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INTERNATIONAL

Standard Practice for
Using a Guarded-Hot-Plate Apparatus or Thin-Heater
Apparatus in the Single-Sided Mode *

This standard is issued under the fixed designation C 1044; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope either larger or smaller in lateral dimensions than either the test

1.1 This practice covers the determination of the steadySPecimen or the cold plate.
state heat flow through the meter section of a specimen whennore 3—Most guarded-hot-plate apparatus are designed for the
a guarded-hot-plate apparatus or thin-heater apparatus is uséslible-sided mode of operatioh) ¢ Consequently, the cold plate and the
in the single-sided mode of operation. auxiliary cold plate are the same size and the specimen and the auxiliary
1.2 This practice provides a supplemental procedure for usigsulation will have the same lateral dimensions, although the thickness

in conjunction with either Test Method C 177 or C 1114 for may be different. Some guarded-hot-plate apparatus, however, are de-
signed specifically for testing only a single specimen that may be either

tgstlng fa single specimen. Thls prac_tlce is limited t.o only thqarger or smaller in lateral dimensions than that auxiliary insulation or the
single-sided mode of operation, and, in all other particulars, th,yijiary cold plate.

requirements of either Test Method C 177 or C 1114 apply. 1.5 This practice can be used for both low- and high-

Note 1—Test Methods C 177 and C 1114 describe the use of thgemperature conditions.
guarded-hot-plate and thin-heater apparatus_, re_spectively,_for determining 1.6 This practice shall not be used when operating an
steac_jy-state heat_flu_x and thermal transmission properties of flat-slaﬁpparatus in a double-sided mode of operation with a known
specimens. In principle, these methods cover both the double- an . . .
single-sided mode of operation, and at present, do not distinguish betwe&pd_ unknown specimen, that is, with the tWO_ cold plates at
the accuracies for the two modes of operation. When appropriate, thermgimilar temperatures so that the temperature differences across

transmission properties shall be calculated in accordance with Practidfie known and unknown specimens are similar.
C 1045. 1.7 This standard does not purport to address all of the

1.3 This practice requires that the cold plates of the appaSaféty concerns, if any, associated with its use. It is the
ratus have independent temperature controls. For the singl&Sponsibility of the user of this standard to establish appro-
sided mode of operation, a (single) specimen is placed betwedHiate safety and h_ea!th practices and determine the applica-
the hot plate and the cold plate. Auxiliary thermal insulation, ifPility of regulatory limitations prior to use.
needed, is placed between the hot plate and the auxiliary co
plate. The auxiliary cold plate and the hot plate are maintaine
at essentially the same temperature. Ideally, the heat flow from 2-1 ASTM Standards:
the meter plate is assumed to flow only through the specimen, C 168 Terminology Relating to Thermal Insulatfon

so that the thermal transmission properties correspond only to € 177 Test Method for Steady-State Heat Flux Measure-
the specimen. ments and Thermal Transmission Properties by Means of

the Guarded-Hot-Plate Apparatus
Note 2—The double-sided mode of operation requires similar speci- ¢ 518 Test Method for Steady-State Thermal Transmission

mens placed on either side of the hot plate. The cold plates that contact the Properties by Means of the Heat-Flow Meter Appar%ttus
outer surfaces of these specimens are maintained at essentially the sameC 1045 Practi for Calculati Th | T o
temperature. The electric power supplied to the meter plate is assumed to ractice for Lalculating ermal lransmission

result in equal heat flow through the meter section of each specimen, so Properties Under Steady-State Conditions o
that the thermal transmission properties correspond to an average for the C 1114 Test Method for Steady-State Thermal Transmission

two specimens. Properties by Means of the Thin-Heater Apparatus
1.4 This practice does not preclude the use of a guarded; ;
hot-plate apparatus in which the auxiliary cold plate may b:e%' Termln_ol.o.gy o ) )
3.1 Definitions—For definitions of terms used in this prac-

tice, refer to Terminology C 168. For definitions of terms

?. Referenced Documents

1 This practice is under the jurisdiction of ASTM Committee C16 on Thermal
Insulation and is the direct responsibility of Subcommittee C16.30 on Thermar——————————
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relating to the guarded-hot-plate apparatus or thin-heater aphe auxiliary insulation is small; determinin@’; and, calcu-
paratus refer to Test Methods C 177 or C 1114, respectively,lating the heat flow,Q, through the meter section of the

3.2 Definitions of Terms Specific to This Standard: specimen.

3.2.1 auxiliary cold plate n—the plate that provides an 4.2 This practice requires that the apparatus have indepen-
isothermal boundary at the outside surface of the auxiliarylent temperature controls in order to operate the cold plate and
insulation. auxiliary cold plate at different temperatures. In the single-

3.2.2 auxiliary insulation n—thermal insulation used in sides mode, the apparatus is operated with the temperature of
place of a second test specimen, when the single-sided mode 6 auxiliary cold plate maintained, as close as possible, to the

operation is used (syn. dummy specimen). temperature of the side of the hot plate adjacent to the auxiliary
3.2.3 cold plate n—the plate that provides an isothermal insulation.
boundary at the cold surface of the specimen. Note 4—Ideally, if the temperature difference across the auxiliary

3.2.4 double-sided moden—operation of the apparatus, insulation is zero and there are no edge heat losses or gains, all of the
such that the heat input to the meter plate flows equally throughower input to the meter plate will flow through the specimen. In practice,
two specimens, each specimen placed on either side of the h_@)tsma_ll correction is made for heat floW@’, through the auxiliary
plate (see alssingle-sided modg insulation.

3.2.5 gap, n—separation between the meter plate and guard 4.3 The thermal conductand@’, of the auxiliary insulation
plate, usually filled with a gas or thermal insulation. must be determined from one or more separate tests using

3.2.6 guard plate n—the outer (rectangular or circular) ring either Test Method C 177, C 1114, or as indicated in 5.4. The
of the guarded hot plate, that encompasses the meter plate amalues of C' should be checked periodically, particularly if
promotes one-dimensional heat flow normal to the meter plateduring regular testing it is not possible to keep the temperature

3.2.7 guarded hot platen—an assembly, consisting of a drop across the auxiliary insulation less than 1% of the
meter plate and a co-planar, concentric guard plate, thdemperature drop across the test specimen.
provides the heat input to the specimen(s). 4.4 This practice can be used when it is desirable to

3.2.8 meter plate n—the inner (rectangular or circular) determine the thermal properties of a single specimen. For
plate of the guarded hot plate, that provides the heat input t§xample, the thermal properties of a single specimen are used
the meter section of the specimen(s). to calibrate a heat-flow-meter apparatus for Test Me'Fhod

3.2.9 meter section n—the portion of the specimen (or C518. In other cases, there may be only one specimen
auxiliary insulation) through which the heat input to the meter@vailable.
plate flows under ideal guarding conditions. ) ] ]

3.2.10 single-sided moden—operation of the apparatus °- Procedure for Single-Sided Mode of Operation
such that essentially all of the heat input to the meter plate 5.1 Refer to Fig. 1 for a schematic diagram of the single-
flows through a specimen placed on one side of the hot platsided mode of operation of the guarded-hot-plate apparatus.

(see aISCdQUble'Slded modg. L . Note 5—The schematic diagram for a thin-heater apparatus (not
~ 3.2.11thin heater n—an assembly, consisting of a unparti- shown) in similar, except the hot plate is much thinner and is not
tioned thin-screen heater or thin-foil, that provides the heapartitioned by a gap.

input to the specimen(s). . . . 5.2 Follow the procedure of either Test Method C 177 or
3.3 Symbols-The symbols used in this practice have theC 1114 with the following modifications

following significance. The prime’Y denotes quantities asso- 5.3 Select a semi-rigid material for the auxiliary insulation

ciated with.the auxiliary insulation used to control heat fromhaving a low thermal conductance so that heat gains or losses

the other side of the hot plate. an from the back side of the meter plate will be small. The
331 A,—metre area of hot plate, . _ . thickness and lateral conductance of the auxiliary insulation
3.3.2 C'—thermal conductance of auxiliary insulation, ghqyid be small enough to avoid significant effects on the heat

WI(m « K). ) . transfer through the meter section of the auxiliary insulation
3.3.3 Q—heat flow through meter section of specim@#,  qgye to heat transfer at the edge of the auxiliary insulation.

3.3.4 Q'—heat flow through meter section of auxiliary ) ]
Note 6—The influence of edge effects for a particular apparatus and

insulation, W. . . . . o
335 . latan test configuration can be determined experimentally as described in Test
.3.5 Qy—power input to meter platey. Method C 177 or by computation using one of the procedures referenced
3.3.6 T—surface temperature of cold plate, in Test Method C 177 or described by Peavy and Reng@gx (

ggg $ C_—Ssuur;;a::(;etteer;nperratture Off rf:\utxmlarty (.:Old pI?tét, ith 5.4 DetermineC’ of the auxiliary insulation over the tem-
S 'h perature ot hot piate in contact wi perature range of interest using one of the following proce-
spemmen/K. , .., dures. Either Test Method C 177 or C 1114 in a separate test
3.3.9 T'y—surface temperature of hot plate in contact withge, for a matched pair of similar specimens, or in-situ as
auxiliary insulation K. described in Annex Al will be used.
L 5.4.1 In the first instance using either Test Method C 177 or
4. Significance and Use C 1114, a match pair of similar specimens is required so that
4.1 This practice provides a procedure for operating theeither single specimen subsequently can be used as the
apparatus so that the heat fla@, through the meter section of auxiliary insulation specimen.
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Cold plate —

Specimen — ..

Guarded Hot Plate —

Auxiliary insulation —

Aucxiliary cold plate — NAANNNNNANN

Single - Sided Mode of Operation

Detail Fig. X2.1
1. Principle: T, <Ty; Tp=T,' =T, Q=0
2, Practice: T,<Ty; T,=T,/'=T,, Q=0
FIG. 1 Diagram lllustrating Single-Sided Mode of Operation of the Guarded-Hot-Plate Apparatus

5.4.2 In the second instance using in-situ as described if. Calculation
Annex Al, pairs of test are required, one with a small g1 calculate the heat flow through the auxiliary insulation
temperature difference across the test specimen and one withaa fgjlows:

small temperature difference across the auxiliary insulation. o :
Q=CAT,-Ty (1)
Note 7—In 5.4 it is not intended for the user to determine value<for  where:

for every test that is to be conducted. Rathe_r deterr@inas a function of _C’is the thermal conductance of the auxiliary insulation at a
temperature over the temperature range of interest so that a correspondi

regression curve may be developed and used for subsequent testing. FeqmtpegaElure corresponding 6+ T'.)/2, as obtained accord-
INg 10 o°.4.

. . . . g
_ 5.5 When using a compressible material as the auxiliary 'g 5 caicylate the heat flow through the specimen as follows:
insulation, determinéC’ either at the same thickness as that

used in the single-sided mode of operation or compressed to (at Q=0Qn-0Q @
least) two slightly different thicknesses, thus allowing interpo- 6.3 Use the value o, thus obtained to calculate steady-
lation for the thickness actually used in the single-sided modstate thermal transmission properties, in accordance with either
of operation. Test Method C 177 or C1114. When appropriate, consult
5.6 For an apparatus without a separate provision foPractice C 1045 to calculate steady-state thermal transmission
determining the individual thicknesses of the two specimens oproperties. For reference, calculation equations are provided in
opposite sides of the hot plate, place three or more lowAppendix X1.
conductance rigid spacers near the outer periphery of the guazj Sources of Experimental Error
plate between the hot plate and the surface of the auxiliary cold’ P
plate (see Test Method C 177). Compute the effective thickness 7-1 Errors in the determination &, can be introduced from
of the test specimen by subtracting the thickness of the rigigeveral sources, including measurement of the power iQput
spacers (corrected for thermal expansion, if necessary) frof® the meter plate; estimation of the heat fl&, through the
the thickness that is determined for the test specimen plus tHuxiliary insulation and, for guarded hot plates, estimation of
auxiliary insulation. In this case, the separate tests of thermahe heat flow across the gap between the meter and guard
conductance according to 5.4 compression also should baates, thatis, gap error.
conducted with rigid spacers. 7.2 Refer to either Test Method C 177 or C 1114 for
5.7 Maintain the cold plate at the desired temperafiyre discussion on the uncertainty in the measurement of the
Provide power input to the hot plate to attain the desirednetered-area powex,). . _
temperaturél,, on the hot side of the test specimen. 7.3 Estimate the uncertaintgQ") in Q" by a propagation of
5.8 Maintain the temperatuf®_ of the auxiliary cold plate ~€rror using the terms in Eq 1. Refer to K8) for using error
as closely as practical to the temperatilifg on the back side Propagation formulas.

of the hot plate. o Note 8—The termsQ,, andQ’ in Eq 2 should be different by at least
5.9 Establish thermal steady-state conditions in accordana@o orders of magnitude, if possible. Thus, a large uncertain’imay
with either Test Method C 177 or C 1114. result in a small uncertainty iQ. For example, suppose that the ratio

5.10 Acquire the required test data and deternfin@,, T,,  Q«/Q" is 100 and suppose that the ratiQ/Q" is 0.1. The percentage
T, and T', in accordance with either Test Method C 177 oruncertainty inQ due toAQ', then, would be 0.1 %.
C 1114, 7.4 Refer to Appendix X2 for a discussion of the gap error.
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8. Report 9. Keywords

8.1 Report all measurements in aCCOI‘dan?e with either Test 9.1 guarded_hot-p'ate apparatus; heat ﬂOW, Sing'e_sided;
Method C 177 or C1114. When appropriate perform allsteady state; thermal insulation; thin-heater apparatus
calculations in accordance with Practice C 1045. The report
should note that the apparatus was operated in a single-sided
mode in accordance with Practice C 1044 and should include a
description of the apparatus and the procedure for determining
C'in54.

ANNEX
(Mandatory Information)

Al. IN-SITU DETERMINATION OF THERMAL CONDUCTANCE OF AUXILIARY INSULATION

Al.1 This annex describes an iterative procedure for Al.2.4 Calculate the heat flow through the specimen as
determining the thermal conductance of the auxiliary insulatiorfollows:
from test data acquired with the hot-plate apparatus operated in

= CA(T, — T, AL1
the single-sided mode. Q (Th —To) (AL1)

where:

Al.2 Procedure C is the thermal conductance of the test specimen at a

A1.2.1 Install the auxiliary insulation and specimen in thetemperature corresponding td,(+ T.)/2, as determined in
apparatus. Conduct the following sequence of tests over th&1.2.2. Interpolation for the value & may be required.
temperature range of interest. Al1.2.5 Calculate the heat flow through the auxiliary insula-

Al.2.2 Following the procedure of Sections 5 and 6, calcution as follows:
late the thermal conductand@, of the test specimen at a mean .
temperature corresponding t®,(+ T.)/2. DetermineC for at QL=Qn-Q (AL2)
least three values of mean temperature over the temperatureA1.2.6 Using the value o®’, thus obtained, calculate the
range of interest selected in A1.2.1. thermal conductance of the auxiliary insulatio@), corre-

. ! H ’
Note Al.1—For the first iteration, the user must estimate a valu€for sponding to a mean temperature'ﬁfr(+ T 0)/2' DetermineC
based on experience, handbook data, etc. for at least three values of mean temperature.

A1.2.3 Using the same temperature range selected in Al.2.7 Repeat Al1.2.2 through A1.2.6 until successive val-
A1.2.1, establish a small temperature differerie; T, , for ~ ues ofC’ vary be no more than 1 %.
example, <X across the specimen and a significant tempera-
ture differenceT - T ., for example, 2K to 30K across the
auxiliary insulation.

APPENDIXES
(Nonmandatory Information)

X1. THERMAL TRANSMISSION EQUATIONS

X1.1 For reference, equations for calculating thermal ¢

thermal resistivity of specimen, @K)/W
transmission properties are provided in X1.2. L

specimen thickness, m.
surface temperature of cold plat€,
surface temperature of hot plate in contact with test

-
X1.2 Symbols—The following symbols refer to equations T;

in Appendix X1. specimenkK.

C=QAT, - T (X1.1)
A = metre area of hot plate, R = (AT, — T)/Q (X1.2)
Q = heat flow through meter section of test speciméan, e '
C = thermal conductance of specimafl/(m?K). A = (LQ/ATy — To) (X1.3)
R = thermal resistance of specimen,)/W. r= (AT, — TOI(LQ) (X1.4)
N = thermal conductivity of specimeiy/(m-K)
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X2. DISCUSSION OF ERROR DUE TO GAP HEAT FLOW IN A GUARDED-HOT-PLATE APPARATUS

X2.1 Error may occur due to undesired heat flows acrosflow between the meter and guard plates, integrated over all
the gap when a guarded-hot-plate apparatus designed fpaths, be zero when the measured temperature difference is, in
operation in a double-sided mode is used in a single-sidethct, zero.
mode. This appendix discusses the sources for this error and
procedures to estimate its magnitude. X2.5 Hypothetical Exampte

Note X2.1—Error resulting from undesired heat flow across the gap X2.5.1 Fig. X2.2 shows the cross section, near the gap, of a
due to a temperature imbalance between the meter and guard plate alsqigypothetical) guarded hot plate designed for double-sided
discussed in Test Method C 177. mode of operation. The meter and guard plates are identical in

. nstruction havin mmetrical heater core with (wire or
X2.2 Most guarded hot plates are constructed with g-onstruction having a symmetrical neater core (wire o

e .._ribbon) heaters electrically insulated from metal surface plates.
distributed heat source and surface plates of metal on eith he two heaters are assumed part of a single winding and
zlfdg o;g]tsoge%tg gorrr?r}\\(/e\{[?iiglogsrgfudc{ilﬁ 3\2;# brlssill(tj?r? mg @nnot be operated separately. The thermopile used to control
surfgces on 'either Zide of the meter plate attaining nearl ththe temperature of the guard plate, relative to the temperature

) P ining | Y &t the meter plate, has its junctions located in the surface plates
same temperature; however, when operated in a single-sid

mode, the temperature of the side of the meter plate tha 'g. X2.22).

contacts the auxiliary insulation may be significantly hotter Note X2.2—Actual designs of guarded hot plates may differ markedly
than the side that contacts the test specimen. from the hypothetical design shown in Fig. X2.2. This simple design was
selected to illustrate the differences in temperature profiles that can arise
X2.3 For illustration, Fig. X2.1 shows the heat flows in the whe_n equi_pment designed for operation in a double-sided mode is used in
region of the gap of a guarded-hot-plate apparatus undér s_mgle-sudgd m_ode. Designs of a_ctual guarded hot plates should be
. . reviewed using this example as a guide to assess what problems they may
conditions when temperature dlfferen_ces are present. Pgth nga\/e in either mode of operation.
represents heat flow through the region of the test specimen ] ] ]
that is in close proximity to the gap. Similarly, Path E X2.5.2 Double-Sided Mode-The first temperature profile
represents heat flow through the auxiliary specimen. Paths Bhown in Fig. X2.2b illustrates the variation in spatially
C, and D correspond to heat flows across portions of the gap civeraged temperature through the guarded hot plate when it is
the test Specimen side, in the center, and on the auxi|iar9perated in the double-sided mode with identical heat fluxes on
specimen side, respectively. each side. The surface plates of metal have a high thermal
conductivity and are presumed isothermal. The temperature
X2.4 The critical requirement for eliminating heat flow gradient across the electrical insulating layer between each
across the gap is the proper design of the guarded hot plate ahdater and the corresponding surface plate is due to the heat
installation of the temperature sensors, such that the net hefddw from that heater into the test specimen (not shown) in

N N N\ N
DOUOOOONCRBENNNNNN
: Speclmen a
. SRR
R s MO .
7 T 77 <> T 77 h
//ﬁetﬁr Plaf/e /ﬁ ///Gu;rd/Plate A T

\\\\\ \ Riixﬂia\r{ C\old\\ PQteb\\\\\\ T

FIG. X2.1 Diagram lllustrating Heat Flows at Gap Region
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FIG. X2.2 Diagram of (Hypothetical) Guarded-Hot-Plate with Distributed Heat Source, and (b) Corresponding Temperature Profile for
Double- and Single-Sided Mode of Operation

contact with the surface plate. The region between the heatergyer on the front side is the same as it was in the double-sided
on average, is isothermal since the net heat flow in or out of thenode, since the total heat flow through that layer is the same in
region is zero. The temperature drop across each insulatingach case; however, the heat flow from the heater on the
layer, ideally, is proportional to the temperature drop across thbackside of the hot plate must pass through the heater core
test specimen times the ratio of the thermal conductance of theegion, resulting in a significant temperature drop. In drawing
specimen to the insulating layer; thus, if the insulating layer ighis curve, it is assumed that the surface temperature of the
thin and has a relatively high thermal conductivity, the tem-auxiliary cold plate is the same as the surface temperature of
perature drop across each insulating layer will be a very smathe backside of the guarded hot plate so that there is no heat
fraction of the temperature drop across the test specimen. If tHiow through the auxiliary insulation and no temperature
heat flux to the guard heater is the same as that to the metgradient through the insulating layer behind the heater on the
heater, that is, there are no significant heat losses from the outbackside of the hot plate. In some guarded hot plate designs,
edge of the guard plate, the temperature in the heater cothe heater core is thick enough, and its thermal conductivity
region essentially will be the same for the guard plate as it isow enough, that the temperature drdfp, - T,, across the
for the meter plate. In such a case, controlling the power inpuguarded hot plate is a significant fraction of the temperature
to the guard plate so that the gap thermopile gives a null outputirop across the test specimen. Under such conditions, and
not only will result in the temperatures of the surface platesdepending on the thermopile installation, controlling the guard
being identical but also will result in a temperature balanceheater so that the thermopile products a null output may not
between the meter and guard plates. ensure that infact, there is a temperature balance between the
X2.5.3 Single-Sided Mode-In this example, the two heat- meter and guard plates. In this case, significant errors may
ers are part of a single winding and cannot be operatedccur in the determination of the heat flow through the test
separately. When operated in a single-sided mode, half of thgpecimen due to extraneous heat flows across the gap or across
heat flow through the test specimen comes from the heater dhe portions of the test specimen or the auxiliary specimen in
the front side of the guarded hot plate, half from the backsidehe proximity of the gap.
heater. The second temperature profile shown in Fig. X2.2b
illustrates the variation in spatially averaged temperature X2.6 For a guarded-hot-plate apparatus that can be oper-
through the guarded hot plate when operated in the single-sideated in both the double- and single-sided mode, the signifi-
mode with the same heat flux through the test specimen asance of errors in the gap heat flow should be determined by
above (X2.5.2). The temperature drop across the insulatingonducting measurements on the same specimens in both
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modes of operation, preferably with the same hot-side andonducted on specimens whose thermal conductance is accu-
cold-side temperatures in both modes of testing. The averagately known from measurements made in another guarded hot
conductance of a matched pair of specimens should be deteslate apparatus, or preferably, from a national standards labo-
mined by operating the apparatus in the double-sided modeatory. Again, it is recommended that such measurements be
The average conductance of this pair of specimens also shoutnducted on several thicknesses of several materials, repre-
be determined from data taken on each specimen in theenting the ranges of thermal conductances and thermal con-
single-sided mode of operation. It is recommended that suctuctivities of interest.
measurements be carried out on several thicknesses of each of
several materials, representing the ranges of thermal conduc-X2.8 The differences between test data obtained using a
tances and thermal conductivities of interest. single-sided mode of operation and the known thermal con-
Note X2.3—The temperature variations in the portions of the guardeadUCtances. obtained using a double-sided mode of operation or
hot plate near to the gap will depend primarily on the total heat fIOWObtamed in another guarded-hot-plate apparatus can be ana-

required for the test, and hence, on the thermal conductance of the tebtzed to determine the magnitude of gap error, and if enough
specimen. For a given specimen thermal conductance, the extraneous hel@ta are available, its dependence upon the thermal conduc-

flows through the portions of the test and auxiliary specimens adjacent ttance and thermal conductivity of the test specimen. If a
the gap will depend on the thermal conductivities of these specimensgjgnificant gap error is found, further analysis of the particular
thus, if there is a significant gap error, it probably will depend upon both uarded-hot-plate design must be carried out in order to predict
the thermal conductances and the thermal conductivity of the tes . L
specimen. e error for_ other spemmen_congluctances and conductivities.
If the error is very large or if reliable corrections cannot be

X2.7 For a guarded-hot-plate apparatus that only can benade, the design of the gap thermopile, or even of the guarded

operated in the single-sided mode, measurements should bet plate itself, must be changed.

X3. COMMENTARY

X3.1 Introduction and History of Practice C 1044 practice is employed frequently when only one specimen is

X3.1.1 This commentary provides the user with the back2available, for example, a loose-fill specimen prepared by
ground and history of this practice. It includes a brief discusPneumatic application. Further, the practice is required for the
sion on the precision and bias of using either a guarded_hopreparation of calibrated transfer specimens for use with Test
plate apparatus or a thin-heater apparatus in the single-sidé#ethod C 518. The practice also is used for other research
mode of operation. proposes, such as checking the homogeneity of stock material

X3.1.2 The guarded-hot-plate apparatus and thin-heater a@! determining the onset of convection in a specimen.
paratus traditionally have been operated in a double-sided X3.1.5 In 1985, the practice for using the guarded-hot-plate
mode of operation. The double-sided mode of operatiorapparatus in the one-sided mode was adopted by ASTM with a
requires similar specimens placed on either side of the hahinor revision made in 1989. In 1997, this practice was revised
plate. The two cold plates that contact the outer surfaces aéxtensively with changes in title and scope.
these specimens are maintained at essentially the same tem-
perature. The electric power supplied to the meter plate is X3.2 Precision and Bias
assumed to result in equal heat flow through the meter section - .
of each specimen so that the thermal transmission propertiesX3'2‘1 Statements on precision and bias for guard-hot-plate
correspond to an average for the two specimens. apparatus and thin-heater apparatus are covered in Test Meth-

X3.1.3 For the single-sided mode of operation, a singleOds c 1.77. and. C 1114, respecnvely_. Current]y, the_statements
specimen is placed between the hot plate and the cold plat&° not distinguish between double-sided or single-sided opera-
Auxiliary thermal insulation is placed between the hot plate on. _The user is directed instead to the th(_aoretlcal treatment
and the auxiliary cold plate, that is, the other cold plate. Th&f’mOI .|r.1terlabora'tory' tests _reported below if information on
auxiliary cold plate and the hot plate are maintained afPrecision and bias _'S required. ) )
essentially the same temperature, which requires that each coldX3.2.2 A theoretical error analysis for a circular guarded-
plate have separate temperature controls. Ideally, the heat flodpt-plate apparatus operated in the single sided mode is
from the meter plate is assumed to flow only through thediscussed by Eguch#).
specimen so that the thermal transmission properties corre- X3.2.3 Interlaboratory Tests-In 1993, an interlaboratory
spond only to the specimen. comparison that involved laboratories with guarded hot plate

X3.1.4 In recent years, the single-sided practice has obeperated in either double- or single-sided operation was
tained favorable acceptance among several laboratories. Tipeiblished ).
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