the required minimum number of thermocou-
ples, N, can be determined from the celstion that:

N o= 4087 + 008 Vi {1

where 4 is the metering arca in m* If the number of

thermocauples used is within 10 % of the number deter-
mined by this relation. then the requirements of this section
are judged to be met.

6.5.1.2 If the specimen is of avnuniform construction, the
number of thermocouples specified in 6.5.1.1 may still be
sufficient. In this case the thermocouples shall be jndiciausly
located (0 represent each of the construction elemenis. Such
representation shall be distributed spproximately uniformly
and symmetrically over the specinien surface,

6.5.1.3 If the surface temperatures are expected 1o be
prestly nonuniform, sdditional thermocouples must be used
1o sampie adequately the different temperature areas 5o that
reliable weighted mean tempenmtures may be obtained.

6.5.1.4 With some nonhomogeneous walls, such as con-
crete, it may be advisable 1o use copper shim stock ynder the
thermocouples 10 average the temiperature, Lasge aggregates
in the concrete can create biased temperature readings,

6.5.1.5 At least two surface thestnocouples shall be placed
on the guard arca of the specimen at suitable Jocations to
indizate the effectiveness of the guard area.

6.5.1.6 Surface tempenatires on the cold side of the test
panel shall be measured by sarfave thermocouples placed
directly oppasite thase on the warm side.

T 6.5.2 Alr wempenatures may be measured by thermocou-
ples, temperature SSNSUVE resistance wires, or other sensors.
Air thermocouples shall be made of wire not lagger than 0.51
mnf (No, 24 AWG).

6.5.2.1 If thermocouples or other point sensors are used,
they shall be located in the metering box area in the saine
quantity and spacing as that specified for surface thermocou-
ples in 6.5.1.1, The thermocouple shall be Incated midway
between the face of the panel and the bafMe, i onc is uscd,
but in no case less than 75 mm from the face of the panel.
The junctions of the thermocouples shali have hright me.
tallic surfaces and shall be as small as poxsible to minimsze
radiation effects. Another method is 16 shield the thermo-
couple junction. The thermocouples may be placed directly
opposits the surface thermocouples; in any cuse they should

he Ioc,ncn as _eay as possitle over the metening arcs

0.%.2.2 The mocouples shall also be placed in the guand
space At suitable locations. W indicate the degree of unidor-
mity of guard space nir temperatutes; preferably, one shoy'
be placed opposite sach guand area surface thermocoupic; -
hut not less than 75 mm from the panel.

6,523 Air temperatures on the cold sidee of the panel shall
be measared by one thermocouple placed direcdy opposite
each of the werm side air temperature thermocouples and
located in a plane paralicl 1w the wecimens urface and
spaced far enough away that they are vnaffected by temper-
ature gradients in the boundary laver. The thermocouples
shall be located midway between the face of the pane! and
the baffle, if are iy used. For low velocities. a minimum
spacing of 75 mm from the specimen surface is required. At
higher velocities the required minimurn spacing is Jess but in
no cawe less than M) mm. No thermocouples noed be placed
in the cold space opposite guard space thermocouples semote
from the panel surface.

6.5.2.4 1f zir iemperatures are to be measured by means of
resistance wite grids, the wire shall be disteibuted untfonniy
to indicate approximately the average temperatyre of the air
on both sides of the panel at a plane midway between the
baffle and 1he panel but in no casc kss ihan 75 mm from the
panel.

6.5.2.5 Nt is recommended that the surface temperature of
the taffles on the hot and cokd sides be measured by placing
thermacouples on all surfaces the specimen can see.

Note #~Thisis pot 8 requirement of this tes methad bt s highly
recommended. Thete are severad reasons for the reoomawendation: {5
this indicates, any Jilfference betwoen the baffle surface and air temper
murer {2 #f il sllow comections 10 be tmode to the radiath
vompancnt of the surface conductances due to diffsrences in these:
temperstarey; and (4) it 1 nocessary to do this for specimens such ag
plass which bave 3 mph-thermal condutince.

6.6 Tristrumenis.

6.6,1 All thermocouples or other temperature sensors for
observing surface and air lemperatures shall have their leads
brought oul individually to suitable measuring instruments
capable of indicating temperatures to within £0.05 K.

+ 6.6.2 Tatal sverage power {or integrated” energy 8
“kpecified time period) for all energy 1o the meter box shall be
accurate 10 within 0.5 % of reading under conditions of
use. Power measuring instruments must be compatible with
the power supplied whether ac, de, on-0ff proportioning, etc.
Valtage stabilized power supplics are strongly recommended.

6.6.3 Velocities of air over both surfaces of the panel
should be measured with suitabic instruments o be calcu-
lated from a heat balance between the rawe of loss or gain of
heat a3 it moves through the bafile space, as indicated by its
temperature change, and the mte of heat Now through the
15t pane), sverage vatues of which can be determined from
the test data. It should be recognized that radiant transfer
between the baffle and the spoecimen can affect the calcula-
uyon f the radiation is significant. For this reason direct
velocity measurement is desirable.

NOorE 53— ix soimmended that 2 central control location he
establisherd, that automatic scanning and recosding cquipment for
anitieneded operation e used, and thar data he computer proceued

6.7 Yerffication~When a new or modified apparatus
constructed. verification 1ests shull be conducted on panels
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made from matenals of known copductance that does mat
excead 1.5 Woim~ - K) as determined in Test Methods € 177
or Test Meatbod € 518% Any differences in results should be
carcfully analyzed and corrective measures taken. Further
periodic checks are recommeended.

7. Sampling and Test Specimens

7.1 Specimens shall be representative of the construction
to be investigated but may be modified if necessary far tent
purposes as- mentioned in 5.2 and 5.3. It must be recognized
that modifications 10 the construction may result in condi-
tions that do not represent true fiekd conditions, In many
cases conduction and convection paths have considersble
effect on the performance of the specimen and mast be ieft
intact. Other considerations are; .

7.1.0 Semzarx-=Install tempersture sensors as directed in
6.5, When desired. temperature and other sensors may be
instalied throughout the interior of the specimen for special
investigations. _ ,

742 C‘nnditfnnb:g—-—'l’hc usugl pre-test conditioning is in
ambient air long enough 10 come 1 pm:nml equilibrium,
Assemblics that may have significant moisture content,
which can influence tost rosubts, must be allowed to reach
steady-state moisture conditions. Since the specimen size will
probably preclude oven drying, concrete wall specimens may
require & 10 § werks of room tempernture aging.

7.1.3 Edge Insuldtion—When a test panel is installed, its
edges shall, if nocessary, be insnlated to prevent odge effect
from overtaxisg the guarding effect af the guard area of the
pancl. For this purpose, nwedgcscflhtpaaelmayhe

against heat loss or gain by a thdckness of insula
tion with an R of 1 or 1.25 K -mZ/W. ltmaybencmrym
vapoc-proof the insulation to prevent condetisation of mois-
ture in the edges of the paed, il a wuumnmenmmihr to
that shown in Fig. He)is used, The edge of the specimen
should be well sealed to prevent air infiltration between the
guard and the cold box.

8. Procedores

8.1 Test-conditions of emperature and orientation should
be chosen 10 correspond as closely as. possible o the
circumstances of use of the construction to. be tested. This
test method is primarily designed. for the temperatures
encountered in normal building use, howiver, it i recop-
nized that the method may find application in testing
conditions that are outside this normal range. It is recom-
mended that 3 minimum temperature differential of approx-
imately 25 K be maintained for sccurate messurement,

8.2 The roquired stabilization and test periods are as
follows:

8.2.1 Impose deady-state conditions for at keast 4 b prior
to final data collection. This condition is satisficd when, over
this 4-b periad, the average surface temperature did not vary
by more tban £0.06°C (£0.1°F) and the average power in the
meter arca did not vary by more than =1 % and the data did
not change unidirectionally. During this period, data shall be
collected at intervals of 1 b or less.

o e

S Paxtior ¢ 1935 syl i wied 0 comiunctien et Test Metkody ©
Test Methoc € 328,
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8.2.2 After the conditions in 2.1 have boen wansfied,
conunue the test period a1 least 8 b, but do not tweesmnale the
test untii two or more suoessive 4-h periods prduce resulns
that do no differ by more than 1 % During this penod take
data a1 intepvals of 1 b or less. The averape of the data for thwe
t%D or more successive &b periods that agree within 1 % are
used in caleutating the final resulis. In testing pancls that ase
heavily inspiated, very massive, or hoth, it may be necessany
to extend the duration of the s beyond 1he minimum
penod of two consecutive d-h periods i order 1 be assured
that conditions are sieady, as it has boen observed tha
continuing but small incremental changes can give a prema-
ture appeacance.of stability.

8.2.3 The calculation of & time constant, generated from
apparatus measuremants (Note &) combinced with an esti.
mate of the thermal properties of the specimen, will help in
estimating the time required for the test set-up 0 reach
equitibnum. (2) 1t 1s also suggested that ¢ and U vatues be
calculated for the test specimen, wilizing known properties
of the components. This will serve as general check of the
measurod results and avoid senious ¢rrors in measuremeant.

Marre b—The n\r,_mml muw of the sppamzus may be 1he piapor Tacie
conrlaging o tise time constant of the sysiem

8.3 Data to be determined include

8.3.1 The to13) net energy or average power through the
specimen during 8 measurement jotenval. This inciudes ali
meter box heating and power to fans or blowers, and any
correctians for meter box wall heat flow.

832 Al air and surface 1emperatures specified in 6,31
and 6.5.2 {(Nate 7).

$.3.3 The cifective dimensions of the metered amez.

Nt 7—dn 6.5 the kocations of thermocoupies or temperasiure-
measaring clements at various points are stipulated, for example, in the
greard space ated on the geand ars of the 1o paned. The teoperptures
indicarcd b*mhfhcﬂnoeoupksmdmmm in cvalunting the
uniformity of teaiperatancs prevaiting in the guard space and on the test
pane! surfaces, bat ¥t i5 not feasible (o stipulare penerally the limirs
within which cortain of these maeisured femperatures musd agree. Jt
musi, therefore, be the reaponaibility of the tess engineer (0 olmetve and
weigh the significance of these wmperatuses 10 ascertain their effect
wpan the valihity of o particalar test measuremsent

9. Cakulation

9.1 Calculate the final test results by means of the
following squations using the average data obtained in 822
for the two 4-h periods that agree within | %

b Q}A"b - r}
= (YA = 1)
= {ty = :4/Q X

e = - 10/Q=r. + R+,
o= — 1040
om (- 140

e 4, -1
h = @Qidl ~1)

A= QLA ~ 1)

9.1.1 For a relatively uniform but nenhomogeneous spec-
imen such as normal walls, floors, cedlings. eic., the proper-
ties that may be caloulated are transmittance &, conductance
¢, resistance R, overal) resistance R, surface rossstances and
surface conduciances, A,

9.1.2 For unifdrm and homogensous specimens all of the

P
R
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properties listed in 9.1.1 may be caleuiaicd plus thermal
comductivity A

9.1.3 For clements smaller than the melenng area, the
properties that apply to the element, acconding to the
distinctions of 2.1.1 and 9.1.2 may be calculated if testy have
been run that allow the eiement heat flow to be determined.
Anncx Al presents considerations for these caleulations.

10, Report

10.1 Report the following information:

10.1.1 Name, and any other idemification or description
of the test construction, inchuding i ncoessary 8 blutprint
showing important details, dimensions, and all modifications
made 1o the construction, if any, and specimen oricntation,
Description of the fest consbruction and a complete and
detaded description of alt materials. This includes the generic
name of the material and its density. (For. hygroscopic
maleriafs, such as some concrete mawrials and wood, the
moisture content shonld also be given), If the thermal
conductivities of these materials, at the test comnditions, have
been measured in a ot box facility {Test Method C 236 or
Test Method €976}, a guarded hot plate (Test Method
C 1773 of & heat flow mewer (Test Method C 518), these
values shonid also be included.

Nute 8—By peneric descpiption, the name of the material in
addithon to the brand name should be given [for cxample, preformed,
cellular pobystyrene Type VI with a density of 22 kg/m's spruce-
plrefie with a moitere contert of 12 % amd a dry demsity of 436
u’rmt}

10.1.2 ‘Pentinent information in regard to preconditioning
of the 1est panel.

10.1.3 Size and dimensions of the metering and guard
areas of the test panel.

10.1.4 Average values during the 1est period of the tem-
peratures and velocities of the air on both sides of the
metering area of the panel, and of the tcmperature of the
surfaces on both sides. (If significant, give the average values
of the temperature of specific areas of the surface of the

panel.)

Tgl..': Average rate of net heal input to the metenng box.

10.1.6 Any thermal transmission propertics calculated in
9.1 and the known precision of the equipment. Precision of
the equipment should be checked using the propagation of
errors theory.

Nore 9—Discussions of this method can be found in many text-
books on engisering experimentation and statistical analvsis (),

10.1.7 Test duration and date,

10.2 Al vatues shall be reported . in both SI and inch-
pound units unless specified otherwise by the client.

10.3 Where this test method is specifically referenced in
published test reports and published dava claims. and where
deviations from the specifics of the et method existed in the
tests used to obtain said data, the following statement shall
be required to accompany such published information: “This
test did not fully comply with the following provisions of
Test Method C 236" (foilowed by o listing of specific
devigtions from this st method and any special test
conditions that were apphied).

11. Precision and Bins

VLT Background—A round robin for guarded and ca'i-
brated ot boxes was conducted in acvordance with Pract
E 694 This round robin involved 21 differcnt taboratone
which 16 had guarded hot boxes (4). Data were reported fof
100-mm (4-in.) thick homogencous specimens of expanded
polystyrene board  (Specification € 578). Fach laboraten
received maienal from a special manufacturer’s 1ot that wa
controlled to maintain a umpiform density. Data reduction
and analysis using Practice E 178 identified one of the 1%
laboratories as a statistical optlier. Results from the other §
laboratories showed that at 3 mean temperature (¢) of 24'C
(75°F). the average R value was determined 1o be 2.78 K
m*W 115,77 F 2 h/Biw). The regrossion equation for the
data 21 was:

R=3145 ~ 0016 t (R in K-m¥/W and / in °C) 283
K= [TR67 - 0028 ¢t (R in F R*/Bte and 7 in °F) (2h;
over the mean temperature range from 4°C to 43°C (40°F w
1HO'F). The mean specimen density ranged from 20.2 1w

23.9 kgsm? (1,26 10 1.49 lbs/BY,

11.2 Precision—At a specimen thermal resisiance of £ =
2.78 K-m&W (15.76 F fi*th/Bwu) and on the basis of test
¢rror alone, the difference in absolute value of two test results
obtained in different laboratorics on the same specimen
materials will be expected 10 exceed the reproducibility
interval only 5% of the time according to Table 2. For
example, measurements from two different laboratories on
the same specimen could differ by up to £7.8 % at 2 mean
temperature of 24°C (75°F) 95 % of the time,

{1.3 Bias—Based on guarded bot plate dats {Tost Mctht
C 177} from the National Instituie of Standands and Te
nology—Center for Building Technology and supponed by
measurcments from other laboratories, the true value for the
rouad-robin spedimen is a thermal resistance of 2,81 K-m?;

. W (1594 F i¥*ly/Bilu). The mean value measured by the

guarded hot box differed by —1.07 %,

Note 10-——-Another teRl sries was conducted on Momtogencous
common b b in three gusnded Hot boxes ot differcat fabornts-
rics. {5, 8) R-values of the specimens ranged from approzimately 0 5 te
21 Kon?/W (310 1 L8 F R¥0/Bru) ot mean wmporstures of 4, 24, and
43°C (40,75, and 1 10F). This series indicatod shat resulls with peevition
el 25 % wwy be achicwed.

WNore H—Both round robwi wsed @ homogenooes specimen, an
Tdeal wall seetion. Actaal wall sections wilk be nonhomogeneous. The
precisior: and bias bas nit yet beem' determined for nonhomepeneous
specimens, The sbove statements provide a bosnd,

12. Keywords
12.1 building assemblies; guarded hot box: test method;
thermal performance; thermal résistance

TABLE 2 Precision for Test Methed C 238

Meaa Teene

peratre. Aasstance. a1y Irenrve Charge i0 B,
CT Kot R DY RO KT R B
4 140 T 2385018 75) 273 0221 20
{15 27R01877) £78 =028 (2121
AR NG 2.80 14 T 265 =022 2127
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Thermal Conductivity Test Procedure

Basic Machine Setup

1.

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

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

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.

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

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.

Adjust the output of the HP Triple Output Power Suppl'y to full voltage for the
guard and metering box fans.

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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At this point turn on the main power switch to the AC unit on the cold side and
adjust the controller temperature setting to the desired setting.

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

Using the data sheet, record guard box temperature, voltage and current using
an appropriate meter. *Note: Guard box voltage and current measurement is
not necessary to determine r-value.

Record metering box temperature, voltage and current. *Note: To determine
metering box current, measure the voltage drop across the .1 resistor and
solve for current. I=V/R

Record temperature readings for all 12 thermocouples using selector switch
and reading on the temperature controller.

Record the voltage and current from the HP triple output power supply.
Convert Fahrenheit to Kelvin for the thermocouple temberature 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).

Take area weighted average of the metering area thermocouples by multiplying

the temperature (Kelvin) by thermocouple area.
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Sum the 4 weighted averages for the cold side temperatures and divide by the
metering box area. This value is t,.

Sum the 4 weighted averages for the hot side temperatures and divide by the
metering box area. This value is t,.

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

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