QHny) Designation: C 177 — 97

Standard Test Method for

Steady-State Heat Flux Measurements and Thermal
Transmission Properties by Means of the Guarded-Hot-Plate
Apparatus *

This standard is issued under the fixed designation C 177; 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 epsilonejf indicates an editorial change since the last revision or reapproval.

1. Scope porous or transparent materials, and a wide range of environ-

1.1 This test method establishes the criteria for the laborafental conditions including measurements conducted at ex-
tory measurement of the steady-state heat flux through flaffemes of temperature and with various gases and pressures.
homogeneous specimen(s) when their surfaces are in contactl-8 Inhomogeneities normal to the heat flux d|rect|on,_ such.
with solid, parallel boundaries held at constant temperature@S layered structures, can be successfully evaluated using this
using the guarded-hot-plate apparatus. test method. However, testing specimens with inhomogeneities

1.2 The test apparatus designed for this purpose is known 43 the heat flux direction, such as an insulation system with
a guarded-hot-plate apparatus and is a primary (or absolut ermal bridges, can yleld_resul_ts that are location specific and
method. This test method is comparable, but not identical, t§hall not be attempted with this type of apparatus. See Test
1SO 8302. Methods C 976 or C 236 for guidance in testing these systems.

1.3 This test method sets forth the general design require- 1.9 Calculations of thermal transmission properties based
ments necessary to construct and operate a satisfactoWpon measurements using this method shall be performed in
guarded-hot-plate apparatus. It covers a wide variety of app&onformance with Practice C 104S. N
ratus constructions, test conditions, and operating conditions. 1.10 In order to ensure the level of precision and accuracy
Detailed designs conforming to this test method are not give§XPected, persons applying this standard must possess a
but must be developed within the constraints of the genera{f”OW'edge Qf the requirements of thermal measurements and
requirements. Examples of analysis tools, concepts and procesting practice and of the practical application of heat transfer
dures used in the design, construction, calibration and operdb€ory relating to thermal insulation materials and systems.
tion of a guarded-hot-plate apparatus are given in Re#1)2  Detailed operating procedures, including design schematics

1.4 This test method encompasses both the single-sided aR@id electrical drawings, should be available for each apparatus
the double-sided modes of measurement. Both distributed arf@ €nsure that tests are in accordance with this test method. In
line source guarded heating plate designs are permitted. THédition, automated data collecting and handling systems
user should consult the standard practices on the single-sidé@nnected to the apparatus must be verified as to their
mode of operation, Practice C 1044, and on the line sourc@Ccuracy. This can be done by calibration and inputting data
apparatus, Practice C 1043, for further details on these heat&fts: which have known results associated with them, into
designs. computer programs. .

1.5 The guarded-hot-plate apparatus can be operated with 1.11 It is not practical for a test method of this type to
either vertical or horizontal heat flow. The user is cautionecestablish details Qf deSIgn and construction anq the procedures
however, since the test results from the two orientations may b cover all contingencies that might offer difficulties to a
different if convective heat flow occurs within the specimens.Person without technical knowledge concerning theory of heat

1.6 Although no definitive upper limit can be given for the flow, temperature meagurements and general testing practlces.
magnitude of specimen conductance that is measurable onTg'€ user may also find it necessary, when repairing or
guarded-hot-plate, for practical reasons the specimen conduflodifying the apparatus, to become a designer or builder, or
tance should be less than 16 W/E). both, on whom the demands for fundamental understanding

1.7 This test method is applicable to the measurement of and careful experimental technique are even greater. Standard-

the future development of new or improved apparatus or

procedures.

This test method is under the jurisdiction of ASTM Committee C-16 on 1.12 This test method does not speC|fy all details necessary

Thermal Insulation and is the direct responsibility of Subcommittee C16.30 on,

Thermal Measurement. for the operation of the apparatus. Decisions on sampling,
Current edition approved Feb. 10, 1997. Published June 1997. Originalispecimen selection, preconditioning, specimen mounting and
published as C 177 - 42. Last previous edition C 177 - 85 (1993). ositioning, the choice of test conditions, and the evaluation of

2 The boldface numbers given in parentheses refer to the list of references at thje

end of this standard. est data shall follow applicable ASTM Test Methods, Guides,
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Practices or Product Specifications or governmental regula- Controlled Environmental Chamber
tions. If no applicable standard exists, sound engineering '
judgment that reflects accepted heat transfer principles must be
used and documented.

1.13 This test method allows a wide range of apparatus

design and design accuracy to be used in order to satisfy the //// S . - /
requirements of specific measurement problems. Compliance /<" 7 INSULATION - S
with this test methoq requires a statement of .the un_certamty of o | COLD SURFACE ASSEMBLY A
each reported variable in the report. A discussion of the S ‘

significant error factors involved is included. A SPECIMEN ', _

1.14 The values stated in Sl units are to be regarded as the o T
standard. The values given in parentheses are for information
only. Either Sl or Imperial units may be used in the report,
unless otherwise specified.

1.15 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro- / // / yd / y
priate safety and health practices and determine the applica- Vs // // v i P / /
bility of regulatory limitations prior to useSpecific precau- s s L
tionary statements are given in Note 21.

1.16 Major sections within this test method are arranged as

SPECIMEN

' COLD SURFACE ASSEMBLY 4 i

follows: e — i
Sco Section Section FIG. 1 General Arrangement of the Mechanical Components of
pe 1

Referenced Documents 2 the Guarded-Hot-Plate Apparatus
Terminology 3
Summary of Test Method 4 .
Significance and Use 5 COLD SURFACE ASSEMBLY Y
Apparatus 6 LUK
Specimen Preparation and Conditioning 7 <
Procedure 8 SPECIMEN L
Calculation of Results 9 Qgrd Qgrd {Q { ]
Report 10 i Q i &= S
Precision and Bias 11 L Q i Q Y
Keywords 12 o o MY

Figures - <,‘> N
General Arrangement of the Mechanical Components of the Guarded- Fig. 1 PRIMARY GUARDED HOT PLATE | GUARD ‘\_’/Q”ge/ \
Hot-Plate Apparatus S
lllustration of Heat Flow in the Guarded-Hot-Plate Apparatus Fig. 2
Example Report Form Fig. 3 - <Q =

Annexes Qgp 1] P
Importance of Thickness ALl Y Q Y -
Measuring Thickness Al.2 Q Q 7‘ ‘
Limitations Due to Apparatus Al.3 grd SPECIMEN grd EDGE
Limitations Due to Temperature Al.4 ) INSUL
Limitations Due to Spegimen Al1.5 ’ COLD SURFACE ASSEMBLY
Random and Systematic Error Components Al.6 A LSS
Error Components for Variables AL7 S — R
Thermal Conductance or Thermal Resistance Error Analysis Al1.8 FIG. 2 |||ustrat|on of ldealized Heat Flow in a Guarded Hot- Plate
Thermal Conductivity or Thermal Resistivity Error Analysis Al.9 Apparatus
Uncertainty Verification A1.10

C 687 Practice for Determination of Thermal Resistance of
2. Referenced Documents Loose-Fill BUIIdIng |nSU|ati0ﬁ
2.1 ASTM Standards: C 976 Test Method for Thermal Performance of Building

C 167 Test Methods for Thickness and Density of Blanket Assemblies by Means of a Calibrated Hot Box

or Batt Thermal Insulatioris C 1043 Practice for Guarded-Hot-Plate Design Using Cir-

; ) . . cular Line-Heat Sourcés
Ca1|238 Terminology Relating to Thermal Insulating Materi C 1044 Practice for Using the Guarded-Hot-Plate Apparatus
C 236 Test Method for Steady-State Thermal Performance In t:?r? ne-Sllo_Ired Moo_le t_o MgasureﬁSteady—State Heat Flux
of Building Assemblies by Means of a Guarded Hot Box an erma’ fransmission Fropertes

C 518 Test Method for Steady-State Heat Flux Measure- CPlO45 tF_’racftice ;ct)r galgrl?tirll_'g Ii‘?rmf\l}l Transgisstion
ments and Thermal Transmission Properties by Means of c 1r8£§rF|)es tr_omf eg Iy t'a eT cea L:X e?surEe lents.
the Heat Flow Meter Apparatéis ractice for Selecting Temperatures for Evaluating

and Reporting Thermal Properties of Thermal Insulation

E 230 Specification for Temperature-Electromotive Force
2 Annual Book of ASTM Standardgol 04.06.
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Test Report

Date: Test Report Number:

Operator: Duration of Test:

Specimen Identification: Product, name, manufacturers description.

Specimen Characteristics: Unique characteristics such as degree of homogeneity or anisotropy,
density (optional).

Specimen Conditioning: Temperature, time, humidity.

Specimen Dimensions and Mass: Before and after conditioning and after measurement.

Apparatus Description: Size, shape and orientation of plates. Single or double-sided operation,

description of secondary guarding, unique procedures.

Experimental Results

Uncertainty

Variable Measured Value Systematic Random
Q, W
Th, K
Tc, K
Tm, K
AT, K

A, m?

L,m

Fill gas pressure, Pa
Other

Derived thermal transmission properties including the applicable range of conditions shall be in conformance
with Practice C 1045,
FIG. 3 Example Test Report Form

(EMF) Tables for Standardized Thermocougles 3. Terminology
E 691 Practice for Conducting an Interlaboratory Study to 3.1 Definitions:
Determine the Precision of a Test MetRod ' '
2.2 1SO Standard:
ISO 8302 Thermal Insulation—Determination of Steady-

3.1.1 For definitions of terms and symbols used in this test
method, refer to Terminology C 168 and the following subsec-

State Areal Thermal Resistance and Related Propertieslons' o . .
Guarded-Hot-Plate Apparafus 3.2 Definitions of Terms Specific to This Standard:
2.3 ASTM Adjuncts:ASTM 3.2.1 auxiliary cold surface assembiyw— the plate that
Table of Theoretical Maximum Thickness of Specimens andProvides an isothermal boundary at the outside surface of the
Associated Errors auxiliary insulation.
Descriptions of Three Guarded-Hot-Plate Designs 3.2.2 auxiliary insulation n—insulation placed on the back
Line-Heat-Source Guarded Hot-Plate Apparatus side of the hot-surface assembly, in place of a second test

specimen, when the single sided mode of operation is used. (
Synonyrm-backflow specimen.)

* Annual Book of ASTM Standardéol 14.03. 3.2.3 cold surface assemhly—the plates that provide an
° Annual Book of ASTM Standaydbl 14.02. _ isothermal boundary at the cold surfaces of the test specimen.
® Available from American National Standards Institute, 11 W. 42nd St., 13th . . . .
Floor, New York, NY 10036. 3.2.4 controlled environmenin—the environment in which
7 Available from ASTM Headquarters, Order Adjunct: ADJCO177. an apparatus operates.
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3.2.5 guard n—promotes one-dimensional heat flow. Pri- 3.3.24 A T—temperature difference across the specimen,
mary guards are planar, additional coplanar guards can be uség- T..
and secondary or edge guards are axial. 3.3.25 T—cold surface temperature, K.
3.2.6 guarded-hot-plate apparatysr—an assembly, con- 3.3.26 T,—hot surface temperature, K.
sisting of a hot surface assembly and two isothermal cold 3.3.27 T,—mean temperature, KT{ + T)/2.
surface assemblies.
3.2.7 guarded-hot-platen—the inner (rectangular or circu- 4. Summary of Test Method
lar) plate of the hot surface assembly, that provides the heat 4.1 Fig. 1 illustrates the main components of the idealized
input to the metered section of the specimen(s). system: two isothermal cold surface assemblies and a guarded-
3.2.8 hot surface/assemhly—the complete center assem- hot-plate. The guarded-hot-plate is composed of a metered

bly providing heat to the specimen(s) and guarding for thesection thermally isolated from a concentric primary guard by
meter section. a definite separation or gap. Some apparatus may have more

3.2.9 metered sectigm—the portion of the test specimen than one guard. The test specimen is sandwiched between these

(or auxiliary insulation) through which the heat input to the three units as shown in Fig. 1. In the double-sided mode of
guarded-hot-plate flows under ideal guarding conditions. ~ Measurement, the specimen is actually composed of two
3.2.10 mode, double-sided—operation of the guarded- Pi€ces. The measurement in this case produces a result that is

hot-plate apparatus for testing two specimens, each specimé&e average of the two pieces and therefore it is important that
placed on either side of the hot surface assembly. the two pieces be closely identical. For guidance in the use of

3.2.11 mode, single-sidead—operation of the guarded-hot- the one-sided mode of measurement, the user is directed to

plate apparatus for testing one specimen, placed on one side Bfactice C 1044. For guidance in the use of a guarded-hot-plate
the hot-surface assembly. incorporating the use of a line source heater, refer to Practice

3.2.12 thermal transmission properties— those properties C 1043. .
of a material or system that define the ability of a material or 4-1-1 The guarded-hot-plate provides the power (heat flow

system to transfer heat such as thermal resistance, thern2f" unit time) for the measurement and defines the actual test

conductance, thermal conductivity and thermal resistivity, a¥°/ume, that is, that portion of the specimen that is actually
defined by Terminology C 168. being measured. The function of the primary guard, and

3.3 Symbols:SymbolsThe symbols used in this test additional coplanar _guard Where applicable, of the guaro_led-
method have the following significance: ht_Jt-]_oIate apparatus is to provide the proper thermal qond|t|ons
3.3.1 p,— specimen metered section density, ki/m within the test volume to reduce lateral heat flow within the
3392 pm—specimen density, kg/f apparatus. The p_roper_(ldeallzeQ) conditions are |Ilustratgd in
333 )\S—thermal conductivity, W/(m K). Fig. 1 by the configuration of the isothermal surfaces and lines

3.3.4 5—Stefan-Boltzmann constant. Wirk? of constant heat flux within the specimen.
3'3'5 A—metered section area norm:";ll to héat flov. m 4.1.2 Deviations from the idealized configuration are caused

3.3.6 A—area of the gap between the metered section an y: specimen |nhomog.ene|t|es, temperature Q|fferences be-
) ween the metered section and the guard (gap imbalance), and
the primary guard, f it b H de of th bl
3.3.7 A —area of the actual metered sectior. m temperature differences between the outer edge of the assembly
3.3.8 f the total ; > " and the surrounding controlled environment (edge imbalance).
-3.8 A,—area of the total specimen,m These experimental realities lead to heat flow measurements
3.3.9 C—thermal conductance, W/K).

- ) that are too small or too large because the power supplied to the
3.3.10 G—the specific heat of théth component of the  \atereq section is not exactly equal to that which flows
metered section, J/(kg K).

. . through the specimen in the metered section. The resulting

3._3.11 dT/dt—potential or actual drift rate of the metered qualitative heat flows are depicted in Fig. 2.
section, K/s. . o 4.2 The three heating/cooling assemblies are designed to
3.3.12 \g—thermal conductivity of the material in the create isothermal surfaces on the faces of the specimens within

primary guard region, W/(m K). the metered section. The two surfaces designated as the cold
3.3.13 L—in-situ specimen thickness, m. _ surface assemblies are adjusted to the same temperature for the
3.3.14 m—mass of the specimen in the metered section, kggouble-sided mode of operation. In practice, because the plates
3.3.15 m—the mass of théth component, kg. and specimens are of finite dimensions, and because the
3.3.16 my—mass of the specimen, kg. external controlled environment is often at a temperature
3.3.17 Q—heat flow rate in the metered section, W. different from the edge of the metered section, some lateral
3.3.18 g—heat flux (heat flow rate per unit are@,through  heat flow occurs. The primary guard for the guarded hot plate
area, A, W/n. limits the magnitude of the lateral heat flow in the metered
3.3.19 Q,c—lateral edge heat flow rate between primarysection. The effectiveness of the primary guard is determined,
Guard and Controlled Environmer/. in part, by the ratio of its lateral dimension to that of the
3.3.20 Qq—lateral heat flow rate across the gajd, metered section and to the specimen thickr{6sg,8,20,31)
3.3.21 Qg ,q—guard heat flow through Specimew, 4.3 Compliance with this test method requires: the estab-
3.3.22 Q,s—edge heat flow between Specimen and Condishment of steady-state conditions, and the measurement of
trolled Environment\W\. the unidirectional heat flowQ in the metered section, the
3.3.23 R—thermal resistance, 7iK/W. metered section ared, the temperature gradient across the
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specimen, in terms of the temperatdieof the hot surface and least two materials of known thermal stability and having
the temperaturd, of the cold surface, (or equivalently, the verified or calibrated properties traceable to a national stan-
temperaturd between the two surfaces), the thickndssand  dards laboratory. Tests shall be conducted for at least two sets
L, of each specimen, and guard balance between the meteretitemperature conditions that cover the operating range for the
section and primary guard. apparatus. If the differences between the test results and the
. national standards laboratory characterization are determined
5. Significance and Use to be significant, then the source of the error shall, if possible,
5.1 This test method covers the measurement of heat fluge identified. Only after successful comparison with the
and associated test conditions for flat specimens. The guardegertified samples, can the apparatus claim conformance with
hot-plate apparatus is generally used to measure steady-staitgs test method. It is recommended that checks be continued
heat flux through materials having a “low” thermal conductiv- on a periodic basis to confirm continued conformance of the
ity and commonly denoted as “thermal insulators.” Acceptableapparatus.
measurement accuracy requires a specimen geometry with a5 7 The thermal transmission properties of a specimen of
large ratio of area to thickness. material: may vary due to the composition of the material; may
5.2 Two specimens are selected with their thickness, areape affected by moisture or other environmental conditions; may
and densities as identical as possible, and one specimen dange with time or temperature exposure; may change with
placed on each side of the guarded-hot-plate. The faces of thRickness; may change with temperature difference across the
specimens opposite the guarded-hot-plate and primary guagphecimen; or may change with mean temperature. It must be
are placed in contact with the surfaces of the cold surfacgecognized, therefore, that the selection of a representative
assemblies. value of thermal transmission properties for a material must be
5.3 Steady-state heat transmission through thermal insuldased upon a consideration of these factors and an adequate
tors is not easily measured, even at room temperature. This ignount of test information.
because heat may be transmitted through a specimen by any or5.8 Since both heat flux and its uncertainty may be depen-
all of three separate modes of heat transfer (radiation, condugtent upon environmental and apparatus test conditions, as well
tion, and convection); any inhomogeneity or anisotropy in theas intrinsic characteristics of the specimen, the report for this
specimen may require special experimental precautions tgst method shall include a thorough description of the speci-
measure that flow of heat; hours or even days may be requira@len and of the test conditions.
to achieve the thermal steady-state; no guarding system can bes.9 The results of comparative test methods such as Test
constructed to force the metered heat to pass only through th@ethod C 518 depend on the quality of the heat flux reference
test area of insulation specimen being measured; moisturgtandards. The apparatus in this test method is one of the
content within the material may cause transient behaviour; angbsolute methods used for generation of the reference stan-
physical or chemical change in the material with time ordards. The accuracy of any comparative method can be no
environmental condition may permanently alter the specimerpetter than that of the referenced procedure. While the preci-
5.4 Application of this test method on different test insula-sjon of a comparative method such as Test Method C 518 may
tions requires that the designer make choices in the desigfe comparable with that of this test method, Test Method C 518
selection of materials of construction and measurement angannot be more accurate. In cases of dispute, this test method
control systems. Thus there may be different designs for thgs the recommended procedure.
guarded-hot-plate apparatus when used at ambient versus
cryogenic or high temperatures. Test thickness, temperatufe Apparatus
range, temperature difference range, ambient conditions and 6.1 A general arrangement of the mechanical components of
other system parameters must also be selected during tlseich a guarded-hot-plate apparatus is illustrated in Fig. 1. This
design phase. Annex Al is referenced to the user, whiclkonsists of a hot surface assembly comprised of a metered
addresses such issues as limitations of the apparatus, thicknegxtion and a primary guard, two cold surface assemblies, and
measurement considerations and measurement uncertaintisecondary guarding in the form of edge insulation, a
all of which must be considered in the design and operation afemperature-controlled secondary guard(s), and often an envi-
the apparatus. ronmental chamber. Some of the components illustrated in Fig.
5.5 Apparatus constructed and operated in accordance with are omitted in systems designed for ambient conditions,
this test method should be capable of accurate measurememihough a controlled laboratory environment is still required;
for its design range of application. Since this test method i®dge insulation and the secondary guard are typically used only
applicable to a wide range of specimen characteristics, testt temperatures that are more than 10°C (20°F) from
conditions, and apparatus design, it is impractical to give ammbient. At ambient conditions, the environmental chamber is
all-inclusive statement of precision and bias for the testecommended to help eliminate the effects of air movement
method. Analysis of the specific apparatus used is required taithin the laboratory and to help ensure that a dry environment
specify a precision and bias for the reported results. For thigs maintained.
reason, conformance with the test method requires that the user6.1.1 The purpose of the hot surface assembly is to produce
must estimate and report the uncertainty of the results under ttee steady-state, one-dimensional heat flux through the speci-
reported test conditions. mens. The purpose of the edge insulation, secondary guard,
5.6 Qualification of a new apparatus. When a new orand environmental chamber is to restrict heat losses from the
modified design is developed, tests shall be conducted on auter edge of the primary guard. The cold surface assemblies
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are isothermal heat sinks for removing the energy generated by 6.3.2.1 Temperature Stability-Materials are selected for
the heating units; the cold surface assemblies are adjusted #te heaters and surface plates that are dimensionally and
they are at the same temperature. chemically stable and suitably strong to withstand warpage and

6.2 Design Criteria—Establish specifications for the fol- distortion when a clamping force is applied. For modest
lowing specifications prior to the design. Various parametersemperatures, electric resistance heaters embedded in silicone
influence the design of the apparatus and shall be considerédve been successfully employed; at higher temperatures,
throughout the design process, maximum specimen thickneskeating elements sandwiched between mica sheets or inserted
range of specimen thermal conductances; range of hot surfaé®o a ceramic core have been used. Surface plates for hot
and cold surface temperatures; characteristics of the specimesgrface assemblies used at modest temperatures have been
(that is, rigidity, density, hardness); orientation of the apparatufabricated from copper and aluminum. High purity nickel
(vertical or horizontal heat flow); and required accuracy. alloys have been used for higher temperature applications.

6.3 Hot Surface AssembiyThe hot surface assembly con-  6.3.2.2 Thermal Conductivity-To reduce the lateral tem-
sists of a central metered section and a primary guard. Thgerature differences across the metered and primary guard
metered section consists of a metered section heater sanglirface plates, fabricate these plates from materials that pos-
wiched between metered section surface plates. The primagess a high thermal conductivity for the temperature and
guard is comprised of one or more guard heaters sandwich&shvironmental conditions of operation. Copper and aluminum
between primary guard surface plates. The metered section aage excellent choices for modest temperature applications; at
primary guard shall be thermally isolated from each other byhigher temperatures consider using nickel, high purity alumina
means of a physical space or gap located between the sectio@s.aluminum nitride. These are examples of materials used and
The hot surface assembly using a line-heat-source is coverediRe operator must fully understand the thermal conductivity
Practice C 1043. versus temperature dependency of the materials selected.

Note 1—The primary guard, in some cases, is further divided into two ~ 6.3.2.3 Emittance—To obtain a uniform and durable high
concentric sections (double guard) with a gap separator to improve thgurface emittance in the desired range, select a surface plate
guard effectiveness. material or suitable surface treatment, or both. For modest

6.3.1 Requirements-The hot surface assembly shall be temperature applications, high emittance paints may be em-
designed and constructed to satisfy the following minimumployed. Aluminum can be anodized to provide the necessary
requirements during operation. high emittance. For high temperature applications, most ce-

6.3.1.1 The maximum departure from a plane for anyramics will inherently satisfy this requirement while nickel
surface plate shall not exceed 0.025 % of the linear dimensioaurface plates can be treated with an oxide coating.
of the metered section during operation. 6.3.2.4 Temperature Uniformity-Select a heating element

Note 2—Planeness of the surface can be checked with a metaqjeSign that W"_I supply the necessary heat flux denSity f(_)r the
straightedge held against the surface and viewed at grazing incidence wif@nge of specimen thermal conductances to be investigated.
a light source behind the straightedge. Departures as small as 2.5 um afé1e design of the heating element shall also consider the heat
readily visible, and large departures can be measured using shim-stockux distribution of the surface of the heating element. Most
thickness gages or thin paper. apparatus incorporate the use of a distributed electric resistance

6.3.1.2 The average temperature difference between theeating element dispersed uniformly across the metered section
metered section surface plate and the primary guard surfagnd the primary guard. The surface plates and heating elements
plate shall not exceed 0.2 K. In addition, the temperatureshall be clamped or bolted together in a uniform manner such
difference across any surface plate in the lateral direction shathat the temperature difference requirements specified in
be less than 2 % of the temperature difference imposed acro$s3.1.2 are satisfied. Bolting the composite constructions to-
the specimen. gether has been found satisfactory.

Note 3—When qualifying the apparatus, additional temperature sen- ©-3-2.5 The insertion of insulating sheets between the heat-
sors shall be applied to the surface plates of the metered section aig €lements and surface plates (that is, to mount a gap
primary guards that verify that the requirements of 6.3.1.2 are satisfiedtemperature imbalance detector) is allowed. To satisfy the

6.3.1.3 The surfaces of the metered and primary guarﬂequirements of 6.3.1.2, similar sheets shall be mounted
surface plates that are in contact with the test specimen shall lgtween the heating element and the opposing surface plate.
treated to maintain a total hemispherical emittance greater than 6.3.2.6 Hot Surface Assembly SizéDesign criteria estab-
0.8 over the entire range of operating conditions. lished in 6.2 will determine the size of the apparatus. The size

Note 4—At high temperatures the importance of high emittance of theOf the ”?ewred SeCt.Ion. shall be Iarge enough so that th.e amount
surfaces adjacent to the specimens cannot be stressed too strongly si eSpeC'men_ material in contact with the_ metered section (_and
radiative heat transfer predominates in many materials as the temperatdf@erefore being measured) can be considered representative of
increases. the material being tested.

6.3.1.4 The metered section and primary guard surface 6.3.2.7 After determining the maximum specimen thickness
plates shall remain planar during the operation of the appardhat will be tested by this design, refer to Adjunct, Table of
tus. See 6.3.1.1. Theoretical Maximum Thickness of Specimens and Associated

6.3.2 Materials—The materials used in the construction of Errors, regarding associated errors attributable to combinations
the hot surface assembly shall be carefully chosen afteof metered section size, primary guard width, and specimen
considering the following material property criteria. thickness.
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Note 5— Typically the width of the primary guard equal to approxi- used in the construction of the cold surface assemblies are
mately one-half of the linear dimension of the metered section has beejentical to the hot surface assembly and are listed in 6.3.2.
found to reduce edge heat loss to acceptable levels. 6.5.3 High Temperature OperatieaWhen the cold surface

6.3.2.8 Heat Capacitance-The heat capacity of the hot 55semplies will be operated at high temperatures, several thin
surface assembly will impact the time required to achievesheets of insulation may be inserted between the heat sink and
thermal equilibrium. Selecting materials with a low specific ;o|q surface heater. The addition of these insulation sheets will

heat will increase the responsiveness of the apparatus. Thgqyce the energy requirements to the cold surface heater and
thickness of the surface plates needs to be carefully consideregyiand service life.

thick plates assist in reducing lateral temperature distributions
but reduce responsiveness. A balance between these requi
ments is needed.

6.4 The Gap—The metered section and the primary guard
shall be physically separated by a gap. The gap provides
lateral thermal resistance between these sections of the h
surface assembly. The area of the gap in the plane of th%

surface plates shall not be more than 5% of the metere 0°F), the apparatus shall be outfitted with additional compo-

section area. nents to reduce edge losses. These components are described in

.6'4'1 The heater_ windings from the mete_red section an?ne following sections and shall be used if edge losses cannot
primary guard heating elements shall be designed to create,d, L inimized

uniform temperature along the gap perimeter.

6.4.2 The metered section area shall be determined by Note 7—Another means of assessing whether edge insulation is
measurements to the center of the gap that surrounds this arégguired is to attach a temperature sensor to the mid-height of the exterior
unless detailed calculations or tests are used to define this ar#g€ of the specimen. Sufficient edge insulation is present if the edge
more precisely. temperatureT,, satisfies the following requirement.

6.4.3 Any connections between the metered section and the (T, — T,)/AT < 0.05 (1)
primary guard shall be designed to minimize heat flow across
the gap. If a mechanical means is used to satisfy the requirE

6.6 Additional Edge Loss Protectier Deviation from
Bie-dimensional heat flow in the test specimen is due to
non-adiabatic conditions at the edges of the hot surface
assembly and the specimens. This deviation is greatly in-
&eased when the apparatus is used at temperatures other than
bient. When the guarded-hot-plate apparatus is operated at
mperatures that deviate from ambient by more than 10°C

6.6.1 Secondary Guard-To reduce heat exchange between
e edges of the guarded-hot-plate and the environment, the
uarded-hot-plate shall be outfitted with a co-axial
mperature-controlled container referred to as the secondary
uard. The secondary guard will be employed to adjust the

fine-gage wire and traverse the gap at an oblique angle.  5pient temperature to approximate the mean temperature of
6.4.4 The gap may be filled with a fibrous insulation. hq test specimen.

Packing the gap with this insulation has been found to maintain 6.6.1.1 Size—The secondary guard should have an inner

the metered section and primary guard surface plates planaHimension that is at least twice the dimension of the hot surface

Qn ﬁg;:g?}gi's tt)relgte Igeoggg'sselpra;tc'ﬁg df?rzszigzo;e?;%ig:r?heater and the height should be equal to the thickness of the hot
pp yp X hs(DUn‘ace heater plus twice the thickness of the thickest specimen
amount of heat conducted across the gap spacing.

6.5 Cold Surface AssemblyThe cold surface assembly thztf\;/vlllzb;t?st'e?. Th terial din th fructi
consists of a single temperature controlled section and is,~ ~"~ aterials—Ine materials used in the construction
comprised of a cold surface heater sandwiched between Coﬁi the secondary guard are not as _crltlcal as those selected_ for
surface plates and a heat sink. It is recommended that the si c h(.)t and COI.d suriace assemblies. However, the materials
of the cold surface assembly be identical to the hot surfac sed in the design of the secondary gua_rd shall be selected so
assembly, including the primary guard. Cold surface assent. at they are thermally stable over the intended tempgrature
blies may be constructed with a gap where operation of th&ande, the heating eleme_nt shall_be capable .Of producing the
apparatus is susceptible to edge loss effects. This design is th&cessary heat flux (_jensny to adjust the amb|_ent temperature,
ideal design, however, this assembly has traditionally bee nd a means O.f cooling the secondary guard is required if the
constructed \’/vithoutag’;ap with great success apparatus is intended for use at temperatures below the

' laboratory ambient. The use of high thermal conductivity

Note 6—The temperature of the cold surface assembly may bemetals is recommended for the construction since the second-
maintained through the use of a temperature-controlled bath; in thi%1ry guard should be isothermal.

instance, there is no need to install a cold surface heater. Care must be

taken in this instance; the flow rate of the bath must be sufficient to satisfy Note 8—Successful secondary guard designs consist of a sheathed

the temperature uniformity requirements specified in 6.3.1.2 and 6.5.1. heater wire or cable wrapped around an adequately-sized metal tube and
6.5.1 Requirements-The cold surface assemblies shall be pressed against thg metal tubg With_another sheet of metal. For low-

designed and constructed to satisfy all of the requirements dgmperature operation, a cooling coil has been wrapped around the

6.3.1 except that, since only one surface plate of each colg<€"or surface of the secondary guard.

surface assembly is in contact with the test specimens, the 6.6.1.3 Location—The secondary guard shall be positioned

requirement that specifies the temperature difference betweemound the hot surface assembly such that a uniform spacing is

the surface plates shall not apply. created between the components. The height of the secondary
6.5.2 Materials—The criteria to select materials that will be guard shall be adjusted such that the mid-height of the

ments of 6.3.1.4, these connections shall be fabricated wit]
materials having a high thermal resistance. Instrumentation
heater leads that cross the gap should be fabricated wi%
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secondary guard is aligned with the center of the hot surfacthe apparatus and when it is not in place.

assembly thickness. _ 6.8 Temperature Measurements

6.6.2 Edge Insulatior-The interspace between the hotand g g 1 |mbalance Detectors-A suitable means shall be pro-
cold surface assemblies, specimens and the secondary Qugffleq to detect the average temperature imbalance between
shall be filled with an insulating material. Due to the complexg,iface plates of the metering section and the primary guard.
shapes of this interspace, a powder or fibrous insulation is g g 1 1 Sensors—The gap region shall be instrumented with
recommended. temperature sensors to monitor and control the average tem-

6.6.2.1 The selection of an edge insulation material willyerare imbalance across the gap. Fine-gage thermocouples
depend on the test conditions. Vermiculite is easy to use bytynnected as thermopiles are often used for this purpose,

should no_t,be employed at temperatures above 540°C (1000°E}qgh other temperature control sensors, such as ther-
because it's thermal conductivity increases dramatically W'ﬂhistors, have been used. Highly alloyed thermocouples, rather

temperature. than pure metals, should be used to maximize the thermal
Note 9—Avoid the use of vermiculite when the guarded-hot-plate isfeésistance across the gap. Because of nonuniform heat flux
used to evaluate specimens in different gaseous environments; vermiculigithin the surface plates, temperature imbalance is not always
is extremely hygroscopic and the system is difficult to evacuate when it i onstant along the gap perimeter. It has been found that with
used. proper design the thermal conductance of the wires crossing
Note 10—Care shall be taken to ensure that there are no voids, pocketgy e gap can be made relatively small and, therefore, a large
or other extrjelnef)us sources of radiative heat transfer occurring at or NeAlmber of thermocouples can be used to increase the gap
the guarded-hot-plate. . e .
imbalance sensitivity. It is not uncommon to use ten or more
6.6.3 Enclosure—The guarded-hot-plate shall be placed sensing elements.
inside an enclosure when the apparatus is used in to maintain6.8.1.2 Sensitivity—The detection system shall be suffi-
a gaseous environment that is different than the laboratorgiently sensitive to ensure that variation in measured properties
ambient. . ~ due to gap temperature imbalance shall be restricted to not
6.6.3.1 For low-temperature operation, a dry gas environmore than 0.5 % of the metered section power, as determined
ment shall be used to prevent condensation from occurring oexperimentally or analytically.

the cold surface assemblies and specimens. N 12—The sensitivity of many temperature sensors is reduced
B . . . OTE —
6.6.3.2 For high temperature operation, it may be deSIrabI(('?I‘rastically at temperatures below the laboratory ambient. Particular care

to prot_ec_t _the apparatus from severe degradation by using rAust be used in designing thermopile measurement systems to operate
non-oxidizing gas. under these conditions.

6.6.3.3 The enclosure can also be used for substituting 6.8.1.3 Location—When using onlv a minimum number of
different gaseous environments and control of the ambient ~ '™ : using only inimum numo .
pressure. sensing elements along the gap, the most representative posi-

6.7 Clamping Force—A means shall be provided for impos- tions to detect the average balance for a square plate are those

ing a reproducible constant clamping force on the guarded-ho a arﬂlsttarr;rcl:e frrom t-?ﬁ corr;ﬁrsr eqﬁgl tLO onXe—four:th (I)c: ':)he S\'/die dog
plate to promote good thermal contact between the hot and co € metering area. The corners a € axes should be avoided.

surface assemblies and the specimens and to maintain accur ga round plate, the sensors should be spaced equally around

. : € gap.
spacing between the hot and cold surface assemblies. It . . .
unlikely that a force greater than 2.5 kPa (50 IBfwill be 6.8.1.4 Electrically isolated gap imbalance sensors should

required for the majority of insulating materials. In the case oibe placed on both surface plates of the guarded heating unit to

compressible materials, a constant pressure arrangement is RoErage the imbalance on both faces of the heating unit.

needed and spacers between the plates may be necessary t SSSI Th;ar(rjngqunq;uons orothfetrhseﬂs::tlve felements Sht?lu'?t
maintain constant thickness. each be located in similar areas of the hot surface assembly.

6.7.1 A steady force, that will thrust the cold surface is_ SqueSt.ed that all junctions should be located at points
! rectly adjacent to the centers of the areas between heater

assemblies toward each other can be imposed by usm%indings. Any leads crossing the gap should be thermally

constant-force springs or an equivalent method. chored to the primary guard to provide a heat sink from
6.7.2 For compressible specimens, spacers are requireda}f1 primary g provi .
xternal thermal variations. In some instances it may be

the test thickness can not be measured by other means. T’gesirable to provide a heat sink for these leads outside the
spacers shall be small in cross-section and located near t 3 P

: : ; : . rimary guard to minimize any radial heat flow.
exterior perimeter of the primary guard. Avoid placing spacer§ M .
on surfaces where underlying sensors are being used t06'8'2 Temperature Sens ethods possessing adequate

measure plate conditions. accuracy, su_ch as thermistors, thermocouples, diodes and

precision resistance thermometers may be used for the mea-

Note 11—Because of the changes of specime_n thickness possible_ assurement of temperatures in the apparatus. Thermocouples are
result of temperature exposure, or compression by the plates, it ithe most widely used detector due to their wide range of

recommended that, when possible, specimen thickness be measured in @ﬁplicability and accuracy. The goal is to measure the tempera-
apparatus at the existing test temperature and compression conditiog )

Gaging points, or measuring studs along the outer perimeter of the col re gradient within the spemm_en, and the m.ethOd chosen
surface assemblies, will serve for these measurements. The effectif€€NSOrs mounted on the specimen surface, in grooves, or
combined specimen thickness is determined by the average difference Retween interior layers) should be that which yields the highest
the distance between the gaging points when the specimen is in place accuracy in the measurement of the temperature gradient. A
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discussion of these alternatives is provided in 6.8.2.3 and 6.8.2.5 Number of SensorsThe number of temperature
6.8.2.4. sensors on each side of the specimen in the metering area shall
6.8.2.1 Use of ThermocouplesPrecautions should be used not be less than 1& +/A, or 2, whichever is greater.

to minimize spurious voltages in temperature control and Note 15—It is recommended that one temperature sensor be placed in

megsuring CirCUitS_- Spurious voltages, due to wire ilnhomo_gel_.'he center of the metered section and that additional sensor be uniformly
neities, generally increase as the temperature gradients withifstributed radially.

the measuring I_eads increase. For the same reason, Ju_nctlonss_9 Thickness Measurementsh means shall be provided
between dissimilar metal leads should not be made in th?

regions of appreciable temperature gradients. Low thermal emp, Mmeasurng the .thlcknoess of the specimen, preferably in the
a[?paratus, to within 0.5 %.

switches should be used in the temperature measuremen 6.10 Metered Section Power Measure Dc power is

circuits. An insulated, isothermal box of heavy sheet metal can. :
S S X highly recommended for the metered section. Ac power may be
be used when joining leads of dissimilar metals in the

thermocouple circuit. It is recommended that all connections OPSEd but the user should note that ac power determinations are

thermocouple wire to copper wire be accomplished within the'ore prone to error than _dc measurements. The power to the

. ) X : metered section is determined with a wattmeter or from voltage

isothermal box in order that the junctions are at the same .

) and current measurements across the heater in the metered

temperature; then the copper, not the thermocouple, leads afe _.. '

o . séction. The voltage taps for this measurement should be

connected to the needed switching devices and/or voltmeters : .
6.8.22A Th | h placed to measure the voltage from the mid-point of the gap.

' I' .I cchuracy | ermocouples whose oEtrilués ?ri l.JsedThe current can be determined from the voltage drop across a

to calculate thermal transmission properties shall be fabricategq qision resistor placed in series with the metered section

from either calibrated thermocouple wire or wire that has bee ater

certified by the supplier, and shall have a standard limit of error 6.11 Electrical Measurement SystemA measuring system
equal_to or Iegs than the specif_ications of Tables .E 239' Th aving a sensitivity and accuracy of at least0.1 K shall be
resulting error in temperature differences due to distortion o sed for measurement of the output of all temperature and

the heat flow around the sensor, to sensor drift, and Othet%mperature difference detectors. The system shall have suffi-

sensor characteristics shall be less than 1 %. cient sensitivity to measure the gap imbalance to a level equal
6.8.2.3 Methods of AttachmentThe surface temperatures {5 194 of the imbalance detector output that satisfies the
of the specimens are most often measured by means @fquirement of 6.8.1.2. Measurement of the power to the
permanently mounted thermocouples placed in grooves Cihetered section shall be made to within 0.2 % over the entire
into the surface plates. Precautions shall be taken to ensure ”B’éerating range.
the thermocouple is thermally anchored to the surface being g 12 performance ChecksWhen a new apparatus is com-
measured. This method of instrumentation is employed wheg,issioned or an apparatus has undergone significant refurbish-
the contact resistance between the specimen and the surfagRnt, a series of careful checks shall be performed before
plates is a small fraction of the specimen thermal resistanc%itiaﬂng routine testing.

The hot- and cold-surface assembly plate sensors on each side; 1 1 planeness-The planeness of each surface plate shall
are sometimes connected differentially. Thermocouple$e measured. See 6.3.1.1.

mounted in this manner shall be made of wire not larger than g 15 » Temperature Measurementa\ith specimens in-

0.6 mm in diameter for large apparatus and preferably nogigjieq in the apparatus, the coolant supply to the cold surface
larger than 0.2 mm for small apparatus. assembly shut off, and no electrical power being supplied to
Note 13—This method of deploying thermocouples is traditionally @Ny Of the heaters, mount the apparatus inside the enclosure.
used for compressible specimens and for rigid specimens possessing fAtlow the system sufficient time to come to thermal equilib-
surfaces that have a thermal resistance of greater than®2wn(1 h ft  rium. With no energy being supplied to the apparatus, note the
F/Btu) at ambient conditions. output of all of the temperature sensors. The temperature
Note 14—For rigid specimens not satisfying the requirements ofsensors shall have an output that agrees to within the uncer-
6.8.2.2, two techniques for attaching temperature sensors are recofpinty prescribed in 6.8.2.2. The output of the imbalance

mended. Small grooves may be cut into the surfaces of the specimens apghia tion circuit shall be within the noise level of the electrical

thermocouples can be affixed into these grooves. As an alternative

thermocouples may be installed onto the surfaces of the specimen and thrineasuremerlt system.

sheets of a compressible homogeneous material interposed between theB-12.3 Imbalance Detectioa-Determine the maximum im-

specimen and surface plates. In this latter case, an applied force should b@lance that can be allowed that satisfies the requirements in
used as indicated in 6.7 to ensure sufficient surface contact. For either @.8.2.2. With the apparatus energized and operating normally,
these applications, thermocouples shall be made of wire not larger than Ofote the thermal resistance of a specimen and the imbalance
mm in diameter. detector output at equilibrium. Repeat the test at various levels

6.8.2.4 Electrical |So|ation_Temperature sensors can be of imbalance. Linearly fit the thermal resistance data as a
either completely insulated electrically from the surface plategunction of bias. The slope of this relationship will define the
or grounded to the surface plate at one location. Consequentlflaximum imbalance detector output that can be allowed
thermocouples connected differentially can only have a singléluring routine operation.
junction ground. Computations or experimental verifications, o 16—The number of bias levels that need to be analyzed will
or both, shall be performed to confirm that other circuits do noljepend on the quality of the curve fit; the scatter within the data set, as
affect the accuracy of the temperature measurements. defined by twice the standard deviation, shall be less than the noise level
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of the electrical measurement system as defined in 6.11. metered section and guard area when possible. It is desirable to

6.12.4 Edge Heat LossesEdge heat losses give rise to the cover the gap between the guarded-hot-plate and the primary
greatest measurement errors when the specimens approach @4&rd when sample size is limited. The guard portion of the
maximum specified thickness and thermal resistance. Thigolume between the heating and cooling plates should be filled
series of experiments will determine which edge loss strategiegith material having similar thermal conductance characteris-
must be employed to maintain edge losses to levels prescribdigs as the specimen. When the specimen has a high lateral
by this method. conductance such as a dense solid, a gap between the metered

6.12.4.1 Install specimens in the apparatus that approach tisection and the primary guard shall be provided within the
apparatus limits described above and instrument these spesipecimen. Refer to 7.2.3 for special precautions.

mens with the edge temperature sensors described in 6.6. D07.1.3 Homogeneity-Specimens exhibiting appreciable in-
not install any components described in 6.6 to reduce edge heagmogeneities in the heat flux direction shall not be tested with
loss. While performing a test, verify that the difference this method. There are two potential problems in attempting to
between the specimen mean temperature and edge temperatyiermine the heat flux through highly inhomogeneous speci-
safisfy the requirements of 6.6. Add additional edge 0s§nens. One is related to the interpretation and application of the
apparatus components (edge insulation, secondary guard, §syjting data, see Practice C 1045. The other is the degrada-
closur_e) until t.he rgquirements _of 6.6 are satisfied. Thesgyn, in the performance of the apparatus. If the specimen is
experlments will def"?e the reqw.red Ievgls of edge loss thaFlighly inhomogeneous, that is, the heat flux varies appreciably
shall be incorporated into the routine testing. In extreme caseg, o the metered section, several errors can be significantly

the secondary guard may have to be biased to satisfy thei?’t‘f"creased. The plate temperature distribution can deviate ap-

:)erggggmgnts; include these biases as part of the routine teﬁ?eciably from isothermal conditions which, in turn, can cause

. . large uncertainties in the average temperature difference across
6.12.5 Emittance of Surface PlatesThe emittance of the 9 : . 9 P e
; i : : the specimen. The increased plate temperature variations can
surfaces can be experimentally verified by testing an air gap . )
Iso lead to increased gap and edge heat losses. The importance

where the thickness of the air gap is limited to prevent the onse%

of convection. The heat flow rate per unit temperature differ-Of measuring the plate or specimen surface temperatures at

ence is the sum of the thermal conductance of air and 4° numerous points is greatly increased under such conditions.
(2/e-1). A best fit of the plot of the heat flow rate per unit /-2 Specimen PreparatierPrepare and condition the
temperature difference and the inverse of the air space thiciléPecimens in accordance with the appropriate material speci-
ness supplies both the thermal conductivity of the air afigi ~ fication. Use the following guidelines when the material
(2/e-1). From this plot, the plate emittance can be verifi¢2). ~ SPecification is unavailable. In general, the surfaces of the
6.12.6 Overall Design Verification-When all of the other specimen should be prepared to ensure that they are parallel
checks have been successfu”y Comp|eted’ tests shall be péw.th and have uniform thermal contact with the heating and
formed on specimens that are traceable to a national standaré@oling plates.
organization. These tests shall cover the range of temperatures7.2.1 Compressible Specimend he surfaces of the uncom-
for which the apparatus has been designed. Verification of thpressed specimens may be comparatively uneven so long as
apparatus may be limited by the temperature range of availabkurface undulations are removed under test compression. It
standards. See 5.7. may be necessary to smooth the specimen surfaces to achieve
7. Specimen Preparation and Conditioning better plate-to-specimen contact. If the apparent thermal con-
. . . . ductivity of the contact void is greater than that of the
7.1 Specimen SelectierOnly those specimen selection . . -
factors important to the performance of the apparatus arghecimen, compressible or otherwise, the measurgd hgat flux
considered here. Factors related to the specimens’ therm\élvl'l.I be greater than the heat flux that would be obtained 'f. the
properties are typically described in material specificationsvo'ds were absent. Th|§ may oiten be the case at h!gher
When two specimens are required, the specimens should kggr'nperatures where radiant heat transfer.predomlnlates in the
selected to be as similar in thickness and thermal characteri¥—0'd' For the measurement of compressible specimens, the

tics as possible. The use of Test Method C 518 can be used [gMPerature sensors are often mounted directly in the plate

check the similarity of the specimens’ thermal characteristicsSUf@ces: Also, plate spacers may be required for the measure-

7.1.1 Thickness-The maximum specimen thickness that MeNt of compressible specimens.
can be measured to a given accuracy depends on several”-2.2 Rigid and High Conductance SpecimerBhe mea-
parameters, including the size of the apparatus, thermal resisurement of rigid specimens or high conductance specimens
tance of the specimen, and the accuracy desired. To maintafgquires careful surface preparation. First, the surfaces should
edge heat losses below approximately 0.5 %, for a guard widthe made flat and parallel to the same degree as the guarded-
that is about one-half the linear dimension of the meteredot-plate. If the specimen has a thermal resistance that is
section, the recommended maximum thickness of the specimefficiently high compared to the specimen-to-plate interface
is one-third the maximum linear dimension of the meteredesistance, temperature sensors mounted in the plates may be
section. For more specific quantitative information on thisadequate. However, for materials such as plastics or ceramics,
limitation see Ref§1,5,7,8)and adjunct material given in this when the thermal conductivity of the material exceeds 0.1
test method. W/m-K, the following techniques shall be used to ensure

7.1.2 Size—The specimen shall be sized to cover the entireaccurate surface temperature measurement.

10
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7.2.2.1 In some cases it is necessary to mount the tempera-8.7 Record the start time and date of the test. Begin data
ture sensors directly on the specimen surfaces or in grooves acquisition. The recorded data shall include: the date and time
the specimens. Under vacuum conditions, the slightest spacd data acquisition; power to the guarded-hot-plate; hot side
between plate and specimen is essentially an infinite thermaguarded-hot-plate surface temperature; hot side guard tempera-
resistance (except for radiative heat transfer). Under thesires; cold surface assembly temperatures; controlled environ-
conditions extreme heat flux nonuniformities will occur. In any ment ambient temperature and relative humidity; temperature
event the user should always try to minimize the ratio ofdifference or thermopile output across the gap between the
contact resistance to specimen resistance and to strive forguard and metered section; and calculated heat flux and
constant ratio over the entire surface. estimated thermal property of interest.

7.2.2.2 Another potential solution (that must be used with Note 18—Thermal steady-state is the time required for the test

caution) is to mour_]t a _compre35|ble thin sheet (for example, Qpparatus to stabilize. This varies considerably with the apparatus design,
soft rubber or thin fibrous pad) between the plates andpecimen to be measured, and test conditions. Generally, however, the
specimen to improve the uniformity of the thermal contact.stabilization time is on the order of hours. Stabilization times generally
When this procedure is used, temperature sensors shall b@rease with thick specimens, specimens with low thermal diffusivity and
instrumented in or on the surface of the specimens to ensui@dependent on the mass of the metered section area. Measurements in a
accurate temperature measurement of the specimen surface. fuum and on microporous materials create small monotonic changes
applied force should be used as in 6.7 to ensure sufficien?’s" @ 109 period of time and may take longer to stabilize.
surface contact. 8.8 Thermal steady state must be achieved for this test
7.2.3 Anisotropic SpecimensSpecimens that have a high method to be valid. To determine if steady state is achieved, the
lateral to axial conductance ratio require that a low conducoperator must document steady state by time averaging the
tance gap be created in the specimen directly in line with thelata, computing the variation and performing the following
gap between the metered section and the primary guard.  tests on the data taken in Section 8.
7.2.4 Loose-Fill SpecimensThe measurement of loose-fill  8.8.1 Thermal steady state for the purpose of this test
specimens requires special handling, conditioning, and meanethod is defined analytically as:
surement techniques. The user is directed to Practice C 687 for8.8.1.1 The temperatures of the hot and cold surfaces are
details. stable within the capability of the equipment at the test
7.3 Specimen Conditionirg-Condition the specimens ei- conditions. Ideally an error analysis will determine the magni-
ther as stated in the material specification or where ndude of the allowable differences, however the difference is
guideline is given, at 22+ 5°C (72 = 3°F) and 50+ 10 % usually less than 0.1 % of the temperature difference.
relative humidity for a period of time until less than a 1 % mass 8.8.1.2 The power to the metering area is stable within the
change in 24 h is observed. capability of the equipment. Ideally an error analysis will
. . . . ._determine the magnitude of the allowable differences, however
NoTe 17—Sp(_aC|mens can be conditioned at dlff_erent condltlons in he diff . v | than 0.2 % of th It
order to determine the effect on the thermal properties of the spemmeng. € dilierence 1S usually less than U.2 ¥ o the average resu

Conditioning environments shall be reported with the test results. expected.

8.8.1.3 The required conditions above exist during at least

8. Procedure four intervals 30 min in duration or four system time constants,
8.1 For a double sided test, select a pair of test specimens ashichever is longer.

outlined in Section 7.

8.2 Measure and record the specimen mass and dimensio Note 19—The thermal time constant of the system is the time required
) p NS come to within 1¢ (37 %) of the fixed value after a step thermal

Also see 8.12. disturbance of the system. The thermal time constant in the constant power
8.3 Install the specimen into the apparatus at the desired tegide is the time required to come to within 37 % of the final temperature.
thickness. The thermal time constant in the constant temperature mode is the time
8.4 Install the appropriate secondary guarding and an enviequired to come to within 37 % of the final power. The thermal time
ronmental chamber (as required). constant of a system can be approximated from tr_le thermal Qiﬁusivities of
8.5 If the test is to be conducted with gases other than air iH1e system components, but is generally determined experimentally.
the specimen-plate assembly, purge the environmental chamber8.9 After achievement of the desired steady-state as defined
and backfill with the desired gas. Care should be taken to limiin 8.8.1, three successive repeat data acquisition runs shall be
the pressure of the fill-gas to below its condensation point atompleted. These runs shall be conducted at intervals of at least
the lowest temperature expected within the chamber. Since tH20 min and should not be less than the thermal time constant of
measured heat flux is dependent on both the type of fill gas arthe system (see Note 19). This combination of three runs shall
pressure, record both of these parameters. be considered a valid test if each datum obtained for each
8.6 Adjust the heating and cooling systems to establish theneasured variable meets the following criteria.
desired test conditions. For guidance in establishing test 8.9.1 The data do not differ from the mean by no more than
temperatures, refer to Practice C 1058. The ambient temper#hie uncertainty of that variable, see AL1.5.
ture should be the same as or slightly above the mean 8.9.2 The data obtained does not change monotonically with
temperature of the test. This may require the use of dme. Thisis determined by comparing the average result of the
temperature controlled surrounding. This can be accomplishefihal three test periods to the averages of the previous four
utilizing a controlled perimeter heater and insulation materialperiods. Graphing of the test parameters versus time or
to aid in the control of the surrounding temperature. monitoring the slope of the data are techniques for determining

11
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monotonic conditions. sensors are normally converted to temperature using a math-
8.9.3 If the data continues to drift, the test shall be considematical equation based on either the sensor’s calibration curve
ered incomplete and further data acquisition sets shall ber an appropriate reference such as a thermocouple voltage
conducted until thermal steady state is achieved. Drift, even atble.
low levels, may indicate that either the specimen characteris- 9.6 Density— The metered section area specimen density,
tics are changing or the system is not at steady-state. Far,, or the sample densityp, where metered section area
further details see Ref8,12,13) density cannot be obtained, are to be reported as the average of
8.10 Prior to terminating the test, measure and record ththe two pieces. The equation for density, is the following:
pressure of the chamber. m
8.11 Upon completion of the thermal test outlined above, Pm = ATMIP5L (6)
remove the specimen and examine the system components,
such as temperature sensor mounting, for proper placement and”"
operation. 0o = my
8.12 Determine the specimen thickness and weight after the ° AlmPSL
test to ensure that they have not changed from the initial 9.7 Thermal Transmission Properties These properties
condition. Record any changes in the physical characteristicshall be reported only in accordance with the requirements and
of the specimen. restrictions of Practice C 1045.

9. Calculation 10. Report

9.1 The primary data required for this test method include 10.1 To be in conformance with this test method, report the
electrical power, surface temperatures, area, and thickness. %f” oWin g '

these, only thickness is generally a directly measured quantity. 10.1.1 The report shall be identified with a unique number-

The others are either calculated from other more fundgment:ﬁllg system to allow traceability to the individual measurements
measurements or are converted by an electrical device. quken during each test performed

manner in which these variables can be obtained is discussed iN; 5 1 5 e average values as obtained from the test. Stan-

8.9 and below. o
. . dard deviation about that average. The results may be reported
9.2 Heat Flow—The heat flow to be reported is that which in a form similar to that shown in Fig. 3,

passes tgrgwn each spdemme_n. I]h's IS equarl] t% thgl po_vc\j/er 0.1.2.1 Identification of the test organization, responsible
generated by the metered section heater. For the double-si rson in charge, test operator (optional) and the test sponsor,
mode of operation, only one—ha_lf the power generated by th 10.1.2.2 The generic name, or other identification required
heater flows through each specimen. Determine the pager, to provide a complete and detailed description of the tested

from emf, E, and current/, and calculate as follows: material. For hygroscopic materials, such as concrete and
Q=E[m]P5I (@) wood, the moisture content should also be given,

9.3 Metered Section AreaDetermine the metered section Note 20—A generic description in addition to the brand name should
areaA, from the aread,, of the guarded-hot-plate and the gap pe reported where possible.
areaA,. If there is no discontinuity in specimen characteristics

in the gap region, the metered area is calculated as follows: 10.1.2.3 Information regarding the specimen precondition-

Ing,

A= Am+ﬁ 3) 10.1.2.4 Variables that effect thermal transmission proper-

ties, such as fill-gas and pressure, shall be specified when
For high precision measurements, this assumption that thapplicable,

gap contributes half of its area to the effective metered section 10.1.2.5 The dimensions of the metered section and
area,A, may need to be verified for the particular apparatugguard(s) and their relationship to the overall specimen dimen-
used. If there is a discontinuity between the specimen in thsions (m). The plate emittance,
metered section and the guard region, this equation is modified 10.1.2.6 Specimen orientation and the direction of heat
slightly, as in 1ISO 8302, to include the effect of heat flux transfer during the test,

distortion in the gap region: 10.1.2.7 The total area of the specimerf\m
AN 10.1.2.8 The specimen density of the metered section area
A=A, + Z—)f’ (4)  orsample density where metered section area density cannot be

Where significant expansion, or contraction, of the guarded(-)b;‘?)mle;j !gk%/rzrg)’thickness of the specimen(s) within the me-
hot-plate is known during a test, appropriate corrections to th?ered s:e.ction (m) P

area shall be made.
9.4 Heat Flux—The heat flux is obtained from the ratio of 10'1'2'1.0 The area averaged temperatures of both hot and
cold specimen surfaces (K),

the heat flowQ, and t.he total metered section aréaand is 10.1.2.11 Net steady-state average heat flux through the
calculated as follows: :
specimen (W/rf),

_Q 5 10.1.2.12 Any thermal transmission properties calculated
a=x 5) . .
and reported and their estimated error, and
9.5 Temperature-Electrical readings from the temperature 10.1.2.13 The test date and time, the time required for
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steady temperature conditions, the time to reach steady-staiejbalance. Other errors studied include the effect of gap width
the data acquisition time period, frequency of data collectioron the heat flow; and, the proper determination of the metered

and the end date and time. section area. These errors and others are discussed in detail in
10.2 The following is optional information that may be Al.3.

included in the report: 11.4.1 Edge Loss Errors-These have been found to depend
10.2.1 Values for guard loss, back side energy loss and oth@h the size (and type) of the guard, the specimen thermal

losses included in the net energy calculation (\ijjrand conductivity and thickness, and ambient temperature
10.2.2 A full description (or references) of test procedureq7,18,20,21,31,33)By using a sufficiently wide guard (see

and data analysis techniques used. Section 6), appropriate levels of edge insulation, and proper

10.3 When certification of the test results is required,selection of the ambient temperature (see Section 8), the edge
include the date of the latest apparatus verification and #oss error can be reduced to a negligible value relative to the
description of the procedures used. References for the verifspecimen heat flow (see Annex A4.2). There is only limited
cation report(s) shall also be included. Where applicablegxperience (at room temperature) with measurement of appar-
include a statement of laboratory accreditation of the tesént conductivity at large thickness’ (above 30 cm), but errors
facility used, including date of latest inspection. may be expected to be above 2 %, especially if the user does

10.3.1 Where agreed upon between the customer and tht reduce the problems associated with long time constants
test laboratory, less maybe reported but the remainder of thand large lateral heat flow81).
results shall be made available. 11.4.2 Gap Imbalance Error~These have been found to

Note 21—Caution: Where this test method might be specifically depend on several parameters including the temperature dif-
referenced in published test reports and published data claims, and whefi@rence, the gap geometry, the structural support system, the
deviations from the specifics of the test method existed in the tests used wires crossing the gap (number, size, and type), the gap fill
obtain said data, the following statement shall be required to accompanghaterial (gas or insulation), the emittance of the gap surfaces,
such _published i_nf_ormation‘.‘This test did not f_uIIy comply with and the specimen material in the vicinity of the gap
following the provisions of Test Method C 177."This statement shallbe 5 & g 1g 25 36)The resulting heat flow due to a temperature
followed by a listing of specific deviations from this test method and any. "' "'~ "=™’ . . .
special test conditions that were applied. imbalance can be obtalne_d_elther by calculapt_)n basec_i on t_he

above parameters or empirical data. An empirical relationship
11. Precision and Bias for the gap heat flow can be determined by purposely intro-

11.1 This section on precision and bias for the guarded h(ﬂ"ucing a t_emperature.imbalance.across the gap and measuring
plate apparatus includes a discussion of; general statistic§i® resulting change in the specimen heat flow (see A1.4.3).
terms; statistical control; factors affecting test results; rugged- 11.5 Ruggedness TestsThe results of one ruggedness
ness tests; interlaboratory comparisons conducted by ASTNtudy for a 200 mrh guarded hot plate and two materials
Committee C-16; proficiency testing conducted under théaving different thermal conductivity’s have been reported
auspices of the National Voluntary Laboratory Accreditation(37). Matched pairs, 85 mm thick, of polyurethane foam and
Program (NVLAP); and error propagation formulae. silicone rubber were measured at a mean temperature of 297 K

11.2 General Statistical TermsThe accuracy of a test and a temperature difference of 23 K. For each specimen, the
result refers to the closeness of agreement between the oidth of edge insulation was set at one of five levels (0, 12.7,
served value and an accepted reference value. When applied48-4. 50.8, and 76.2 mm) while the ambient temperature was
a set of observed values, the accuracy includes a randoM#aried at one of three levels. The results indicate that the edge
Component (imprecision) and a Systematic Component (biasb(_)sses are redl:lced with edge in$u|ati0n but Onlly.become Zero
The variability associated with the set of observed values is awhen the ambient temperature is at one specific value. The
indication of the uncertainty of the test result. Additional OPtimum ambient temperature appears to be a function of
information on statistical terminology is available in Terminol- SPecimen thickness and thermal conductivity, and edge insu-
ogy E 456. lation thickness.

11.3 Statistical Control—The user of the guarded,'hOt'pIate Note 22—As noted in Section 8, the value of the ambient temperature
apparatus shall demonstrate that the apparatus is capable 9ket 1o either the same value as the mean temperature of the test or a
performing in a consistent manner over tiif85). The use of  value slightly above the mean temperature. The user should determine the
control charts (see Manual(34)) to monitor the operation of optimum value for their apparatus and test conditions by using the
the guarded hot plate is one recommended way to monitor thgensitivity analysis described in A4.2. This dependence may change
control stability of the apparatus. When possible, it is recom-appreciably for different specimens or apparatus conditions and, therefore,
mended that a reference material traceable to a national stafi°u!d P& done under typical test conditions.
ard s laboratory be used as the control specimen. Ideally, the 11.6 Interlaboratory Tests-The results of three published
long-term variation should be no greater than the short-ternmterlaboratory tests for guarded-hot-plate apparatus are dis-
variability. cussed below. The results, where appropriate, state an index of

11.4 Factors Affecting Test ResultsExperiments and theo- precision (between laboratory) of two-standard deviation limits
retical analyses have identified two principal (systematic)2s). Certain aspects of the interlaboratory tests were not
errors that affect the operation of an idealized guarded hot plateonducted completely in accordance with the requirements of
apparatus. These errors are edge heat flows at the peripheryRifactice E 691, for example, the number of test laboratories
the specimens; and, heat flow across the gap due to a thermaas less than six in one study and none of the studies required
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replicates. Furthermore, a study involving a variety of materi-  TABLE 1 NVLAP Proficiency Tests for Guarded-Hot-Plate

als is needed. Consequently, a general statement for the index Apparatus Ref (39)
of precision and bias that covers all conditions and materials is Therdmal .
unavailable. In the interim, the user is directed to the interlabo- . Nominal - Co0E e SR
ratory tests if information on precision and bias is needed (see Material THIEKNSS: * Group  of Labs  Variation, <"
Practice C 687 for loose-fill materials). M’;?(eank) %
. . m
11.6.1 In 1951, results of an interlaboratory comparison— o p 0037 . 50 o
Xpanae olystyrene . .
were reported38) for 20 guarded-hot-plate apparatus from 17,5 P
laboratories. The plates ranged in size from 200 to 600 mnroam Board, rigid 25 0.040 9 2.52 4
square. Different (numbered) pairs of corkboard (25 mm thick)p!ass-fier batt 25 0040 10 215 5
Glass-fiber batt 25 0.0404 64 2.26 74
were measured by each laboratory at a mean temperature frofcs siver batt 25 00394 74 2g2A  3BA
266 to 322 K. The data from 15 of the 20 apparatus (75 %)slass-fiber batt 25 0.040 9 3.28 3A
were within = 3 % of the mean value as determined by theGlass-fiber batt 25 0040 7 343 7
. . . lass-fiber batt 25 0.040 9 4.66 3B
National Bureau of Standards (now the Ngtlonal Instlyutg OfGiass-fiber batt, foil faced 25 0032 9 098 6
Standards and Technology). The maximum deviationsslass-fiber batt, foil-faced 50 0.033 7 1.45 9
+ — 0, (stacked)
were +13 and - 16 %. Glass-fiber batt, foil faced 25 0.032 8 1.95 8

11.6.2 In 1985, results of a third round of interlaboratory—— — , —

K X ecalculation with one or more laboratories excluded from the group statistics
comparisons were reporte@dl) for five large guarded-hot- pecause their test results deviated from the pre-characterized value by more than
plate apparatus ranging from 610 to 1219 frand 1016 mm 6%
diameter (the last apparatus mentioned being a circular line-
heat-source guarded-hot-plate). The same specimens
fibrous-glass blanket (16 kg/m) were circulated to each
laboratory. Matched pairs were tested at 297 K and thickness
of 25.4, 50.8, 76.2, and 101.6 mm. Imprecision of the data
versus a semi-empirical model for a density range of 11 to Z(E

kg/m ® were 1.9, 2.3, 2.6, 2.9 % (23. level) at thicknesses o negligible) independent errors that are uncontrolled, for ex-
25.4,50.8,76.2, 101.6 mm, rgspectlvely. ) ample small fluctuations in environmental conditions or plate
11.6.3 In 1988, results of a interlaboratory comparison wer@emperatures. Random errors are assumed normally distrib-
reported (30) for seven high-temperature guarded-hot-plateyted, uncorrelated, and preferably small. In general, random
apparatus. The plates ranged in size from 203 to 406 mm igyrors are a function of the capabilities of the control system
diameter and 300 to 610 nfmDifferent matched pairs of and, to a lesser extent, the measurement system.
fibrous alumina-silica and calcium silicate were measured by 11 g2 Systematic Errors.—A systematic error (bias) is a
each laboratory over a mean temperature range from 330 {ged deviation that is inherent in each and every measurement.
701 K. Reference equations based on NIST-Boulder correqf the magnitude and direction of the systematic error are
tions were fit to the data. Imprecision in the deviations from thecnown, the user can make appropriate correction(s) to the
model were 15 and 16 % (2s level) for fibrous alumina-silicameasured value. Under such circumstances a justification for
and calcium silicate, respectively. It was established that ge correction should be provided. In general, the magnitude of
significant percentage of the standard deviation in this comhe error, § J, is estimated by experience or judgment.
parison was due to material variability and not apparatus error. 11 8 3 Statement of UncertaintyThe statement of uncer-
11.7 Proficiency Tests-In 1985, the results of a series of tainty requires an expression having credible limits for its
proficiency tests conducted for NVLAP over a four-year periodinaccuracy. Different traditions and usage have resulted in
were reporteq39) for guarded-hot-plate apparatus (plate sizedifferent expressions of uncertainty that may be summarized as
not reported). Different specimens of four thermal insulationfollows: both imprecision and bias negligible; imprecision
materials were distributed to each laboratory for testing. Thenegligible, bias not negligible; neither imprecision nor bias
materials were expanded polystyrene; foam board; low-densityiegligible; and, imprecision not negligible, bias negligible.
glass-fiber batt (8 to 16 kg/rf); and, high-density glass-fiber ~ 11.8.4 Sources of Errors-The uncertainty of the apparatus
batt, foil-faced (64 kg/mM). Each laboratory reported a single as determined by propagation of errors should consider the
test result, that is, no replicates were conducted. Results of thgror in each of the separate measurements used to determine
proficiency tests are summarized in Table 1. The index othe test result. For a guarded-hot-plate apparatus, these errors
precision (between laboratory) is expressed as a percentage iafrmeasurements are the uncertainty in: heat 8Qytempera-
the one-standard deviation limit(s) divided by the mean of theure differencepA T; metered section aredA; and specimen
test result, or one-coefficient of variation (CV %). thickness,3L. These errors and an example are discussed in
11.8 Error Propagation—Several formulae are available Al.3.
(40) for determining the apparatus uncertainty by error propa-
gation. For guidelines on using a standard procedure, the usé¢- Keywords
is referred to ISO Guide to the Expression of Uncertainty in 12.1 error analysis; guarded-hot-plate; heat flow; heat flux;
Measuremen(32). Strictly speaking, determining a statement steady-state; thermal conductivity; thermal resistance; thermal
of uncertainty for a test result requires treating random andransmission; thermal conductance; thermal testing

g)f/stematic errors separately. A description of random and
systematic errors and possible sources of error are discussed
low.
11.8.1 Random Errord,— In a measurement, random errors
imprecision) are considered to be the sum total of all the small
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ANNEX
(Mandatory Information)

Al. THICKNESS MEASUREMENT, LIMITATIONS AND MEASUREMENT UNCERTAINTY

Al1.1 Importance of the Thickness of the Insulation Speciportion of the rod extending from the plate should be smooth
mens in Guarded-Hot-Plate MeasuremeniBhe thickness of and parallel to the plane of the plate surface. Alternatively, the
the specimen as installed in the apparatus determines both th&ates may be machined with flat, horizontal plates extending
density of the material and the temperature gradient applied tsom the circumference. Similar rods (or plates) are likewise
it during the measurement of the thermal property. If thelocated on each auxiliary heater plate, at the same circumfer-
thickness of a specimen is changed from its room-temperaturential positions, vertically (within 5° of arc) above or below the
value by thermal effects (thermally reversible expansion orods on the metered area/primary guard assembly.
contraction, or thermally induced irreversible shrinkage or A1.2.1.1 With no specimens installed, with the heater plates
expansion of the specimen), or by compression, then use of thntacting each other in their usual order, and taking care not
room-temperature thickness outside the apparatus will lead @ change the plate separation, measure the separation between
error in the determination of the apparent conductivity (oreach vertical pair of rods on two adjacent plates with a vernier
resistivity) of the specimen. A given relative (percentage) errocalliper. Compute the arithmetic mean of the plate separation
in the thickness leads to an equal relative error in thefor each pair of adjacent plates. Then, with specimens installed
determination of the conductivity. For measurements of therbetween the plates in the apparatus, and with the usual
mal properties at mean specimen temperatures near roomechanical loading applied, measure the separation between
temperature the error in neglecting any changes in thicknesse pairs of rods on adjacent plates, taking care not to change
may be negligible, but this can be ascertained only bythe plate separation. Compute the arithmetic mean. Subtract the
observation in the specific case at hand. mean separation obtained with no specimen from the mean

separation with the specimen present, for corresponding pairs

Al1.2 Suggested Ways to Measure Thickness of Incompresef plates, to obtain the as-installed thickness of each specimen.
ible Specimens-In determining the thickness of a specimen, The standard deviation about the average of values from
one assumes that it is properly shaped, so that the measuregbeated measurements of the plate separation, starting from
thickness is valid. However, two different situations maytotal disassembly, gives a statistical measure of the reproduc-
sometimes occur to affect the thickness measurement. Thbility. If contact cannot be made between the plates, standard
shape of the specimen may be distorted by warping or bowingpacers can be inserted between the plates. Bringing the plates
at the time it is first installed in the apparatus. In this casein contact with the spacers can determine the adjustment in
either the (flexible) specimen should be compressed enough gpecimen measured thickness required.
remove the distortion when installed, (or, preferably, a speci- A1.2.1.2 The accuracy of this procedure is equal to the
men of better quality should be selected). Independent of, thgnprecision with which the vernier can be read. The accuracy
specimen may undergo a change of shape as it is subjected this test method depends on the precision with which the
either to high mean temperatures or to large temperaturgyds are mounted in a true horizontal orientation, and on not
gradients, due to chemical changes occurring in the specimathanging the plate separation during the measurement. The
at high temperatures. In this case it is difficult to define whatstandard deviation about the average of values from repeated
the thickness of the specimen actually is during the measurgneasurements of the plate separation, starting from total
ment. The thickness of the specimen should be measured bogfisassembly, gives a statistical measure of the reproducibility.
before and after the thermal transmission property is measured, o1 2 2 An alternative is to place the specimen on a flat
to show whether such dimensional changes are occurring. Ay rface and measure the thickness at various points across the
warping or bowing of the specimen, before or during measuréspecimen with a thickness gage mounted above the specimen.
ment of thermal properties, adds to the uncertainty in the valugpe zerg s first established by resting the foot of the gage on
of thickness. Some materials such as polymers have larg@e fiat surface. The specimen is then measured. This procedure
coefficients of expansion and the material tends to bow unlesgas the advantage that specimen flatness and warp can be
a small thickness and temperature difference across the spegieasured. Thickness is measured typically in at least five
men is used. different locations across the full specimen and within the

A1.2.1 The recommended procedure for measuring specmetered section to establish the metered thickness within the
men thickness is to measure the thickness while installed in th@pparatus. The thickness, when applicable, should be measured
apparatus. This is necessary if the correct temperature gradiedfter the test to monitor any significant changes that may have
actually applied to the specimen during the measurement of theffected the results.
thermal property is to be obtained. Rigid rods may be securely A1.2.2.1 The accuracy of this test method is equal to the
installed extending laterally from the outer edges of theimprecision with which the gage can be read. The accuracy and
metered area/primary guard assembly, at two or three equallgproducibility of this test method depends on the ability of the
spaced locations along the circumference of the plate. Theperator to reproduce the amount of force exerted on the
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specimen especially in the case of compressible specimens.tions, the accuracy of the calibration of each thermocouple may
Al1.2.3 Another alternative is to use a micrometer or vernietbe the limiting factor in the accuracy of measured temperature

calliper. This assumes that the specimen is not bowed dadifferences. In this case, it is recommended that temperature

warped, that should of course be ascertained. During a medlfferences of at least 10 K to 20 K are used in order to

surement of thickness with a calliper, prevent the narrow jawsninimize temperature-difference measurement errors.

of the measuring tool from penetrating into the surface of the A1.4.3 Higher temperature differences are limited only by

specimen. Cut two small pieces of flat, rigid rectangular metathe capability of the apparatus to deliver enough power while

sheet, about 20 by 40 mm and 0.5 to 1.0 mm thick. Measure thenaintaining required temperature uniformity.

combined thickness of the two metal rectangles; then measure A1.4.4 Maximum Specimen Thickness

the thickness of the specimen while holding one metal piece A1.4.4.1 The boundary conditions at the edges of the
under each jaw, between the surface of the specimen and tR@ecimens due to the effects of edge insulation, of auxiliary
jaws of the micrometer or calliper. Be sure to subtract theyuard heaters and of the surrounding ambient temperature will
combined thickness of the two metal plates from the totalimit the maximum thickness of specimen for any one configu-
thickness of specimen plus metal pieces, to obtain the nehtion, as described in Section 6. For composite or layered
specimen thickness. By this method measure the thickness gsecimens, the mean measurable thermal conductivity of each
eight different, equally spaced locations around the outefayer should be less than twice that of any other layer.
margin of the specimen. _ _ Al.4.4.2 This is an approximation and the results do not
Al.2.3.1 The accuracy of this procedure is equal to théecessarily imply the measurement of conductivity of each
precision with which the vernier (or micrometer) can be readjayer. The accuracy will remain close to that predictable for
The accuracy and reproducibility of this test method is lowekests on homogeneous specimens. No guidelines can be sup-

than that described above in A1.2.1 and A1.2.2, due to thgjied to assess measurement accuracy when the requirement of
variable pressure used by different people in measuring the 3 is not met.

specimen between the jaws of the micrometer or calliper. A1.4.5 Minimum Specimen Thickness

A1.3 Limitations Due to Apparatus: Al1.4.5.1 The minimum specimen thickness is limited by
contact resistances given in A1.3.1. Where thermal conductiv-

¢ At‘.l'g"l L.'md'tat'onfs Duef :19 r?;)hntact lResgta?eeWhi? ti ity or thermal resistivity is required, the minimum thickness is
esting a rigid specimen of high theérmal conductance (tha Salso limited by the accuracy of the instrumentation for mea-
specimens of a material too hard and unyielding to b

appreciably altered in shape by the pressure of the heatin anéiJring the specimen thickness.
ppr y pe Dy the press 9 Al1.4.5.2 The metered area, that is, the area of the specimen
cooling units), even small, non-uniformities of the surface of

. raversed by the heat flow-rate fed by the metered section, is
both the specimen and the apparatus (surfaces not perfec . . .
. . . I rélated to the specimen thickness and to the gap width. As the
flat) will allow contact resistances not uniformly distributed

between the specimens and the plates of the heatin art]Bickne:ss tends to zero, the metered area tends to the area of the
cooling units P P 9 alfetered section, while for thick specimens the metered area is
Al3.1.1 T.hese will cause nonuniform heat flow-rate distri-bounded by t.he line defining thg centre .Of the' primary guard
bution and thermal field distortions within the specimens;gapi To avou_:l complex_ corrections, this c_ieflnlt_lon can be
moreover, accurate surface temperature measurements will eetamed, provided the thickness of the specimen is at least ten

. ) : X imes the width of the gap.
difficult. For specimens having thermal resistances less than A1.4.6 Maximum Operaing Temperature

0.1 nt K/W, special techniques for measuring surface tempera- ) .
Al.4.6.1 The maximum operating temperature of the heat-

tures will be required. Metal surfaces should be machined or _ : - o
cut flat and parallel and stress-relieved. ing and cooling units may be limited by oxidation, thermal

A1.3.2 Upper Limits for the Thermal Resistance stress or other factors that degrade the flatness and uniformity
A1.3.2.1 The upper limit of thermal resistance that can pPf the surface plate and by changes of electrical resistivity of

measured is limited by the stability of the power supplied to theelectrical insulations which may affect accuracy of all electrical

metered section, the ability of the instrumentation to measurg'€asurements. N
power level and the extent of the heat losses or gains due to A1-4.7 Vacuum Conditions .
temperature imbalance errors between the central and guardA1.4.7.1 Care must be taken if a guarded hot plate is used

sections of the Specimens and of the metered section. for measurements under vacuum conditions. If a hlgh vacuum
o _ is desired, the materials used in the design of the apparatus
Al.4 Limits to Temperature Difference: must be carefully selected to avoid excessive outgassing under

A1.4.1 Providing uniformity and stability of the tempera- such conditions. Under vacuum conditions, especially at lower
ture of the hot and cold surfaces of the plates, the noisdemperatures, serious errors can arise if care is not taken when
resolution and temperature measurements can be maintainétalling heater and temperature sensor leads so as to mini-
within the limits outlined in Section 6, temperature differencesmize extraneous heat flow-rates and temperature measurement
as low as 5 K, when measured differentially, can be usederrors.

Lower temperature differences shall be reported as not com- A1.4.8 Apparatus Size
plying with this standard. See Practice C 1058. A1.4.8.1 The overall size of a guarded hot plate will be

Al.4.2 If temperature measurements of each plate are madmverned by the specimen dimensions that typically range from

by means of thermocouples with independent reference jun®.2 to 1 m diameter or square. Samples smaller than 0.3 m may
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not be representative of the bulk material, while specimensften a function of temperature differences across the speci-

larger than 0.5 m may create considerable problems in maimen. In the report, the range of temperature differences that

taining the flatness of the specimens and plates, temperatuapply to the reported values of the two properties must be
uniformity, equilibrium time and total cost within acceptable defined, or it must be clearly stated that the reported value was
limits. determined at a single temperature difference.

AL5 Limitations Due to Specimen: m;}Anl.s.B Mean Measurable Thermal Conductivity of a Speci
A1.5.1 Thermal Resistance or Thermal Conductance A1.5.3.1 Inorder to determine the mean measurable thermal
Al1.5.1.1 Specimen Homogene#yln inhomogeneous conductivity (or thermal resistivity) of a specimen, the criteria

specimens, the thermal flux density both within the specimef A1.3.1 shall be fulfilled. The specimen shall be homoge-

and over the faces of the metered section area may be neithﬁéous_ Homogeneous porous Specimens shall be such that any
unidirectional nor uniform. Thermal field distortions will be inhomogeneity has dimensions smaller than one-tenth of the
present within the specimen and can give rise to serious errorgpecimen thickness. In addition, at any one mean temperature,

The region in the specimen contiguous to the metered sectiofie thermal resistance shall also be independent of the tem-

area and especially near the edges of this area is most criticglerature difference established across the specimen.

Itis hard to give reliable guidelines on the applicability of the  A1.53.2 The thermal resistance of a material is known to

method in such cases. The major risk is that the imbalancgepend on the relative magnitude of the heat transfer process

errors, edge heat loss errors, etc., now unpredictable, can vafyolved. Heat conduction, radiation and convection are the
in an unpredictable way when inhomogeneities take differenprimary mechanisms. However, the mechanisms can combine
relative positions within the specimen. or couple to produce non-linear effects that are difficult to

A1.5.1.2 One way to try to estimate the error is to compareynalyze or measure even though the basic mechanisms are well
the results for two specimens from the same sample, selectedsearched and understood.

or the metered section area. If the two extremes cannot bgyon the temperature difference established across the speci-

identified, a number of specimens may have' to be tested. men. For many materials, products and systems, a complex
A1.5.1.3 In some samples, the variation in structure mayjependence may occur at temperature differences which are

occur over small distances. This is true for many therma{ypicm of use. In these cases, it is preferable to use a

insulations. In such cases, it may be possible to use a sing{f@mperature difference typical of use and then to determine an

specimen cut larger than the apparatus. This over-size SPeGpproximate relationship for a range of temperature differ-

men is tested twice, in each case with the specimen carefullynces. The dependence can be linear for a wide range of
positioned so that the edges of the test area are exposed to tﬂé@nperature differences.

two extremes in structure. The two results are then compared p1.5 5 Some specimens, while being homogeneous, are
and the difference credited to distortion. The portion of theapisotropic in that the thermal conductivity measured in a
specimen(s) protruding from the apparatus should be weljirection parallel to the surfaces is different to that measured in
insulated in the two tests to reduce the possibility of they girection normal to the surfaces. For such specimens, this can
exposed section increasing edge losses. The size and thickn@ggyt in larger imbalance and edge loss errors. If the ratio
of the specimen affects the size of the variations in structurgenyeen these two measurable values is lower than two,
that can be accommodated. The larger the test area, the smalighorting according to this method is still possible if imbalance
.the effect on the result_s. The gffect of_ distortion may eitherg,q edge heat loss errors are determined separately with
increase or decrease with specimen thickness. anisotropic specimens mounted in the apparatus.

A1.5.1.4 Direct thermal short circuits may exist between the a1 56 Thermal Conductivity or Thermal Resistivity of a
surfaces of the specimens in contact with the plates of thgsierial:
heating and cooling units. The largest effect occurs when a1 56 1 |n order to determine the thermal conductivity or
sections of material which conduct heat readily, with extendeqemg| resistivity of a material, the criteria of A1.3.2 shall be
surface area on each side of the specimen, are connected by, gijjied. In addition, adequate sampling must be performed to
path of low thermal resistance relative to other paths. The effectsre that the material is homogeneous or homogeneous
can best be identified by breaking the thermal paths, especiallysroys, and that the measurements are representative of the

when the collecting surfaces can be disconnected from the reShole material product or system. The thickness of the
of the path. Sheets of thermally insulating materials can b%pecimens must be greater than that for which the thermal

used at the critical surfaces to provide the break. Sheets madgqyctivity of the material product or system does not change
of finely ground cork, or a similar material 2 mm or more thick, ,

fy more than 2 % with further increase in thickness.

work well. The surfaces must be ground to the same degree o

flatness as the heating unit. The thermal resistance of theseNote .Al.l—R_esuIt_s obtain_ed on specimens where thermal conductiv-

sheets can be determined in separate measurements. The %Fétl" changmg with specimen thickness are only applicable at that

change in thermal resistance of the specimen, due to thermaltecific test thickness.

shorting, can thus be determined. If greater than 1 %, another A1.5.7 Dependence on Specimen Thickness:

measurement should be made with thicker sheets imposed. A1.5.7.1 Of the processes involved, only conduction pro-
Al1.5.2 Temperature-Difference Correlation duces a heat flow-rate that is directly proportional to the
A1.5.2.1 Thermal resistance or thermal conductance arthickness of a specimen. The others result in a more complex
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relationship. The thinner and less dense the material, the motme shall be determined to compute a thermal conductivity
likely that the resistance depends on processes other thap,= AL/AR defined as the ratio between the increments of
conduction. The result is a condition that does not satisfy théhicknessAL, and increments of the thermal resistanti,
requirements of the definitions for thermal conductivity and A1.5.7.11 The thickness at which this occurs will vary
thermal resistivity, both of which are intrinsic properties, sinceaccording to the densities, types and forms of different mate-
the transfer factor shows a dependence on the specimeials, products and systems for different mean temperatures.
thickness. For such materials, it may be desirable to determine A1.5.7.12 Thermal conductivity and thermal resistivity then
the thermal resistance at conditions applicable to their useharacterizes the material, product or system for thicknesses
There is believed to be a lower limiting thickness for all above which the transfer factor differs by less than 2 % fiom
materials below which such a dependence occurs. Below this.

thickness, the specimen may have unique thermal transmissionA1.5.7.13 Allowance for experimental errors must be made
properties, but do not relate to the material. It remainsjn the interpretation of results. Least-square curve fittindR of
therefore, to establish this minimum thickness by measureversusL may also help. A larger number of specimens may be

ments. used where greater definition is required.
A1.5.7.2 Determination of minimum thickness above which A1.5.7.14 Thickness dependence may be a function of
thermal properties of the material may be defined. temperature difference across the specimens. For the purposes

A1.5.7.3 If the minimum thickness for which the thermal Of this test method, the above checks, if performed at typical
conductivity and resistivity can be defined is not known, it isoperating temperature differences, shall be adequate to indicate
necessary to estimate this thickness. the degree of thickness dependence.

A1.5.7.4 In the absence of an established method, the Al.5.8 Method of Determining Dependence on Temperature
procedure outlined below may be used to approximate th®ifference—If the temperature-difference dependence of the

thickness and whether it occurs in the range of thickness if'€rmal properties is not known for a material, a minimum of
which a material is likely to be used. three measurements shall be made. These are made with widely

AL5.7.5 It is important to differentiate between addegdiffering temperature differences. A second-order dependence

thermal resistance in measurements caused by the placementf? P& riyealekd by these measulrements. When a simplﬁ linear
the temperature sensors below the surfaces of the plates, add& tionship Is known to occur, only two measurements, that s,
resistance caused by poor specimen surfaces, and add Qe extra, need b_e made. This establishes the linear depen-
resistance caused by the coupling of the conduction an ence for that _part|cular.s?mple. hould b ised with
radiation modes of heat transfer in the specimens. All three can A1-2-9 Warping—Special care should be exercised wit

affect the measurements in the same way, and often the thré8€Cimens with large coefficients of thermal expansion that
may be additive. warp excessively when subjected to a temperature gradient.

A1.5.7.6 Select a sample uniform in density distribution,The warping may damage the apparatus or may cause addi-

with the thicknessLe, equal to the greatest thickness of thetlonal contact resistance that may lead to serious errors in the

material to be characterized or equal to the maximum a”OW_measurement. Specially designed apparatus may be necessary

able thickness for the test apparatus. to measure such materials.

A1.5.7.7 Cut five sets of specimens in approximately equal A1.6 Measurement UncertaintyThe uncertainty of the
increments from the sample ranging in thickness from theapparatus is based upon consideration of the random and
smallest likely to be used in practice. The set of specimensystematic components of the following measurement uncer-
shall be designated, to s5 according to their respective tainties (32). uncertainty in heat flow,Q; uncertainty in
thicknessL; to Ls. temperature differencd, = (T, — T); uncertainty in metered

A1.5.7.8 For low density materials where heat is transferred@rea,A; and, uncertainty in specimen thickneks,
by radiation and conduction mechanisms and where the ab- A1.6.1 Other specimen characterization and test condition
sence of convection has been verified, the slope of a plot aiata may need to be reported. The precision and bias of these
thermal resistance versus thickness will very frequently dimingata are to be reported to the extent they have a direct bearing
ish up to 1 to 2 cm and then will remain constant as thepn the accuracy of the results. Prescribed precision and bias of
thickness increases. The reciprocal of this constant slope is thRe primary data are not mandated by this test method.
thermal conductivity to be assigned to high thickness specitowever, it is required that the user assess and report the
mens. precision and bias of the data. The discussion below provides

A1.5.7.9 Measure the thickness and thermal resistansg of guidelines to assist the user in performing this uncertainty
S3, andsg at the same mean temperature and with the samgssessment. A variety of helpful performance checks are
temperature difference across the specimen. Plot the thermicluded in this discussion. In the following discussion both
resistance versus thickness. If these three values differ from@andom and systematic errors are considered. The subgsript
straight line relationship by less than 1 %, the slope of the used to denote systematic, and the subsgriptused for the
straight line shall be computed. If the three values differ byrandom components.
more than 1 %, then similar measurements shall be made on A1.6.1.1 Systematic Error,—Systematic errors, is any
2ands, to check if there is a thickness above which the thermatomponent of error that remains fixed during the runs that
resistance does not differ from a straight line by more than 1 %gonstitute a successful test. To simplify the discussion, this

A1.5.7.10 If this thickness exists, the slope of the straightdoes not include any components of error that are known both
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in magnitude and sign. Under such circumstances, the useéest temperature. To determine the sensitivity of this error to
should make appropriate corrections to the conductivity meatest conditions, the user should determine the heat flux as a
surements and supply the justification for them. The user mafunction of secondary guard temperature. This dependence
check for the presence of unexpected errors by using eay change appreciably with specimen and apparatus charac-
reference specimen or transfer standard available from appreeristics and, therefore, should be done under typical test
priate sources. If errors are discovered, their source should lmnditions.
identified and removed. A guarded hot plate cannot be cali- A1.7.3 Gap Heat Loss- Gap heat loss is considered to be
brated. The task of estimating the remaining systematic errorsomposed of both systemati@,,, and random,Q ,, com-
is based on judgment and experience, including an awarenepsnents. The systematic component can be, in part, due to the
of the results of interlaboratory comparisons. The implicationgact that there may be a finite number of locations along the gap
of such estimates is often that they are the maximum possiblgt which the imbalance is measured; reducing the temperature
systematic errors. In this event the total maximum systematidifference between a finite number of points on opposite sides
error is the sum of the errors. It is, however, more likely thatof the gap to zero may not necessarily ensure that there is zero
these estimates are probabilistic in nature and do not, in fachet flow of heat across the gap. Improper position of the
represent the worst possible case. The total probable systemagiensors will lead to systematic error. Spurious emfs within the
errors are summed in the same manner as random errors, ttgtcuitry will result in a systematic imbalance. The random
is, the square root of the sum of squares. In the followingcomponent is due to short-term control fluctuations. After
discussion the latter approach is taken. However, the user musstimating the probable imbalance across the gap in terms of
decide if the bias estimates are worst cases or probabilistic itemperature (or sensor voltage) one needs to determine the
nature, and sum them accordingly. effect of this imbalance on the measured heat flow through the
Al.6.1.2 Random Error,—Random error, is that compo- metered area. This can be done by measuring the dependence
nent of error that may vary both in sign or magnitude duringof metered area power on intentionally introduced gap imbal-
the runs that constitute a successful test. For simplicity, it imnce. A typical way of addressing this is to run three tests, one
assumed that the variations are normally distributed andvith the guard balanced and one each biased positive and
conventional statistical techniques are applicable. An estimateegative. The results are plotted, lambda versus gap balance,
of random error components can be obtained by repeaind the zero intercept is determined. The imbalance introduced
measurements of each variable. should be large enough to yield an easily measured change in
Al1.6.1.3 Itis important to distinguish between random andQ, but small enough to remain in the region where the
systematic errors for the following reason. The results reportedependence of upon imbalance is approximately linear.
in the test method are mean values derived from more than a A1.7.3.1 It has been found thé3,15,16)the gap heat loss,
single run. The uncertainties reported generally apply to thes@_ is linearly dependent on temperature unbalance across the
mean values. The uncertainty of a mean value due to thgap,Tg, that is,Qy, = BT 4. The proportionality constanR, is
random error component decreases approximately am 1/ dependent on the wires crossing the gap (number, size, and
wheren is the number of repeat runs. In contrast to this, thetype), gap geometry (width and cross-sectional shape), the gap
uncertainty of the mean value due to the systematic errofill material (gas, insulation), the emittance of the gap surfaces
component does not decrease with repeat runs. Thus, it ind the material in the vicinity of the gap between the hot and
recommended that the error components be treated separatelgld plates. A reasonable approximation of this heat flow can
The total uncertainty is expressed by reporting both compobe calculated from this information. It is recommended that
nents separately. this be done to confirm the value measured by the procedure

Al.7 Error Components-In the following sections, the described ']2 the pfrewc')fus ?arﬁlgraph. q
error components of each reported variable are discussed. The/*+: /-4 Effect of Drift of the Metered Area Heate

total random or systematic uncertainty for each variable i{lUasi-néat loss exists due to the changing heat content of the
taken to be the square root of the sum of squares. metered area heater as its temperature changes. Typical plates

. . have a relatively high heat capacity and even for small drift
Al.7.1 Heat Flow, Q— The objective of the test method iS a5 can produce significant errors in measured heat flow. If

to establish and measure uniaxial heat flow through the,q yift is monotonic, the error is systemati€; if not, the
metered area of the specimen. Any deviation from this objecg ¢ is exhibited as random erro® .. Normally, the experi-
tive represents error in the reported heat flow. The followingyent js conducted so that there is no observable drift. Under
sources of error should be considered: this circumstance, the possible drift is determined by the

Al.7.2 Edge Heat Loss,Q,s—Edge heat l0ss; Qs iS @ getectability or control limitdT/ dt, of the system. One can
systematic error as the conditions surrounding the plateéompute the magnitude of this erra@y in watts, from a

specimen stack remain constant throughout the test proced”rlfhowledge of the maximum possibleT/dt and the specific

Although tests have been reported that shed some light on thg,otq and masses of the various components of the metered
magnitude of this error, the results generally are not proven tQqction of the plate as follows:

the point where corrections based on these results are univer-

sally acceptedl,4,6,7,18-22) However, the results are con- Qq = dT/dt GiM; (AL1)
sidered sufficiently valid for the basis of defining the maximum The specimen heat capacity also contributes to the drift error,
specimen thickness. The optimum environmental temperatureut for low-density insulations the heat capacity of the speci-
to minimize this error is a small fraction df above the mean men is small compared to the plate. This error also can be
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determined by measuring the dependence of drift rate onouple and place it between the specimen and plate in question.
measured heater power. Comparison of the calculated ariestablish steady-state at the desired test condition. Determine
measured results is advised to increase confidence in thbe variation in temperature across the plate from the multi-
reported result. junction thermocouple outputs.

Al1.7.5 Power determination error, Composed of both sys- Al76.4 A hE|pr| technique to estimate interface tempera-
tematic,Q, and random,Q,, components. With high quality ture errors is to mount sensors both within the plate and within
instrumentation these errors can be reduced to an insignificaffte specimen surface. Then perform a test and calculate the
level. The manufacturers’ specifications on bias and precisioflifference between the two sets of data. -
will normally suffice to define these errors. Al1.7.6.5 Temperature difference error is also composed of

A1.7.6 Temperature and Temperature Difference systematic,.T, and random componentgl. Care must be

Temperature error is composed of systemalicand random, exercised in estimating these components compared to the
T, components. In addition, these errors are further subdivide®/TOr components for temperature itself. The results can depend
according to the source of the error: strongly on whether a differential measurement or two absolute
A1.7.6.1 Calibration error,T ., is entirely systematic as measurements are performed. Becalige frequently small,
.7.6. o7 o

AN : large percentage errors can occur if care is not observed. For
long as the same calibration is used. It is, however, no X
exgmple, at a mean specimen temperature of 300 K, an error of

necessarily the same for_ eac_h temperature sensor. In the as& 0% in the mean temperature, that corresponds to an error of
thermocouples, calibration is frequently performed for each

spool of wire. not for each piece of wire from that spool about 0.2% in thermal resistance for typical insulations.
P ' o P POOL. However, this same errof @ K in measurement of a specimen

Therefore, systematic d|fr(a_renges can occur as one progresst%srnperature difference of 25 K corresponds to a 4 % error in

through the spool. The calibration is frequently represented bE

. ) ) . ..~ pothT and in the value of the thermal resistance, independent
an equation which approximates the experimental calibration . i .
. of the mean temperature. The ad hoc experiment described in

data taken at selected temperatures. If a digital read-out deV|Q3(e5 13 is recommended to provide estimates of these error
is used that yields temperature directly, the calibration formu-__"""" P

lation is built into the device and the same basis for error exists(?o';nlpgnfrg;'ecimen thickness errgt, and meter area error
Al.7.6.2 Instrumentation measurement errop, occurs , are both systematic errors. The specimen thickness error is
when thg sensor output is measured. This error contains bofstermined by the ability to measure the plate spacing (includ-
systematic and random components. Each component shouylgy \ariations of this thickness over the metered area) or, in the
be estimated from equipment manufacturer’s specifications and ce of rigid specimens, the specimen thickness and the
from estimated s.purious circuit effects. In addition, tempera-changes due to thermal expansion. The effect of bowing or
ture errors are introduced by long and short-term controly,rhing at operating temperatures should be given attention.
fluctuations. A helpful procedure to assess the magnitude of; re|atively large thicknesses (above 5 cm) this error can be
these errors is as follows. Place the guarded metered area intained below 0.5 %. At small thicknesses (below 0.5 cm)
primary guard(s) in thermal contact with the adjacent coldiis error may become a dominating factor in the overall
plates (insert high conductance plates in place of the specimeng.c;racy. The meter area error is usually small except for the
if the plates cannot be placed physically together). Adjust the,ssmption about what proportion of the gap area to include.
cold plates to the desired temperature; control this temperaturghis error is difficult to estimate for very thin specimens or
until steady-state is reached. The metered area heater should\pgen a discontinuity in the specimen occurs at the gap. The

off. Periodically _reac_j the isothermal surface temperatures t@pecimen thickness error will contain a random component,
detect systematic differences and random variations over e to assembly and disassembly.

extended time.

Al1.7.6.3 Sensor positioning, a potentially significant source
of error in temperature measurement can be caused by i
proper positioning of the sensor or the disturbance caused b ; .
the presence of or finite size of the sensor itself. It is intende ay .be calculated from the following error propagation for-
that the average temperature of each specimen surface Héma'
measured. If the sensor is mounted in the plate surface, thermal (ACIC)? = (AQIQ)? + (ATIT)? (AL.2)

contact resistance between the plate and specimen is a SourCgyhereQ/Q andT/T are the total relative uncertainties of heat

of error. If the sensor is mounted in the specimen surfacey,y and temperature difference, respectively. The same equa-
sensor separation (specimen thickness) is a source of error.|b applies to thermal resistance. Included in the total relative
the specimen is inhomogeneous across the metered argpcertainties are those due to the measurement as well as those
surface temperature variations exist and the indicated tempergiscussed in Practice C 1045. For example for fibrous glass
ture will depend on its location on the surface. If heat flowsjnsylation at 24°C mean temperature and a 40°F temperature

along the sensor leads from the external environment, thgifference across the specimen the following errors can be
measured temperature will be in error because of the presengggjized:

of the sensor. For a single test on a given specimen, this source , ) )

of error, T, is systematic. A performance check that is helpful (AC/C)"=(0.597+(0.29" = 0.31 (AL.3)

to determine the potential temperature error due to temperature Therefore, the uncertainty in thermal conductance would be
nonuniformity is as follows: Assemble a multijunction thermo-+/ 0.31 =0.56 %.

Al1.8 Thermal Conductance or Thermal Resistandehe
elative uncertainty in thermal conductandg, caused by
jther random errors or systematic errors of indeterminate sign,
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Al1.9 Thermal Conductivity or Thermal ResistiviThe  mean temperature and a 22°C temperature difference across the
relative uncertainty in thermal conductivity caused by eitherspecimen the following errors can be realized.
random or systematic errors may be calculated from the

AN 2
following error propagation formula: <T ) =(0.5%+ (0.25% + (0.00? + (0.1>=0.32 (Al.5)
<% )2 = (AQIQ)2 + (AT/T)? + (AANA) 2 + (AL/L)?  (A1.4) Therefore, the uncertainty in thermal conductivity would be

. L 1/0.32 =0.57 %.
whereA/AandL/L are the total relative uncertainties of area

and thi(_:kr_1es§, respectively. Again, the above total relative A1.10 Itis recommended that the user periodically confirm
uncertainties include not only the measurement uncertainty, b%ese calculated uncertainties by measuring specimens of

also the effect of material variability and deviations from the . : .
definitions as discussed in Practice C 1045. In addition i{estaphshed standarql reference materials or calibrated t_ransfer
' ecimens. Comparison of the measurement results with the

should be noted that the temperature to which each measurétl

property is assigned also contains a measurement error thagcePted values will reveal whether the performance of the

affects the uncertainty of the final result. The effect of this erroidtuarded hot plate is of acceptable quality. The results of such

increases as the temperature dependence of the measuf@inparative measurements are not to be used to obtain an
property increases. apparatus “calibration” or “correction” factor. For further

A1.9.1 For example for fibrous glass insulation at 24°cinformation on this see Ref@3-29)
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