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Foreword

ISO (the Interpational Organization for Standardization) is a worldwide
federation of rnational standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for
which a technjcal committee has been established has the right to be
represented gn that committee. International organizations, govern-
mental and ndn-governmental, in liaison with ISO, also take part in the
work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

Draft Internatipnal Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an Interna-
tional Standard requires approval by at least 75 % of the member bodies
casting a vote

International Standard ISO 8302 was prepared by Technical Cormimittee
ISO/TC 163, THermal insulation.

Annex A formg an integral part of this International Standard. Annexes
B, C and D arqg for information only.

iv
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Introduction

0.1 Document subdivision

representing
ed to use the

This International Standard is divided into three.sections,
the most comprehensive assemblage of information requir,
guarded hot plate apparatus, i.e.

Section 1: General considerations

Section 2: Apparatus and erroy evaluation

Section 3: Test procedures

While the user of the methed specified in this International
test purposes may need>to concentrate only on section 3,
be familiar with the other two sections in order to oblain
sults. He must beparticularly knowledgeable about the
quirements. Section 2 is directed towards the designer of th
but he also, in exder to provide good apparatus, must be co
the other sections of this method. Thus, the method will g

Standard for
he must also
accurate re-
general re-
e apparatus,
ncerned with
erve its pur-

pose welkh

0.2- Heat transfer and measured properties

A’ large proportion of thermal testing is undertaken on [light density
porous materials. In such cases, the actual heat transfer within them can
involve a complex combination of different contributions of

radiation;

— conduction both in the solid and gas phase; and

— convection (in some operating conditions);

plus their interactions together with mass transfer, especjally in moist
materials. For such materials, the heat transfer property, very often

wrongly called “thermal conductivity”, calculated from a defined formula
and the results of measurements of heat flow-rate, temperature differ-
ence and dimensions, for a specimen may be not an intrinsic property
of the material itself. This property, in accordance with ISO 9288, should
therefore be called “transfer factor” as it may depend on the test con-
ditions (the transfer factor is often referred to elsewhere as apparent or
effective thermal conductivity). Transfer factor may have a significant
dependence on the thickness of the specimen and/or on the temper-
ature difference for the same mean test temperature.

Heat transfer by radiation is the first source of dependence of transfer
factor on specimen thickness. As a consequence, not only material
properties influence results, but also the radiative characteristics of the
surfaces adjoining those of the specimen. Heat transfer by radiation also
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contributes to the dependence of transfer factor on temperature differ-
ences. This dependence can be experimentally detected for each type
of material and for each mean test temperature when the temperature
difference exceeds defined limits. Thermal resistance is therefore the
property that better describes the thermal behaviour of the specimen,
provided it is accompanied by information on the radiative character-
istics of the adjoining surfaces. If there is the possibility of the onset of
convection within the specimen (e.g. in light mineral wool for low tem-
peratures), the apparatus orientation, the thickness and the temperature
difference can influence both the transfer factor and the thermal resist-
ance. In such cases, as a minimum it is required to fully specify the
geometry and the boundary conditions of the specimen tested, even

though inform res _does not
cover these test conditions in detail. In addition, it will take considerable
knowledge to ¢valuate the measurement, as such, especially when ap-
plying the medsured values in practice.

The influence ¢f moisture within a specimen on the heat transfer during
a measuremert is also a very complex matter. Therefore, dried speci-
mens only shajll be tested according to standard procedures. Measure-
ments on moist materials need additional precautions not covered in
detail in this International Standard.

The knowledg¢ of the physical principles mentioned is also extremely
important when a heat transfer property, determined by this test
method, is us€d to predict the thermal behaviour of a specific material
in a practical application even though other factors such as workman-
ship can influepce this behaviour.

0.3 Background required

The design angl subsequent correct operation of a guarded hot plate to
obtain correct [results and the interpretation of experimental results is
a complex subject requiring great care. It is recommended that the de-
signer, operatqr and the user of measured data of.the guarded hot plate
should have thorough background of knowledge of heat transfer
mechanism in|the materials, products and, systems being evaluated,
coupled with gxperience of electrical andtemperature measurements,
particularly at low signal levels. Good laboratory practice in accordance
with general test procedures should alse’be maintained.

The in-depth knowledge in each afea mentioned may be different for the
designer, operator and data usér:

0.4 Design, $ize and national standards

Many different |[designs: of guarded hot plate apparatus exist worldwide
which conform|to’present national standards. Continuing research and
development ig in_progress to improve the apparatus and measurement

techniques. Thus, it is not practical to mandate a specific design or size
of apparatus, especially as total requirements may vary quite widely.

0.5 Guidelines supplied

Considerable latitude both in the temperature range and in the geo-
metry of the apparatus is given to the designer of new equipment since
various forms have been found to give comparable results. It is recom-
mended that designers of new apparatus read the comprehensive liter-
ature cited in annex D carefully. After completion of new apparatus, it
is recommended that it be verified by undertaking tests on one or more
of the various reference materials of different thermal resistance levels
available.

vi
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This International Standard outiines just the mandatory requirements
necessary to design and operate a guarded hot plate in order to provide
correct results.

Limit values for the apparatus performance and testing conditions stated
in this International Standard are given in annex A.

This International Standard also includes recommended procedures and
practices plus suggested specimen dimensions which together should

hance geher I mes t 1 1 d Ped fm fra i fedo
ennance generar measurement /eveis and assist in impiroving inweir-

laboratory comparisons and collaborative measurement programmes.

vii
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INTERNATIONAL STANDARD

ISO

8302:1991(E)

Thermal insulation — Determination of steady-state thermal
resistance and related properties — Guarded hot plate

apparatus

11 Scape

This International Standard lays down a test method
which defines the use of the guarded hot plate
method tq measure the steady-state heat transfer
through flat slab specimens and the calculation of its
heat transfer properties.

This is an|absolute or primary method of measure-
ment of hpat transfer properties, since only meas-
urements | of length, temperature and electrical
power are| required.

Reports cpnforming to this standard,“test method
shall nevgr refer to specimens withythermal resist-

ance lowefr than 0,1 m2-K/W provided that thickness
limits giveln in 1.7.4 are not exeeeded.
The limit for thermal reSistance may be as low as

0,02 m2-K/W but the aceliracy stated in 1.5.3 may not
be achieve¢d over the full range.

If the spe¢imens-~satisfy only the requirements out-

lined in 1.E.1 ,the resultant properties shall be de-
scribed a rmal

Section 1:

General

1.2 Normative references

The following standards contain pro
through’ reference in this text, constit
of this International Standard. At the
cation, the editions indicated were v
dards are subject to revision, an
agreements based on this Internatig
are encouraged to investigate the pos
plying the most recent editions of the
dicated below. Members of IEC and

isions which,
ite provisions
time of publi-
alid. All stan-
d parties to
nal Standard
ssibility of ap-
standards in-
ISO maintain

registers of currently valid International Standards.

1ISO 7345:1987, Thermal insulation — H
tities and definitions.

ISO 9229:—", Thermal insulation — N
ducts and systems — Vocabulary.

1SO 9251:1987, Thermal insulation —
conditions and properties of
Vocabulary.

ISO 9288:1989, Thermal insulation — H
radiation — Physical quantities and de

Physical quan-

laterials, pro-

Heat transfer
materials —

pat transfer by
initions.

resistance or transfer factor of the specimen.

If the specimens satisfy the requirements of 1.8.2,
the resultant property may be described as the
mean measurable thermal conductivity of the speci-
men being evaluated.

If the specimens satisfy the requirements of 1.8.3,
the resultant property may be described as the
thermal conductivity or transmissivity of the material
being evaluated.

1) To be published.

1SO 9346:1987, Thermal insulation —
— Physical quantities and definitions.

1.3 Definitions

For the purposes of this International
following definitions apply.

The following quantities are defined i
in ISO 9251:

Mass transfer

Standard, the

n ISO 7345 or
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Quantity Symbol Units
Heat flow-rate 0 w
Density of heat flow-rate q W/m?2
Thermal resistance") R m2 -K/W
Thermal conductance A W/(m?2 -K)
Thermal conductivity?) A W/(m-K)
Thermal resistivity r m-K/W
Porosity 14
Local porosity ¢,

edges perpendicular to the faces, that is made of a
material thermally homogeneous, isotropic (or
anisotropic with a symmetry axis perpendicular to
the faces), stable only within the precision of a
measurement and the time required to execute it,

=3
and with thermal conductivity 2 or [1] constant or a
linear function of temperature.

1.3.5 transfer factor of a specimen: Is defined by

d
T =25 = L wmk)

1) In some cdses it may be necessary to consider
also the tempgrature difference divided by the heat
flow-rate; no sgecial symbol is assigned to this quan-
tity, sometimeq also called resistance.

2) In the most|general case (7 and grad 7 do not have

3
the same orienlation (4 is not defined through a single
constant A but|through a matrix of constants); more-
over conductiVlity changes while changing position
within the body, while changing the temperature and
changes with time.

The following definitions related to material proper-
ties are given in 1SO 9251:

porous med{um

homogeneofis medium
homogeneolis porous medium
heterogenequs medium
isotropic medium

anisotropic medium

stable medigm

Other terms nol defined in ISO 7345 or ISO 9251:
1.3.1 thermally homogeneous medium: Is one in

=3
which thermal gonductivity [1] is notya function of

the position within the medium but-may be a func-
tion of direction| time and temperature.

1.3.2 thermally|isotropic medium: Is one in which

=3
thermal conducfivity [ AJNS not a function of direction
but may be a fupction/of the position with the

medium, of tim
fined through a single value 1 in each point).

1.3.3 thermally stable medium: Is one in which

=3
thermal conductivity 4 or [1] is not a function of
time, but may be a function of the co-ordinates, of
the temperature and, when applicable, of the direc-
tion.

1.3.4 mean thermal conductivity of a specimen: |s
the property defined in steady-state conditions in a
body that has the form of a slab bounded by two
parallel, flat isothermal faces and by adiabatic

It depends on experimental conditionsCand charac-
terizes a specimen in relation with the cpombined
conduction and radiation heat transfer. It|is often
referred to elsewhere as measuyred, equivdlent, ap-
parent or effective thermal conductivity of|[a speci-
men.

1.3.6 thermal transmissivity of a material: I$ defined
by
Ad

"=AR

W7(m*K)

when Ad/AR’is independent of the thicknesls d. It is
independent of experimental conditions and charac-
terizesvan insulating material in relation with com-
biped" conduction and radiation.  [Thermal
transmissivity can be seen as the limit redched by
the transfer factor in thick layers where cpmbined
conduction and radiation heat transfer takgs place.
It is often referred to elsewhere as equivajent, ap-
parent or effective thermal conductivily of a
material.

1.3.7 steady-state heat transfer property: (Generic
term to identify one of the following properties:
thermal resistance, transfer factor, thermal|conduc-
tivity, thermal resistivity, thermal transmissivity,
thermal conductance, mean thermal condudgtivity.

1.3.8 room temperature: Generic term to identify a
mean test temperature of a measurement sjuch that
a man in a room would regard it comfortable if it
were the temperature of that room.

-3, T identify
the temperature in the vicinity of the edge of the
specimen or in the vicinity of the whole apparatus.
This temperature is the temperature within the cab-
inet where the apparatus is enclosed or that of the
laboratory for non-enclosed apparatus.

1.3.10 operator: Person responsible for carrying
out the test and for the presentation through a report
of the measured results.

1.3.11 data user: Person involved in the application
and interpretation of measured results to judge
material or system performance.


https://standardsiso.com/api/?name=a11d57d39683f0897807ed89691a38bf

ISO 8302:1991(E)

1.3.12 designer: Person who develops the tus in assigned test conditions and who identifies
constructional details of an apparatus in order to test procedures to verify the predicted apparatus
meet predefined performance limits for the appara- accuracy.

1.4 Symbols and units

Symbol Dimension Unit
A Metering area measured on a selected isothermal surface m?2
A, Area of the gap m?2
Am Area of the metering section m?2
b Guard-width—starting-from—the-gap-—centre-line m
c Imbalance coefficient m
[ Specific heat capacity of the plate JI(kg-K)
Cs Specific heat capacity of the specimen J/(kg'K)
d Average thickness of a specimen : m

dy \d,, ..., ds Thicknesses of specimens designated s, , 5, , ..., 55 m
d, Metal plate thickness m
Edge number —
Ep Error in the metering area value -
E, Error in the thickness value —
FE, Error due to edge heat losses —
Ee Error in the electrical power value -
E, Error due to imbalance -
E, Error due to non-symmetrical conditions —
E; Error in the temperature difference —
E, Error in the heat flow-rate -
g Gap width m
hy Density of heat flow-tate per unit temperature difference W/(m2 -K)
2/ Side length of the_metering section from gap centre to gap centre m
m, Relative mass change after conditioning —
my Relative mass change due to a conditioning after drying —
m, Relative_mass change after drying —
m,, Relative mass change after test -
M, Mass as received kg
M, Mass after drying kg
M, Mass after conditioning kg
M, Mass after test kg
My Mass before test kg
P Perimeter m
—q—————————Pensityof-heat-flow-rate W/m?2
9. Edge density of heat flow-rate W/m?2
r Thermal resistivity m-K/W
R Thermal resistance m2 -K/W
R, Thermal resistance of edge insulation m2 -K/W
t Time s
,7 Transfer factor W/(m-K)
T, Temperature of the warm surface of the specimen K
T, Temperature of the cold surface of the specimen K
T, Ambient temperature (temperature in the vicinity of the specimen) K
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Symbol Dimension Unit
T, Temperature on the edge of the specimen K
T Mean temperature (usually (7% + 75 }/2) K
14 Volume m3
y Heating unit thickness m
Z, Error parameter for the edge configuration —
Z, Error parameter for the surrounding temperature -
Z, Error parameter for imbalance —
Ad Increment of thickness m
AR increment of thermai resistance m2 KW
AT Temperature difference (usually T, — 15 )
AT, Temperature difference through the gap
At Time interval
A a7 Increment of transfer factor W/ K)
€ Emissivity W/(m-K)
A Thermai conductivity W/ K)
Aq Thermal conductivity of a material facing the gap W/(np-K)
Ay Thermal transmissivity W/(np-K)
A Thermal conductance W/(mp -K)
¢ Porosity —
¢ Local porosity
P Heat flow-rate W
P, Heat flow-rate due to edge heat losses W
D, Heat flow-rate on the edge W
D, Heat flow-rate due to imbalance W
Py Heat flow-rate in a test W
D, Heat flow-rate through the wires W
D, Gap heat flow-rate per‘unit temperature imbalance WK
6y Density of the dry._specimen kg/n3
Pp Density of the.plate kg/£3
Ps Density of the-specimen after conditioning kg/in3
o, Stefan-Boltzmann constant 5,67 W/(n2 -K4)
1.5 Significance It must be recognized, therefore, that the delection
of a typical value of heat transfer properties repre-
properties and will not necessarily apply without modification
to all service conditions
The heat transfer properties of a specimen ol mat-

erial may

— vary due to variability of composition of the mat-
erial or samples of it;

— be affected by moisture or other factors;
— change with time;
— change with mean temperature; and

— depend upon the thermal history.

As an example, this method provides that the heat
transfer properties should be obtained on dried

specimens, although in service such conditio
nol be realized.

Even more basic is dependence of the heat t
properties on variables such as mean temp

ns may

ransfer
erature

and the temperature difference. These dependen-
cies should be measured or the tests made under

conditions typical of use.
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1.5.2 Sampling

Heat transfer properties need an adequate amount
of test information to be considered representative
of a material. A heat transfer property of a material
can be determined by a single measurement only if
the sample is typical of the material and the
specimen(s) is (are) typical of the sample. The pro-
cedure for selecting the sample should normally be
specified in the material specification. The selection
of the specimen from the sample may be partly
specified in the material specification. As sampling
is beyond the scope of this test method, when the

1ISO 8302:1991(E)

slab(s) having flat parallel faces, a unidirectional
uniform density of heat flow-rate at steady-state
conditions as the one that would exist in an infinite
slab bounded by two flat parallel isothermal sur-

faces.

1.6.2 Apparatus types

From this basic principle were derived
guarded hot plate apparatus:

two types of

a) with two specimens (and a central heating unit);

problem islnot covered by a material specification,
appropriat¢ documents shall be considered.

1.5.3 Acguracy and reproducibility

The evaluation of the accuracy of the method is
complex and is a function of the apparatus design,
of the reldted instrumentation and of the type of
specimen |under test. However, apparatus con-
structed aEd operated in accordance with this

method is ¢apable of measuring heat transfer prop-
erties accyrate to within + 2 % when the mean
temperature of the test is near the room temper-
ature.

With adeqyate precautions in the design of the ap-
paratus, and after extensive checking and cross-
referencing of measurements with other similar
apparatus, |an accuracy of about + 5 % should be
obtainable |[anywhere in the full operating range ‘of
an apparatus. Such accuracy is normally easigr:to
attain using separate apparatus for the extremes in
the range. [The reproducibility of subsequent‘meas-
urements made by the apparatus on_a specimen
maintained| within the apparatus without changes in
test conditlons is normally much better than 1 %.
When meagsurements are madeson.the same refer-
ence specimen removed andCthen mounted again
after long| time intervals, . the reproducibility of
measurements is normally \better than + 1 %. This
larger figurle is due to minor changes in test condi-
tions, such as the pressure of the plates on the
specimen (lhat affect.contact resistances), the rela-
tive humidity ofsthe air around the specimen (that
affects its moisture contents), etc.

tify errors in the method and is desirable in quality
control applications.

1.6 Principle

1.6.1 Apparatus principle

The guarded hot plate apparatus is intended to es-
tablish within specimen(s), in the form of uniform

b) with a single specimen.

1.6.2.1 Two-specimen apparatus

In the two specimen apparatus [see
central round or square flat plate asse
ing of a heater and ‘'metal surface plat
the heating unit iscsandwiched betwee
identical specimens. The heat flow-r
ferred through'the specimens to sepa
square isothetmal flat assemblies calle
units.

1.6.2.2 Single-specimen apparatus

In the single specimen apparatus [se
the second specimen is replaced by a
of a piece of insulation and a guard

temperature-difference is then establ

figure 1a)], a
mbly consist-
s and called
n two nearly
ate is trans-
ate round or
d the cooling

e figure 1b)],
combination
blate. A zero
shed across

this combination. Providing all other dpplicable re-
quirements of this Internation Standard are fulfilled,

accurate measurements and reporting

according to

this method may be accomplished with this type of

apparatus, but particular reference to
tion of the normal hot plate appara

the modifica-
us with two

specimens should be made in the report.

1.6.3 Heating and cooling units

The heating unit consists of a separ|

ate metering

section, where the unidirectional unifdrm and con-
stant density of heat flow-rate can be| established,

surrounded by a guard section separa

ed by a nar-

t of a contin-

uous ﬂat. plate assembly but it is preferable to have
them in a similar form to the heating unit.

1.6.4 Edge insulation and auxiliary guarded

sections

Additional edge insulation and/or auxiliary guard
sections are required, especially when operating
above or below room temperature.
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Heatirlg unit surface thermocouples
Cooling unit surface thermocouples
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Guard plate differential thermocouples
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Figure 1 — General features of two-specimen and single-specimen guarded hot plate apparatus
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1.6.5 Definition of the guarded hot plate
apparatus

The term “guarded hot plate” applies to the entire
assembled apparatus, that, hence, is called
“guarded hot plate apparatus”. The general features
of the apparatus with specimens installed are shown
in figure 1.

1.6.6 Measuring the density of heat flow-rate

ISO 8302:1991(E)

1.7 Limitations due to apparatus

1.7.1 Limitations due to contact resistances

When testing a specimen of high thermal
conductance and rigid (i.e. specimens of a material
too hard and unyielding to be appreciably altered in
shape by the pressure of the heating and cooling
units), even small non-uniformities of the surface of
both specimen and the apparatus (surfaces not per-
fectly flat) will allow contact resistances not uni-
formly distributed between the specimens and the

With the e i = i meter-
ing section, the density of heat flow-rate, ¢q, is de-
termined from measurement of the heat-flow-rate,

@, and thel metering area, A4, that @ crosses.

1.6.7 Measuring the temperature difference

The temperature difference across the specimen,
AT, is megsured by temperature sensors fixed at the
surfaces qf the metal plates and/or those of the
specimens where appropriate.

1.6.8 Measuring the thermal resistance or
transfer factor

The thermal resistance, R, is calculated from a
knowledge| of ¢, 4 and AT if the appropriate condi-
tions givern in 1.8.1 are realized. If the thickness, d;
of the spe¢imen is measured, the transfer factor,

y, may ble computed.

1.6.9 Computing thermal conductiyity

The mean|thermal conductivity; 1°of the specimen
may also he computed if the appropriate conditions
given in 1)8.2 are realizedCand the thickness, d, of
the specimen is measured.

1.6.10 Apparatus limits

plates of the heating and of the cooling units.

These will cause non-uniform heat flow-rate distrib-
ution and thermal field distortions within the speci-
mens; moreover, they willCmdke accurate surface

temperature measurements difficult
For specimens having-thermal resistarn
0,1 m2-K/W, special-teehniques for m
face temperatures will be required. M
should be machined or cut flat and
stress-relieved.

1.7.2 Upper limits for the thermal

Thellupper limit of thermal resistancg
measured is limited by the stabilily
supplied to the heating unit, the ability
mentation to measure power level and
the heat losses or gains due to temps
ance errors (analysed later) betwee
metering and guard sections of the sf
of the heating unit.

o undertake.
ces less than
pasuring sur-
etal surfaces
parallel and

resistance

that can be
of the power
of the instru-
the extent of
rature imbal-
h the central
ecimens and

1.7.3 Limits to temperature difference

Provided that uniformity and stability g
ature of the surfaces of the heating an
plates, the noise, resolution and acq
instrumentation and the restrictions on

f the temper-
d cooling unit
uracy of the
temperature

measurements can be maintained within the limits

outlined in sections 2 and 3, temperatu
as low as 5 K, when measured differer

re differences
tially, can be

used in the measurements, provided| the require-

sl s ments described in 2.1.4.1.2 to 2.1.4{1.4 are met.

ngn‘?tpphccit'o?k?f thim‘fir,‘?? 'S‘A"'“",?ﬁ’:nb,{}_“e ‘c“a- Lower temperature differences shall be reported as
p y o TmerTapparatis—io-—maintain —me non-compliance with this International Standard.

unidirectional uniform and constant density of heat
flow-rate in the specimen coupled with the ability to
measure power, temperature and dimensions to the
limit of accuracy required.

1.6.11 Specimen limits

The application of the method is also limited by the
form of the specimen(s) and the degree to which
they are identical in thickness and uniformity of
structure (in the case of two-specimen apparatus)
and whether their surfaces are flat or parallel.

If temperature measurements of each plate are
made by means of thermocouples with independent
reference junctions, the accuracy of the calibration
of each thermocouple may be the limiting factor in
the accuracy of measured temperature differences.
In this case, it is recommended that temperature
differences of at least 10 K to 20 K are used in order
to minimize temperature-difference measurement
errors.

Higher temperature differences are limited only by
the capability of the apparatus to deliver enough
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power while maintaining required temperature uni-
formity.

1.7.4 Maximum specimen thickness

The boundary conditions at the edges of the speci-
mens due to the effects of edge insulation, of auxil-
iary guard heaters and of surrounding ambient
temperature will limit the maximum thickness of
specimen for any one configuration, as described in
section 2 (see also 3.2.1). For inhomogeneous, com-
posite or layered specimens, the mean thermal

1.7.8 Vacuum conditions

Particular care must be taken if a guarded hot plate
apparatus is used for measurements under vacuum
conditions. If a high vacuum is desired, the materials
of the apparatus must be carefully selected to avoid
excessive outgassing. Under vacuum conditions,
especially at lower temperatures, serious errors can
arise if due care is not taken when installing heater
and temperature sensor leads so as to minimize
extraneous heat flow-rates and temperature meas-
urement errors.

conductivity of|each layer should be less than twice
that of any other layer.

This shall be regarded as a rough rule of thumb
asking only fof an estimate made by the operator
that does not rlecessarily imply the measurement of
conductivity of|each layer. it is expected that in this
situation the agccuracy will remain close to the one
predictable fon tests on homogeneous specimens.
No guidelines |[can be supplied to assess measure-
ment accuracy| when this requirement is not met.

1.7.5 Minimyim specimen thickness

The minimum $pecimen thickness is limited by con-
tact resistancgs given in 1.7.1. Where thermal con-
ductivity or | thermal resistivity or thermal
transmissivity [or transfer factor is required, the
minimum specdimen thickness is also limited by the
accuracy of the instrumentation for measuring the
thickness.

1.7.6 Meteripg area definition

Theoretical inyestigations show thatythe metering
area, i.e. the grea of the specimen-traversed by the

heat flow-rate
related to the

ed by the centralmetering section, is
specimen thickness and to the gap

width. As the 1hickness tends-to zero, the metering

area tends to
tion, while for
bounded by th
(2.1.1.3). To a

he area of the central metering sec-
hick specimens the metering area is
e liné defining the centre of the gap
yoid \complex corrections, this defi-

nition can be r

ptained, provided the thickness of the

1.7.9 Apparatus size

The overall size of a guarded hot 'plate gpparatus
will be governed by the specimen dimensigns which
range normally within the limits;of 0,2 m o 1 m di-
ameter or square. Samples smaller than 0,3 m may
not be representative of(the bulk mater|al, while
specimens larger tham0.5 m may create [consider-
able problems in maintaining the flatnegs of the
specimens and /plates, temperature upiformity,
equilibrium timé\and total cost within agceptable
limits.

For ease%“of inter-laboratory comparisong and for
generalZimprovement in collaborative measure-
ments, it is recommended that the design| of future
gudrded hot plate apparatus be based up¢n one of
the following suggested standard dimensigns:

- 0,3 m diameter or square;
-— 0,5 m diameter or square;
and in addition:

— 0,2 m diameter or square if only hompgeneous
materials are tested;

— 1 m diameter or square if specimens are to be

measured at a thickness that exceeds the limits
permitted for an 0,5 m apparatus.

1.8 Limitations due to specimen

1.8.1 Thermal resistance, thermal

specimen is at least ten times the width of the gap.
For some special applications see also 3.1c).

1.7.7 Maximum operating temperature

The maximum operating temperature of the heating
and cooling units may be limited by oxidation, ther-
mal stress or other factors which degrade the
flatness and uniformity of the surface plate and by
changes of electrical resistivity of electrical insu-
lations which may affect accuracy of all electrical
measurements.

conductance or transfer factor

1.8.1.1 Specimen homogeneity

When making measurements of thermal resistance
or thermal conductance in inhomogeneous speci-
mens, the density of heat flow-rate both within the
specimen and over the faces of the metering area
may be neither unidirectional nor uniform. Thermal
field distortions will be present within the specimen
and can give rise to serious errors. The region in the
specimen contiguous to the metering area and es-
pecially near the edges of this area is most critical.
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It is hard to give reliable guidelines on the applica-
bility of the method in such cases. The major risk is
that the imbalance errors, edge heat loss errors,
etc., now unpredictable, can vary in an unpredict-
able way when inhomogeneities take different rela-
tive positions within the specimen. The result is that
all the checks proposed in 3.4 can be affected by
systematic errors masking the true differences re-
lated to the different tests.

In some specimens the variation in structure may
occur over small distances. This is true for many
thermal insulations.

ISO

and systems, a complex dependence

8302:1991(E)

may occur at

temperature differences which are typical of use. In
these cases, it is preferable to use a temperature

difference typical of use and then to

determine an

approximate relationship for a range of temperature
differences. The dependence can be linear for a

wide range of temperature differences

Some specimens, while meeting the

homogeneity

criteria, are anisotropic in that the component of
thermal conductivity measured in a direction paral-
lel to the surfaces is different to that measured in a
direction normal to the surfaces. For such speci-

In other specimens direct thermal short circuits may
exist between the surfaces of the specimens in con-
tact with the plate of the heating and cooling units.
The largept effect occurs when sections of material
which conduct heat readily, with extended surface
area on dach side of the specimen, are connected
by a path |of low thermal resistance relative to other
paths.

1.8.1.2 Temperature-difference correlation

sistance or thermal conductance are of-
ion of temperature differences across the
In the report, the range of temperature
that apply to the reported values of the
two propefties must be defined, or it must be clearly
stated that the reported value was determined at a
single temperature difference.

Thermal
ten a fun
specimen
difference

1.8.2 Mean thermal conductivity of a
specimer

In order tq determine the mean,thermal conductivity
(or thermal transmissivity) rof-—/a specimen (see
1.3.4), the criteria of 1.8 shall be fulfilled. The
specimen [shall be homegeneous or homogeneous
porous as defined {n-1SO 9251. Homogeneous
porous specimens _shall be such that any inhomo-
geneity has dimensions smaller than one-tenth of
the specimen thickness. In addition, at any one
mean temperature, the thermal resistance shall also
be indepdndent of the temperature difference es-

mens, this can result in larger imbalance and edge

loss errors. If the ratio between thes
able values is lower than two, repor]

two measur-
ing according

to this method is still possible if imbalance and edge

heat loss errors are detérmined sgq
anisotropic specimens mounted in the

1.8.3 Thermal‘conductivity, therm

parately with
apparatus.

al

transmissivity 'or thermal resistivily of a

material

1.8.3.1 General

In>order to determine the thermal conductivity or
thermal resistivity of a material, the driteria of 1.8.2

shall be fulfilled. In addition, adeqt

ate sampling

must be performed to ensure that the material is
homogeneous or homogeneous poroup, and that the

measurements are representative

specimens must be greater than that

bf the whole

for which the

material, product or system. The thl:kness of the

transfer factor of the material, prod
does not change by more than 2 % |
crease in thickness.

ct or system
ith further in-

1.8.3.2 Dependence on specimen thidkness

Of the processes involved, only condug
a thermal resistance that is directly p

tion produces
roportional to

the thickness of a specimen. The others result in a

more complex relationship. The thir
dense the material, the more likely t

ner and less
hat the resist-

tablished across the specimen.

The thermal resistance of a material is known to
depend on the relative magnitude of the heat trans-
fer process involved. Heat conduction, radiation and
convection are the primary mechanisms. However,
the mechanisms can combine or couple to produce
non-linear effects that are difficult to analyse or
measure even though the basic mechanisms are
well researched and understood.

The magnitude of all heat transfer processes de-
pends upon the temperature difference established
across the specimen. For many materials, products

ance depends o processes other th

n conduction.

The result is a condition that does not satisfy the
requirements of the definitions for thermal conduc-
tivity and thermal resistivity — both of which are in-
trinsic properties — since the transfer factor shows
a dependence on the specimen thickness. For such
materials, it may be desirable to determine the
thermal resistance at conditions applicable to their

use. There is believed to be a lower

limiting thick-

ness for all materials below which such a depend-
ence occurs. Below this thickness, the specimen
may have unique thermal heat transfer properties,
but not the material. It remains, therefore, to estab-

lish this minimum thickness by measu

rements.
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1.8.3.3 Determination of minimum thickness for
which heat transfer properties of the material may
be defined

If the minimum thickness for which the thermal
transmissivity can be defined is not known, it is
necessary to estimate this thickness.

In the absence of an established method, the some-
what crude procedure outlined in 3.4.2 may be used
for determining the thickness and whether it occurs
in the range of thicknesses in which a material is
likely to be used

surfaces of the plates, added resistance caused by
poor specimen surfaces, and added resistance
caused by the coupling of the conduction and radi-
ation modes of heat transfer in the specimens. All
three can affect the measurements in the same way,
and often the three may be additive.

1.8.4 Warping

Special care should be exercised with specimens
with large coefficients of thermal expansion that
warp excessively when subjected to a temperature

grndinnf. The \A/nrping may dnmngn thea paratus

It is important o differentiate between added ther-
mal resistancel in measurements caused by the
placement of the temperature sensors below the

or may cause additional contact resistance that may
lead to serious errors in the measurement. $pecially
designed apparatus may be necessaty to neasure
such materials.

10
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Section 2:

2.1 Apparatus description and design

requirements

Throughout the majority of this section aparatus re-

nnivina tha 11ea Af o nair nf o ~im i
quiring tne use of a pair i ayuuuuov"ls is d%scnbcd

the requirements that apply to the single-specimen
apparatus can be readily identified.

ISO 8302:1991(E)

Apparatus and error evaluation

The heating unit shall be designed to ensure ade-

quate density of heat flow-rate and sui
terisiics for the intended use.

table charac-

The heating unii shaii

be designed and constructed so that when in oper-
ation, deviations from temperature uniformity for
each face are not greater than 2 % of the temper-

ature difference across the specimen.

For the two-specimen apparatus the tw

o faces of the

2.1.1 Hefting unit

2.1.1.1 Generai description

The heating unit consists of a central metering sec-
tion and a|guard section. The metering section con-
sists of a| metering section heater and metering
section sufface plates. The guard section consists
of one or |/more guard heaters and guard surface
plates. The surface plates are usually made of metal
of high thefmal conductivity.

The working surfaces of the heating unit and cooling
unit plates|shall not chemically react with the spec-
imen and fthe environment, shall be smoothly fin-
ished to donform to a true plane, and should be
checked p¢riodically.

The maximum departure of a surface from a plane
should noff exceed 0,025 % in all operating condi-

tions, i.e. with reference to figure?2, assuminglan
ideal plan¢ to be in contact with the surface.at P,
then at any other point B of the surface thé ratio

metering section and of the guard secj‘on should be

within 02 K of their average temper

o .
for specimens having a thermal resis

than 0,1 m2:K/W and tested at a mean
ature close to room tempetature.

ure, at least

ance greater
alrve 3 wvaLtwil

test temper-

The heating unit shali~also be desigmed and con-

structed so that the fwo’faces do not W
from pianeness ai.ihe operaiing tempe

The surfaces ©f all plates shall have a

arp or depart
ratures.

hd maintain a

total hemispherical emittance greater than 0,8 at the

operating temperatures.

21.1.3 Gap and metering area

The heating unit shall have a definite
gap between the surface plates of the
the guard section. The area of the gag
of the surface plate shall not be morg
the metering section area.

The separation between the heater win
gap between the metering section and
guard section shall be designed so as
heat to the surface plates uniformly ac
temperature uniformity criteria in 2.1.1

The dimension of the metering area s
mined by measurements to the ceniy
that surrounds this area, unless calculz
are used to define the area more g
some special applications, see 3.1 ¢).

separation or
metering and
in the plane
than 5 % of

dings and the
the adjacent
to distribute
rording to the
2.

hall be deter-
e of the gap
tions or tests
recisely. For

7777

ST 7T T 7T 7T

Figure 2 — Surface departure from a true plane

1"
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2.1.1.4 Imbalance through the gap

A suitable means such as a multijunction thermopile
shall be provided to detect the average temperature
imbalance between the surface plates of the meter-
ing and guard sections.

When a temperature imbalance exists between the
metering and guard sections, an amount of heat will
flow between the two elements, partly through the
specimen (heat flow-rate dependent on temperature
imbalance and specimen thermal conductivity) and
partly through the gap itself (heat flow-rate depend-

specimen(s) [see figure4a)], or within grooves in
the metal plates on the side in contact with the
specimen(s), thermal resistances can exist between
the sensor and the metal plates, between the sen-
sors and the surface of the specimen(s), and be-
tween the sensors mounted on the metering section
and those mounted on the guard section. The effect
of thermal resistance between imbalance sensors
and metal plates or specimen(s), as shown in
figure 4a), in principle applies to all these situations.

When the apparatus is in operation, the temperature
of the sensors is due to the combined effect of ther-

ent on temper ; =
rate crossing the gap under thermal imbalance is
the most sevetle limit when measuring high resist-
ance specimengs.

In a square gugrded hot plate apparatus, it is known
that temperatufe imbalance is not perfectly uniform
along the whole¢ gap, though little quantitative infor-
mation is avaijable on this subject. When only a
limited numben of imbalance sensors is used, it is
suggested that|the most representative positions to
detect the average balance will be those at a dis-
tance from the porners of the metering section equal
to one-quarter|of the side of the metering section
along the gap.

The corners anf the axes shall be avoided (see fig-
ure 3 and reference [5]).

2.1.1.5 Imbalance sensors

If the imbalance sensors are installed in supporting
sheets placed |between the metal plates and the

mal balance between the metal plates of.the meter-
ing section and of the guard section\and of the
density of heat flow-rate flowing from the metal
plates to the specimen. Correct balance is [obtained
only if the resistance between the 'metal plates and
the sensors is made negligible-with respﬂizt to the
other resistances mentioned, or when the hieat flow-
rate flowing from the plates’to the specim¢ns does
not cross the sensorsas in figure 4b) or 4c). Similar
considerations are, tfue when the sensorg are in-
stalled between thé metal plates and the ¢lectrical
heaters of the heating unit.

As a resultsthe installation of the sensors in[grooves
in the metal plates either facing the specimens or
the heaters, the use of thin sheets suppofting the
imbalance sensors, or similar solutions, should be
avoided unless a careful experimental and analyt-
ical check under all operating condition$ of the
thermal resistances mentioned has been| carried
out.

[ N ]

X J

Figure 3 — Recommended positions for the imbalance sensors
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The presence of the gap and of the mechanical
connections through it create small temperature
gradients in the metal plates of the heating unit in
contact with the samples, and therefore the imbal-
ance sensors shall be positioned to register the
temperature imbalance existing along the edge of
the gap and not the imbalance existing between
some arbitrary points of the metal plates on the
metering section and on the guard section. It is
suggested that the distance between the gap edge
and the sensor should be smaller than 5 % of the
side or diameter of the metering section.

Since an unce

nection betweep metering section and guard section
should be mafle as small as possible, avoiding
where possibl¢, metal or continuous connections.
Electrical wireq should cross the gap through ob-
lique paths andl should be of thin diameter and of
metal with low thermal conductivity. The use of
copper should be limited to a minimum.

2.1.2 Cooling unit

The cooling un|ts shall have surface dimensions at
least as large gs those of the heating unit, including
the guard healer(s). They shall consist of metal
plates maintained at a constant and uniform tems¢
perature, within 2 % of the temperature difference
across the spe¢cimen and lower than that of the
heating unit. This can be accomplished by.the use
of a constant-tgmperature fluid, by the use) of elec-
trical heaters, py the use of thermal finsulation of
uniform thermal resistance applied \between the
outermost surfgces of the heating“units and appro-
priate auxiliary|cooling plates, 6r)by a combination
of these, as suifable for the coeling unit temperature
desired.

Fluid-cooled mgtal plates‘require particular care in
their design in prder\to'obtain temperature uniform-
ity (see [5] and [24). "The temperature dlfference be-
tween the inle :

evaluated for the snuatlon of the hlghest thermal
load in combination with a given flow-rate of the
fluid. For most fluid-path layouts, this temperature
difference is larger than any temperature non-
uniformity of the plate. The best results will be ob-
tained with helical counter-flow paths for the fluid.
However, in this case the thermal resistance be-
tween the fluid and the metal plate should be suffi-
ciently high (see [5]1 and [24]), otherwise plate
temperature non-uniformity can be even larger than
the temperature difference between the inlet and
outlet fluid.

14

2.1.3 Edge insulation and edge heat losses

Deviation from one-dimensional heat flow in the
specimen is due to non-adiabatic conditions at the
edges of the heating unit and of the specimens.
Moreover, heat losses from the edges of the heating
unit and specimens will cause lateral temperature
gradients in the surface plates of the guard section,
thus creating additional deviation from the ideal
one-dimensional heat-flow pattern intended.

Heat losses from the specimen edge cause edge
loss errors WhICh can be computed only for homo-
r simpli-
fied boundary conditions. These errors| will be
minimal if the ambient temperature corresponds to
the mean temperature of the specimens. Hor infor-
mation on the computation, see~22.1 and [4], [5],
[10], {111 [19] [28] and [37].

Little or no information _is_available on the other
edge heat loss errorss The heat losses from the
outer edges of the guard section and the gpecimen
shall, therefore, be, restricted. This can bg accom-
plished by edgedinsulation, by controlling the ambi-
ent temperatute, by an additional outer gugrd, by a
linear gradiént guard or by a combination [of these
methods; four possible configurations are $hown in
figure 5.

A very important heat flow path from the heating unit
edges is along the wires of the heaters and|temper-
ature sensors. It is therefore necessary tg provide
an isothermal surface close to the heating|unit and
at the same temperature. All of the wires should be
fastened securely to the surface. This ispthermal
surface may be an auxiliary guard or anhy other
suitable surface. The level of thermal imbalance
should be limited so that heat flow-rate exkchanged
through the wires will not exceed 10 % of the heat
flow-rate crossing the samples in unidifectional
ideal conditions.

2.1.4 Measuring devices

2141 Temperature measurements

21411 Imbalance detection

: 2 A : A i be read
mdsvtdually and the temperature dlfferenc«= calcu-
lated, or, better, they may be connected differentially
to indicate such temperature difference directly.
Small diameter thermocouples, not greater than
0,3 mm, connected as a thermopile, are often used
for this purpose. The detection system shall be suf-
ficiently sensitive to ensure that the error in the
measured property due to the gap temperature im-
balance shall be restricted to 0,5 %, as determined
experimentally or analytically. The sensitivity of
many temperature sensors falls off drastically as the
temperature is decreased. Particular care must
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Edge insulation (dots are temperature sensors, when installed)
Additional outer isothermal guard or outer gradient guard
Additional outer plane guard

Additional outer guard insulation

Additional outer T-shaped guard

Figure 5 — Possible configurations to restrict edge heat losses
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therefore be taken in designing thermopile meas-
urement and control systems to operate under low
temperature conditions.

2.1.41.2 Temperature differences in the apparatus

Any proven method capable of measuring the tem-
perature difference between heating and cooling
surfaces to an accuracy of 1 % may be used for the
measurement of temperatures in the apparatus.

The surface temperatures are often measured by

metal plates of the heating or cooling units or they
are only insulated from other electrical circuits; in
the latter case, the insulation resistance should
normally be larger than 100 MQ2. Computations and
experimental verifications shall be made to be sure
that other circuits do not affect the accuracy of the
measurements of heat transfer properties.

The number of temperature sensors on each side
shall be not less than N\/,T or 2, whichever is
greater, where N = 10 m—-' and A is the area in
square metres of one face of the metering section
plate.

means of perma
sors, such as thermocouples, set in grooves in the
surface plates |or placed just under the surface in
contact with the specimen.

Other solution$, like thermocouples embedded in
thin sheets, require particular care to reduce errors
in the detection of surface temperatures, mainly with
low resistancg specimens. Some examples of
thermocouple fonnections are shown in figure6.
Systematic errgrs associated with the thermocouple
measurements| are frequently due to the fact that
their wires are| not perfectly homogeneous, so that
temperature differences along them generate small
electromotive fprces. The effect is usually larger in
alloys than in pure metals. In figure6a), each
thermocouple |has the reference junction in the
bath R and can| be read individually.

When high accpiracy is required in temperature dif-
ference measufements but not in the absolute tem-
perature of the heating and cooling units, the
differential conpections of figure 6b) or 6¢) are two
examples to repch this goal. When using differential
connections, bpst results are obtained when. the
wires 1¢, 2¢, 1, j|and 2y, in figure 6b) and 6c)-are 'made
of pure metals |(for example: copper) and-the wires
connecting Hy o C4 or H, to C, in the.same figures,
remain within the cabinet A, at a temperature close
to those of the heating and cooling-tnits. In this sit-
uation, the temperature difference along the con-
nections is kept to a minimum. On the contrary,
most of the advantages_are lost if the differential
connection is made by’ clamping together leads 1
and 1’ of figure[6a).

Connections of| the type shown in figure Bb) allow
averaging of s
measurement, while the connectlons |l|ustrated in
figure 6¢) reduce to a minimum metallic linkages
between heating and cooling units.

Temperature sensors can be either completely in-
sulated electrically from the plates or grounded to
them only in a single point of the whole circuit (as
a consequence, in differential connections only one
junction of a thermocouple can be grounded). The
amount of electrical insulation required depends on
whether the sensors are shielded by grounded

16

It is recommended that one temperature sl?nsor be
placed in the centre of the meteringrarea section
and that a similar number of tempetrature|l sensors
be permanently and similarly cinstalled at corre-
sponding positions in the facing cooling units.

2.1.41.3 Temperature difference across thp
specimen

Due to possible influence of contact resistgnces be-
tween the specimen and the apparatus.|different
methods existo determine the temperatufe differ-
ence across-the specimen.

Some recommended techniques are as| follows;
errorsiinherent to some methods are desgribed in
[6] -yet in some instances the choice of thg method
itself is left to the judgement of the operatof.

a) For non-rigid specimens (see 1.7.1) with flat uni-
form surfaces that conform well to flat [surfaces
of the plates, and with thermal resistance greater
than 0,5 m2K/W, the temperature dffference
across them is normally taken to be ind{cated by
the temperature sensors, usually thermqgcouples,
permanently mounted in the heating and cooling
unit surfaces.

b) Rigid specimens (see 1.7.1) may be indtalled in
the apparatus with thin sheets of suitable homo-
geneous material interposed between the speci-
men and each plate. The resistancg of the
composite sandwich (sheet/rigid
specimen/sheet) is determined as in a)l and the
temperature difference across the specimen can
b omputed—th istahee he—sheets is
known (see 3.2.2.21 for limitations of this
method).

¢) Another method used to determine the temper-
ature difference across a rigid specimen is by
means of separate temperature sensors, usually
thermocouples, mounted flush with or interior to
the surfaces of the specimen. This technique can
also be used in conjunction with thin layers of
low resistance material interposed between the
specimen and the plates.
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H,, H, Thermocouple junctions on the heating unit
Cc Cooling unit
C;, C, Thermocouple junctions on the cooling unit
R Reference isothermal bath, usually an ice bath
A Apparatus cabinet, usually conditioned close to the mean test temperature

E Environment, usually the laboratory air

Figure 6 — Some thermocouple layouts
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2.1.4.1.4 Type and placement of temperature
sensors

Thermocouples mounted in the surfaces of the
plates shall be made of wire not larger than 0,6 mm
in diameter and preferably not larger than 0,2 mm
in diameter for smaller size apparatus.
Thermocouples placed against or set into the sur-
faces of the specimens should be made of wire not
larger than 0,2 mm in diameter. For low resistance
specimens it is recommended that thermocouples
be placed within the specimen surface whenever
possible; otherwise thinner diameter thermocouples

will vary according to the operating range of the
apparatus. In all likelihood, it will vary by several
orders of magnitude. This necessitates either highly
linear, wide-range (multidigit) or less linear, multi-
range, measuring instruments. The choice will be
governed by the general requirements of the user.

A measurement system having a sensitivity and ac-
curacy of at least 0,2 % of the temperature differ-
ence across the specimen shall be used for
measurement of the output of all temperature- and
temperature-difference sensors. Measurement of
the power to the heating unit shall be made to within

must be used.

The thermocoyples that are used to measure the
temperature off the hot and cold faces of the speci-
men should fabricated from either calibrated
thermocouple Wire or from wire that has been certi-
fied by the supplier to be within the special limits of
error given in table B.1. Thermocouples used to
measure tempgratures in the range from 21 K to
170 K should |have a standard limit of error of
+ 1 %. For information concerning the installation,
sensitivity and| accuracy of thermocouples in the
cryogenic temperature range, see [7] to (9],

The resulting ¢rror in temperature differences due
to distortion the heat flow pattern around the
temperature sgnsor, due to temperature sensor drift
and due to othér temperature sensor characteristics
shall be less than 1 %.

Similar criteria|shall be applied to temperature sen-
sors different fflom thermocouples.

2.1.4.2 Thickness measurements

Means shall be provided for measuring-the thick-
ness of the specimen to within 0,5/% . Because of
the changes specimen thickness—possible as a
result of thermjal expansion, or,compression by the
plates, it is fecommended ¢that, when possible,
specimen thickness be measuted in the apparatus
at the existing test tempetrature and compression
conditions. Galging points, or measuring studs at
the outer four corners of the cooling unit plates or
along the axeq pérpendicular to the plates at their
centres, will sdrve)for these measurements. The ef-

0,1 % over the full operaling range.

2.1.5 Clamping force

A means shall be provided forcimposing either a re-
producible constant clampingforce upon the system
to promote good thermal ¢ontact or for mgintaining
accurate spacing betweemthe plates of thg appara-
tus.

toward each other, can be imposed by means of
constant-force springs, a system of levers and dead
weights, oran equivalent method. It is unllkely that
a pressure greater than 2,5 KPa will be redquired for
the majority of insulating materials.

A steady force, which will thrust the coo{'ng units

When compresible specimens are tested, it may be
necessary to use stops of small cross-sectipnal area
and low thermal conductivity between thg corners
of the cooling unit plates and the cornefs of the
guard section. Other means may be used tp impose
the distance between heating unit and cogling unit
plates; a constant pressure arrangement is not
needed for such tests.

2.1.6 Enclosure

The guarded hot plate apparatus shall be placed in
an enclosure equipped to maintain the| desired
interior environmental gas temperature and dew or
condensation point when the cooling unif temper-
ature is below room temperature or when the mean
temperature is substantially above room| temper-
ature.

fective specimen thickness is determined from the
average difference in the distance between the
gauging points when the specimen is in place in the
apparatus and when it is not in place, and the same
force is used to press the cooling unit plates towards
each other.

21.4.3 Electrical measurement system

The design of the measuring system will depend on
the heater design, on the type of temperature sen-
sors used and on the temperature-difference sens-
ing circuitry. The range of the outputs from these
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Means to control the environmental pressure and
gas property should be provided if measurements
are required in different gaseous environments.

2.2 Evaluation of errors

2.2.1 Imbalance and edge heat loss errors

Most of this error evaluation assumes conducting
specimens opaque to ratiation. In case of low den-
sity materials semitransparent to radiation, some
expressions may be inaccurate.
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If ¢ is the heat flow-rate that in the ideal
unidirectional condition would traverse the speci-
men (in a single-specimen apparatus) or both spec-
imens (in a two-specimen apparatus) and ¢ is the
actual value, the error in heat flow measurement,
E,, is:
$r1—¢
E¢=_ 3

The heat flow-rate, ¢, can be expressed as

ISO 8302:1991(E)

This simplified theoretical expression gives correct
results only when test conditions match the model:
for example it does not work for specimens
semitransparent to radiation or for non-isotropic or
non-homogeneous specimens, either opaque or
semitransparent to radiation. The use of the formula
is suggested only to set limits on the design of the
apparatus to minimize the effect of the edge heat
losses but shall never be used to correct measured
data.

The lowest values are obtained when the value of e
is close to 0,5. However, it is difficult to maintain the

é = (7 AAT)|d (see 35.2). For conducting

specimend opaque to radiation 1 replaces g .

Assuming [that the metering section, the guard sec-
tion and the cooling units are at the uniform tem-
peratures, |7, Ty — ATy and T, respectively, that the
specimengd are homogeneous and isotropic with
conductivily A and that their edges exchange heat
towards 3 medium at the uniform temperature
T.,=T,+¢(T,—T,), where e is a dimensionless
number, theoretical analysis (Bode, [28]) shows that
AT,

g .,
AT 7

Ey=2%+eZy+
where Z,|Z, and Z, depend on the specimen di-
mensions,|on the gap and guard section width, on
the conduftivity of the specimens, on the surface
coefficients of heat transfer, on the edges of/the
specimeng and on the thermal connections threugh
the gap.

When the [mbalance temperature difference through
the gap, AT, is equal to zero, ¢y js affected only by
a heat floy-rate, ¢,, that corresponds to edge heat
loss error$ E,; as a consequence Z; is a parameter
associated to the imbalance error ;. The evaluation
of Z,,Z, and Z, requireS very complex series ex-
pansion, yet, when the’surface coefficient of heat
transfer tdnds to infinity, the following approximate
expression can be.derived (see [11):

Ee= e=Z4|'*"eZ2"—"

specimen edges exactly at the mean|test temper-
ature which corresponds to e = 0,5 s0 [computations
should be carried out with e not,greatdr than 0,25.

From the imbalance error [i;+(ATy/AT)Z,, an error
heat flow-rate ¢4 = [y ean'be expresped as

$q=(dbo + 1)ATY

where

$,AT, fepresents the heat flow-rate flowing di-
rectly across the gap due fo conduction
in the heater and tempdrature-sensor
leads, in the mechanical| connections,
etc;

Ac ATy is the heat flow-rate through one speci-
men or both specimens in a two-
specimen apparatus.

From the above expression, it is evidept that

s _d( o
Za-—A(l Fc)

The coefficient ¢ is not strictly a congtant and was
predicted theoretically (see [12]) as
o= 16/ In 4
Toom 1 — o (2D

considering, under approximate boyndary condi-
tions, the heat flow-rate through both[specimens in
a two-specimen apparatus.

The value of ¢, can be computed using elementary

cosh(n bt! )+1

= 4 eln d +
wl cosh(n—b—> +1
d
2
COSh(ﬂ b;l )—1
+(1—e)ln -1

cosh<n %) -1

heat transfer formulae for any given design of the
heating unit, provided the dimensions and the mat-
erials of construction are known. The values of ¢,
and ¢ can also be checked experimentally (see [
and 2.4.4). In this discussion the difference in tem-
perature imbalance around the guard-metering sec-
tion gap for square apparatus as described in 2.1.1.4
has been assumed negligible; also assumed negli-
gible are the problems due to the positioning of im-
balance sensors described in 2.1.1.5. If these were
not negligible, the corresponding errors should be
added to I,
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2.2.2 Errors due to non-symmetrical
conditions

A,

N ananiman
VWUV opTuInin

1f +h o
v [

i mne er are

ature differences may differ slightly. If it is assumed
that each specimen has the same thermal conduc-
tivity and tnis is consiant wiih iemperature, ihe error
E, = Al/2 due to non-symmetrical conditions can be
written as follows:

dy—dy \’
Esr_ﬁ:(_e\___e_) N

_—

measured when the specimens are mounted in
the apparatus.

2.2.4 Total error

The majority of the errors cited in 2.2.3 are system-
atic, and thus the total error is additive. However,
the probability that they all act in one direction in the
sense of increasing or decreasing the measured
property (thermal conductivity thermal
transmissivity or resistivity, thermal resistance,

transfer factor or thermal conductance) is limited.

A 2d
T T~ (Ta—Toe)  da—da

where subscripts A indicate quantities measured on
the first specimen, subscripts B indicate quantities
measured on thhe second specimen, and those with-
out subscripts are average values.

If the thermal ¢onductivity of each specimen is dif-
ferent or it is temperature-dependent, the formulae
which define F, are more complex. Similar ex-
pressions may [pe derived for the other heat transfer
properties. E lis negligible if the requirements of
3.2.1 and 3.3.6 are fulfilled.

2.2.3 Other errors

The measured |properties are affected by other de-
terminate sourges of errors that must be considered
both by the designer of apparatus and by the oper-
ator. These erfors depend upon the accuracy of
measurements| of dimensions and electrical volt-
ages at low levels. The major ones are

a) error in the [measured electric power to the me-
tering sectign, E;

b) error in the| dimensions of\the appropriate me-
tering area for cut andtuncut specimens and for
the heating pnit andgap dimensions, /7,;

c) errors in the vdlue of temperature and temper-

The correct definition of the maximum probable er-
ror will require a complex statistical analysis, but if
there is no one error which is far larger tHan all of
the others, the maximum probable,error ranges be-
tween 50 % and 75 % of the total\efror.

2.3 Apparatus design

2.3.1 Required performance
When a guarded hot plate apparatus is tp be de-
signed, preliminary decisions must be taken on the
following,parameters:

a) minimum and maximum specimen thickness to
be tested in the apparatus;

b) minimum and maximum specimen thermal re-
sistance,

¢) minimum and maximum temperature djfference
across the specimen;

d) sensitivity of the balancing system of the guard
section;

e) minimum cooling unit temperature;
f) maximum heating unit temperature;
g) overall apparatus accuracy as maximunp accept-

able error in measured property in a| defined
worst-case condition;

ature differeinces, E;; these depend on the accu-
racy of tfl_mﬂ‘b‘raﬂm_mm'walure

sensors, accuracy and noise of measuring in-
struments, uncertainty in the definition of the
point where the temperature is measured by the
sensors and uncertainties due to contact resist-
ances between specimens and temperature
sensors;

d) errors in thickness measurements, I%; these de-
pend on the accuracy of the instruments, on the
uncertainty in defining the average thickness due
to the lack of flatness of the specimens and the
apparatus surfaces, and on the lack of agree-
ment with test conditions if the thickness is not
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h) surrounding environment.

2.3.2 Tentative selection of apparatus
dimensions

As a first trial take the side or diameter of the cen-
tral metering section to be four times the maximum
specimen thickness and the guard section external
side or diameter to be eight times the maximum
specimen thickness.

Compare these dimensions with those suggested in
1.7.9 and choose one of them.
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2.3.3 Heating unit temperature uniformity

Define a tentative thickness for the metal plates of
the heating unit. Large temperature non-uniformities
exist in the guard section due to edge heat losses.

Compute edge heat losses ¢,, through the wires,
and edge heat losses ¢, through the side of the
guard section and through the side of the specimen
(see 2.1.3).

For the first case shown in figure 5, where no auxil-
iary guard section is used, assume surrounding in-

ISO 8302:1991(E)

section heater to the guard section metal plates as
the density of heat flow-rate ¢, and that it is ex-
changed only through the external guard section
edges, calculate temperature non-uniformities on
the metal plates (see figure 7).

Similar considerations may be used to evaluate
temperature non-uniformities in the metering sec-
tion and in the guard section due to the presence of
the gap. This check must be carried out when the
density of heat flow-rate through the heating unit is
maximum; a proven design should be used when the

designer has no prior experience in

sulation of‘luniform thermal resistance R, where R,
is either dye only to natural convection or is the in-

sulation thermal resistance considered as a flat
slab. A vefly rough estimation of edge heat losses
¢4 can be pomputed as
| R Y\ gy
d’elz—E:[T(Tl - T2)+ (d+—2_)(,m_ Ia)J
where

d is the test specimen thickness, in
metres;

(Ty—1,) is the difference in temperature be-
tween the hot and cold surfaces of
the specimen, in kelvins;

y is the thickness of the heating unit,
in metres;

P is the perimeter of the guard section,
in metres;

R, is the minimum thermal resistance
of the edge insulation;\in kelvins
square metre per watt;

T, is the mean teémperature of the
specimens, in.kelvins;

T, is the temperature of the outer sur-
face of the-edge insulation (in prac-
tice jtncan be assumed as equal to
the_.ambient temperature), in kelvins.

It should |be™\noted that ¢, depends on both
(T, — T,) apddT, — T,); consequently, since it is de-

plate apparatus design.

At the conclusion of the calculations, c
the thickness of the metal plates of thg
is satisfactory; this thickness should n¢
ceed the minimum thickness required {
perature uniformity stated”in 2.1.1.2, as
will increase imbalance’errors.

2.3.4 Cooling unit temperature un

Compute thevmaximum heat flow-rate
specimen.when its thermal resistance)
and thestemperature difference across
is. maximum. Add the heat flow-rate
heat losses and the heat flow-rate exd
the cooling units towards the environ

mass flow-rate of the cooling fluid (wh

guarded hot

heck whether
heating unit
bt greatly ex-
o reach tem-
5 thick plates

formity

crossing the
is minimum
he specimen
due to edge
hanged from
ment. Define

n pertinent)

the cooling system, the metal plate UEckness and

to reach the temperature uniformity sta

2.3.5

Determine the maximum allowed valu
and define a tentative gap width in acc
2.1.1.3.

edin 2.1.2.

Imbalance and edge heat loss errors

e for £y + E,
prdance with

A narrow gap increases imbalance efrors while a
wide gap increases uncertainties in thg definition of

the metering area.

Calculate the apparatus parameters
defined in 2.2.1.

b, and c as

Evaluate imbalance and edge heat lops errors as

suggested in 2.2.1. They are maximum when the

sirable that the net heat flow-rate from the outer
edges of the specimens be kept nearly equal to
zero, (T, — T,) should be kept small.

Evaluate then the deviation from isothermal condi-
tions in the metal plates of the heating unit roughly
computing the heat flow-rate ¢, + ¢,, in the guard
section which exceeds the one that would flow in the
unidirectional condition. Then, assuming that this
heat flow-rate is transmitted uniformly by the guard

specimen thermal resistance and specimen thick-
ness are maximum and when (7, — T,) is minimum.

If errors due to edge heat losses through the speci-
men and the guard section, as just outlined, cannot
be evaluated, the heat flow-rate in the guard section
must be calculated: the amount due to edge heat
losses should not exceed 20 % of the heat flow-rate
flowing in the specimen under ideal unidirectional
conditions; see 2.3.3 for tentative calculations.
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Bo+P, =

The imbalance error must be compatible with the
sensitivity of the imbalance detecting system and
should not be far larger or smaller than edge heat
loss error. At|this point the optimum guard section
width and the maximum allowed specimen thickness
should be verjfied (see [5]). Annex C contains a list-
ing of a comppter program that gives the maximum
specimen thigkness, once the sum (F; + E,) has
been defined.|For a range of appropriate variables
of the guarded hot plate apparatus this can be
modified to eyaluate the performance of any appa-
ratus.

If the results gre not satisfactory, different apparatus
dimensions may be necessary or it may be neces-
sary to add a|second peripheral guard section;.find
a new approach and go back to the beginning of
2.3.

2.3.6 Detail

Once satisfactory values for thé-size and dimensions
of the apparatus have been-found

a) define surface tolerances according to minimum
specimen fhickness;

b) select surface-finishing to reach an emissivity of
0,8 or gre - ieH
metallic surfaces and many paints meet this re-
quirement);

c) define all apparatus details such as temperature
sensor positions and mounting, heater layout,
wiring, mechanical connections, thickness
measurement devices, etc.;

d) select a cooling system according to minimum
cooling unit temperature;

e) select a conditioning system according to the
required surrounding environment and according

22

Figure 7 — Evaluating temperature uniformity in a metal plate

to the needs of its stability and drifls to keep
edge heat loss errofs-within the stated| values;

fy select automatie) temperature-controll systems
according te minimum temperature {drifts and
fluctuation® acceptable by the apparatys;

g) choose.the power supply for the centraj metering
section according to the maximum power re-
guirements stated in 2.3.1 and with drifts com-
patible with the minimum power corrg¢sponding
to maximum specimen thermal resisfance and
minimum temperature difference;

h) select the electrical measuring system with a
sensitivity and an accuracy in accordfance with
the minimum temperature difference gn the ap-
paratus.

2.3.7 Total error

Evaluate all the errors explained in 2.2, calculate the
total error and compare it with the overall ppparatus
accuracy given in 2.3.1: the design will bg success-
fully completed when the total error defingd in 2.2.4
is smaller than the overall apparatus accuracy.

2.4 Performance check

When a new or modified design is evolved, a set of
careful checks must be performed before starting
regular testing.

2.4.1 Planeness

The planeness of the surface can be checked with
a metal straightedge held against the surface and
viewed at grazing incidence with a light behind the
straightedge. Departures as small as 25 um are
readily visible, and large departures can be meas-
ured using shimstock or thin paper.
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2.4.2 Electrical connections and automatic with a range of values for the temperature imbal-
controllers ance AT, and the change of measured thermal con-

ductivity recorded. The results should be fitted to a
Thin, low thermal resistance specimen(s) shall be straight line to define AZ/AT,.

mounted in the apparatus, and the assembly al-
lowed to reach thermal equilibrium with the air of
the laboratory when the apparatus is installed. All
temperature sensors shall indicate temperatures
very close to the temperature of the air of the labo-
ratory; check the noise of each sensor. Check insu-
lation of all electrical circuits with an ohm-meter.

The experiments and computation should be re-
peated for a (couple of) specimen(s) of high thermal
conductivity. By means of the values A1/A = E, and
the two equations of the type I = (AT /AT)Z,, the
two unknowns ¢, and ¢ can be obtained. Similar
equations can be used for other measured proper-
ties.

Compute the maximum expected voltage on the
heaters of|the heating unit; apply a voltage close to
the one jyst computed between the heating unit
metal plates and one lead of the heater of the me-
tering section or of the guard section (no current
should flow); if grounding, guarding and electrical
insulation of the temperature sensors are correct,

The noise and drifts of the imbalance detection
instrumentation must be smallerthan the voltage
corresponding to the minimum imbalpnce allowed
in the worst test conditions.

no change will be observed in their readings. Re- 2.4.5 Edge heat losses
peat the pfocedure also at the extremes of the op-
erating temperatures of the apparatus; below room Edge heat lossestgive rise to the grealest measure-
temperatufe, one frequent reason for the degrada- ment inaccuracy(when both the thickness and ther-
tion of the| electrical insulation is moisture. Also at mal resistapeeof the specimens are layge and when
high tempgratures, electrical insulation can exhibit the temperature difference across therp is small.
wide changes. . )

T Mount.a*(couple of) specimen(s) with thermal re-
The next step is that of checking noise and drifts of sistance and thickness close to the ma%imum design
all automatic controllers. value. Then measure the power supplied to the

guard section; it should not greatly exceed the one
required by the specimen unfer perfect

2.4.3 Temperature measurements TR o
unidirectional conditions.

Whgn the Japparatus is gnclosed.in a conditioned Checks must then be carried out to me¢asure exper-
cabinet, mount the specimen(s) in the apparalus, imentally the effect on measured properties of the
regulate thie cooling unit temperature at some’rele- edge heat losses. The only direct mbthod. where
vant value Withi." its range. Control the umbient applicable, is to alter the ambient temjperature and
temperatuile within the cabinet at the same temper- observe the corresponding change in guard section
ature. power and in measured thermal propejties. This in-
Do not supply any electrical power to the heating formation is of considerable help in defining, for any

type of specimen (homogeneous or no}, isotropic or

unit central section and guard_section. The heating not, etc), the level of acceplable driffs in ambient

unit tempefrature shall match he cooling unit tem- i t 291
perature within the noise{of the measuring system. emperature (see 2.2.1).
Moreover, the guard séction temperature shall also When it is impossible to change the Ambient tem-
be balanced with the.metering section, again within perature, a useful method of determiping whether
the noise of the imbalance-detection instrumentation or not sufficient edge guarding or insulgtion is pres-
(this isothgrmaligonfiguration can also be used to ent to reduce edge heat loss error in {he specimen
check therfmocouples). Wrong results can be due is to measure the temperature [I. using a
either to a| poor design of the conditioning cabinet ae thin metal
and of the insulation of the apparatus or to wrong strip embedded into one specimen at the centre of
wiring and connections of the temperature sensors. an edge. Under these conditions, the following cri-
terion should be met:
2.4.4 Imbalance errors T T
_e,___T_<O’1
Tests should be carried out on new equipment using AT
different specimens and guard to metering section
: : ; where
temperature-imbalances, to determine the maxi-
mum imbalance error for any kind of specimen (see T is the mean temperature of the
2.2.1; 1] to [5] and [12]). The parameter ¢, and ¢ ex- ™ specimen(s):
plained in 2.2.1 shall be determined as follows. A
series of measurements should be carried out on a AT  is the temperature difference across the
(couple of) specimen(s) of low thermal conductivity - specimen(s).
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This method will only work for homogeneou

ss
mens. For best accuracy, the factor should be les
than 0,02.

neci-
[3aa%

2.4.6 Emissivity of apparatus working
surfaces

If an air gap of thickness d, ranging from 5 mm to

20 mm, ig created bhetween hnahnn and rnnlmn unit

Sriu LUV

surfaces preventing the onset of natural convectlon
the density of heat flow-rate per unit temperature
difference, A, is the sum of 1/d and 4o, m/(2/c —1)

(glass fibre board with density ranging from

110 kg/m3 to 170 kg/m3) meet these requirements
between 170 K and 370 K, and 255 K and 330 K re-

nnnnnnnnnn Maonaiira tha ~andisdi at
‘;pruuvcuy wicasurcc IIIU bUllUubllVlly at a ulvcll

mean test temperature with widely different tem-
perature differences, for example 10 K, 20 K and
40 K. The resuiis musi be independent of ihe item-
perature difference.

Repeat the check at some oiher reievant mean test
temperatures. If the results are unsatisfactory, this
is likely to be due to the combined effects of edge
heat losses and bad placement of the imbalance

(1 is the copductivity of air and o, is Stefan-
Boltzmann copstant). The best fit of the plot of A
versus 1/d s pplies both the air conductivity and
40, m/(2/e , hence the apparatus emvssrvvty
When the on et of natural convection cannot be

aunidad ramnlay nracadiirvae ara romiiiva A
avuiucu, |'|U' CUITTPITA  pIULTUuUITO at o 'cqu"cu

(see [21] and [38]).

2.4.7 Linearity test

When the eqyipment has met the design require-
ments throughout the checks 2.4.3 to 2.4.6, mount a
specimen (or|a couple of specimens) made of a
thermally stabjle material the conductivity of which
is a linear fynction of temperature. The Bureau
Communautaife de Référence (BCR) reference mat-
erial RM 64 (g/lass fibre board with a nominal density

close to 90 kg/m3) and the National Bureau of Stan-
dards (NBS) standard reference material SRM 1450

Sensors.

2.4.8 Proven periormance checks

When all the other checks arersuccessful, {ests shall
be made on at least two sets) of material|of known
thermal stability which -have been calibrpted at a
nationally recognized«laboratory. Tests |[shall be
made for each specimen at two mean temperatures
typical of the operating range. All tests| shall be
conducted within"80 d of calibration, where| possible.
Any difference/in results should be carefully studied
to determinerwhy they arise and how thdgy can be
removed.“Appropriate action should be thken. Re-
ports. eimaterials tested according to this method
shall“be issued only after successful conjparisons.
No-further checking will be necessary, thqugh peri-
odic checks are recommended.
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Section 3: Test procedures

3.1 General

The measurement of the heat transfer properties of
a low thermal conductance sample or of a thermal
insulating material, product or system can be car-
ried out in accordance with a set of specifications
based upon this International Standard.

possible with guarded hot plate apparatus, a num-
ber of decisions have to be made, which relate to
the specific property desired or needed as a result
of any direct measurement (e.g. thermal conductivity
or therm3l resistance), or to any correlation desired
or needed among measured properties (e.g. thermal
conductivity as a function of temperature or thermal
conductivity as a function of density at a given temy
perature)

In particujar these decisions will be influefced by

a) The size and form of apparatus either available
or nedessary. A particular appatatus of one size
may not be sufficient to carry 'out measurements
on all|specimen thicknessé€s 16 enable all of the
requigdite heat transfer .properties to be deter-
mined| directly or by inteypolation from measure-
ments| on thicknesses/up to its maximum limit,
see 3/4.2. Similagly, the range of both temper-
ature pnd environmental conditions either avail-
able dr necessary may not be sufficient to yield
the required~information directly or by interpo-
lation [from* measurements over the respective
range } }

b) The size and number of specimens either pro-
vided or needed. This will depend on the ultimate
requirement of a particular sample or material.
If the material, product or system is highly
anisotropic in nature, whether measurements
are possible with the guarded hot plate appara-
tus should first be determined (see 3.4.1).

c) The need or desirability of interposing thin
sheets of low thermal resistance between the
specimen and the apparatus and the need or
desirability of instrumenting the specimen with

temperature sensors (thermocouples) see
2.1.4.1.3). These techniques are intended to make
correct measurements of the temperature differ-
ence across the specimen of low thermal resist-
ance and/or of rigid material. For materials,
products or systems of high thermal
conductance, especially when they are
anisotropic in nature, in some laboratories the

pecimens—arefabricated eitherin the form of
central and annular sections_of |corresponding
sizes to the metering and guard sections of the
apparatus being used, or ofithe same size as the
central section, replacihg ‘the gpp and guard
portions of the specimer with a sjiitable insulat-
ing material.

These technique® cannot be encquraged until a
theoretical assessment of implied errors is
availables,yet in both situations| the metering
area, A; 1o be used in calculationd shall be

A=At Ay~ )}_g

where
A is the metering section|area;
A is the gap area;

9

A is the specimen condugtivity;

A is the conductivity of [the insulating
material or the conductivity of the
material filling the region facing the

gap.

9

d).

The need or desirability of enclog
men in thin water-vapour tight en
techniques are intended to ¢
moisture adsorption after drying

ing the speci-
elopes. These
revent either
or change in

moisture content after conditioning.

e) The need for either specimen thigkness spacers
or applied pressure on the specimen.

The operator must also be conscious of the differ-
ence between a measurement the goal of which is
to determine one of the steady-state heat transfer
properties defined in section 1, and a measurement
required by a material specification. The latter may
be required by a sampling plan on specimens that
do not conform to all the requirements stated in this
International Standard. A typical situation is that of
specimens not flat enough to ensure good contact
with the apparatus, or not parallel, as required in
3.2.2.2.1, or tested at a thickness far from the end
use. The numerical results of such tests must
therefore be regarded merely as a convenient basis
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for the acceptance or rejection of lots of a particular
material, and not necessarily as a meaningful heat
transfer property of the material or specimen.

3.2 Test specimens

3.21 Selection and size

One or two specimens shall be selected from each
sample according to the type of equipment (see
1.6.2). When two specimens are required, they shall
be as nearly identi i i i

differing by lesg than 2 %. The specimen or speci-
mens shall be ¢f such size as to cover the heating
unit surfaces cgmpletely, except in special applica-
tions described|in 3.1 c). They shall either be of the
actual thicknesq to be applied, or of sufficient thick-
ness to give a|true average representation of the
material to be t¢sted (see also 3.4.2). They shall also
meet the general requirements outlined in 1.7 and
1.8. The relatiopship between the thickness of the
test specimen used and the dimensions of the heat-
ing unit shall bg restricted so as to limit the sum of
the imbalance and edge heat loss errors to 0,5 %
when using thg formulae of 2.2.1, if applicable.
Where the heat|ng unit has other constructional de-
tails, a separatg analysis shall be made to deter-
mine the point jat which the sum of the imbalance
and edge heat Ipss errors will be equal to 0,5 %.

3.2.2 Prepargtion and conditioning

3.2.2.1 Conformance to material specifications

Preparation and conditioning of the specimens ‘shall
be in accordance with the appropriate_wmaterial
specification. T]He following guidelines-'are given
where no specifjcation is available.

3.2.2.2 Guidelines for all specimens-except loose
fills

ation

that close contact between the specimens and the
apparatus or interposed sheets can be effected.

For rigid materials, the faces of the specimens shall
be made as flat as the heating unit (see 2.1.1.1) and
shall be parallel over the total surface area within
2 % of the specimen thickness.

When the specimen is of rigid material and has a
thermal resistance smaller than 0,1 m2-K/W, either
thin sheets [see 2.1.4.1.3 b)] or temperature sensors
mounted on the specimen [see 2.1.4.1.3 c)] shall be
used to determine the temperature difference
across the specimen. When using the solution given
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in 2.1.4.1.3 b), the thermal resistance of the sheets
shall not be larger than one-tenth of the thermal re-
sistance of the specimen. The resistance of the
composite sandwich (sheet/rigid specimen/sheet)
will be determined using the temperature drop indi-
cated by the permanent temperature sensors in the
heating and cooling unit surface plates. The resist-
ance of the interposed sheet alone will similarly be
measured in a separate test made at the same
mean temperature and with the same average
thickness as when used on the surfaces of the
specimens. The resistance of the rigid specimen will
i ces ob-
tained.

This procedure may allow severe perrors| if used
without care, as the thermal resistance of |the thin
sheets include the contact resistances between the
apparatus and the sheets, and therefore the sheet
resistance cannot always be, derived by thle know-
ledge of thermal conductivity of the same material
in thicker specimens. 4n“addition, the thermal field
within the sheets, for the case when they are
mounted within thé apparatus and the specimen
may be very different to that when testedl alone.
Thermal field\differences may also be larger when
the thermal conductivities of the specimg¢ns and
sheets are similar and when the sheet thickness is
comparable or smaller than the gap width (see
thickness limits stated in 1.7.5 and 1.7.6).

When using the solution given in 2.1.4.1.3 ¢)|the use
of very thin wire or foil-type thermocouplgs is re-
commended. These must be installed eith¢r on or
within the specimen surfaces and the measfirement
thickness must be adjusted to make appropriate al-
lowance for the position of the thermocouplé¢s.

The method of measuring the specimen temperature
difference may be subject to uncertainties difficult to
evaluate, among them being the effect of djstortion
of heat flow lines in the immediate vicinity of the
thermocouple due to its presence, the effe¢t of im-
precision in ascertaining the exact position of the
effective thermocouple junctions, and the gffect of
local inhomogeneities in the surface of the s,Lecimen
at the thermocouple junction, such as porejs, voids
or inclusions.

ods will

help to reduce measurement errors.

The number of uniformly distributed thermocouples
on each side of the specimen in the area contiguous
to the metering section should be not less than
N\/—A_, or 2, whichever is greater, where N =
10 m—*1 and A is the area in square metres of one
side of the metering section. If separate
thermocouples are used, the effective thickness of
the specimen shall be taken as the average dis-
tance, perpendicular to the faces of the specimen,
between the centres of the thermocouples on the
two sides.
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For the type and placement of the thermocouples
see 2.1.4.1.4. The use of the procedures described
in 21.4.1.3b) or 2.1.4.1.3 ¢) is recommended also
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between 0,5 m2:-K/W and 0,1 m2-K/W or when the
specimen is of a rigid material.

3.2.2.2.2 Conditioning

ISO 8302:1991(E)

3.2.2.3 Guidelines for loose-fill materials

3.2.2.3.1 General

loose-fill materialg it is recommended

LAE- RSV R L~ 3 2] TOLVUT IAT

ng

ickness of the specimen should be at least
10 times and whenever possible 20 times the mean
dimension of the beads, grains, flakes, etc. of the
loose-fill material. Most critical conditions are those
when beads, grains, etc. are rigid. When the re-

aquirement cannot be fulfilled, alternate test methods

After ‘lh'f determination of the mass of the
specime(s), they shall be conditioned to constant

mass in f desiccator or a ventilated oven at an ap-
propriatel temperature for the material. Thermally
sensitive| materials should not be exposed to tem-
peratureg that will change the specimens in an un-
typical manner. Where specimens are to be used in
a given temperature range, they should be condi-
tioned tg constant mass at the upper limit of this
range, in|a non-stagnant, controlled environment.

The sysiem may be closed if an absorber or
adsorber] is used. One example is a sealed
desiccatgr at 330 K to 335 K with stirred air for con-
ditioning |of certain foam plastics.

A relative loss of mass is calculated from the mass
determined before and after the drying. When“the
time required to carry out the measurements-of the
heat transfer properties is short compared with the
time required by the specimen to absorb significant
quantities of moisture from the laboratory air (for
example] concrete specimens), it {S'suggested that
the specimens be mounted quicKly)in the apparatus
at the end of the drying period™to prevent moisture
pick-up. In the opposite situation (for example, when
testing specimens of lighi-density fibrous materials
or of plagtic foams), it.is)suggested that the condi-
tioning bp continued. by leaving the specimens in a
room at the standard laboratory atmosphere (tem-
perature|of 296-K'% 1 K, and relative humidity of
50 % + 10 %)\to reach equilibrium with the room
air (con ant mass). ln mtermedlate sutuahons (for
example
the judgement of the conditioning procedure is |eft
to the experience of the operator.

To reduce testing time, the specimen(s) may be
conditioned to the mean test temperature imme-
diately prior to being placed in the apparatus. To
prevent moisture migration to or from the specimen
during the test, the specimen itself may be enclosed
in a vapour-tight envelope. If the presence of the
envelope introduces significant thermal resistances
between the specimen and the apparatus, the en-
velope must be treated as the thin sheets used to
test rigid specimens, as described in 2.1.4.1.3.

such as the guarded or calibrated ho} box should be
considered. To prepare the specimen(s) it is recom-

mended that a renresentative n rtinn cllnhfl\l
menaed wiav da epresenianve ppruch, SsiHgnuy

greater than the amount needed for the test, be
taken from the sample apd.weighed before and after

it has been conditioned-as in 3.2.2.2)2, where appii-
cable.

From these masses, the percentage mass loss is
calculated. An‘amount of the conditigned material is
weighed ouf such that it will produce one (two)
specimen(s) of the desired as-tested density using
the procedure described in the maferial specifica-
tioni~or, where no specification | exists, either
method A or B given below.

As the ultimate volume of the specimen is known,
the required mass can be determirjed. The speci-
mens are then quickly mounted in the apparatus or
left to reach equilibrium with the stangard laboratory
atmosphere, according to the guidelines given ear-
lier. When method A is used, or method B with cov-
ers of insignificant thermal resistancg, the specimen
surface temperatures should be taken as equal to
those of the surface of the heating and cooling unit
plates.

3.2.2.3.2 Method A

This method is suggested when operpting the appa-
ratus in the vertical position.

Set up the guarded hot plate apparajus with the re-
quired spacings between the heating unit and the
cooling unit(s). Place low conductivity material that
is suitable for confining the sample around or be-
tween the outer edges of the guard section and the
cooling unit(s) in such a manner that it forms one
(two) box{es) open on the top (one on either side of
the heating unit).

Divide the weighed, conditioned material into four
(eight) equal portions (four for each specimen).
Place each portion in turn in (each of) the (two)
specimen space(s), vibrating, packing, or tamping
each portion in position until it occupies its appro-
priate one-quarter volume of the space, and taking
care to produce specimen(s) of uniform density
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3.2.23.3 Method B

This method is suggested when operating the appa-
ratus in the horizontal position.

Use a (two) shallow box(es) of thin-walled low con-
ductivity material having outside dimensions the
same as those of the heating unit. The box edges
shall be of such width as to make the depth of the
box equal to the thickness of the specimen to be
tested. Make covers for the open faces of the
box(es) using either thin sheet plastic material not
more than 50 pm_thick or heat-resistant and non-

the mass of the conditioned specimen determined
as in 3.3.1, the as-tested density can be computed.

Blankett- or batt-type materials are usually tested
at imposed thickness; material specifications define
this thickness for many materials but sometimes the
result of the test may not meaningfully describe the
heat transfer property of the material, as pointed out
in 3.1.

With some materials (for example light-density
fibrous materials) it may be more accurate to
measure the density of the portion of the specimen

reflective sheets (asbestos paper or other suitable
uniform sheet material), these to be glued or other-
wise fastened tq the edges of the box(es).

The total hemigpherical emittance of the surfaces
seen from the gpecimen must be 0,8 or greater at
operating temperatures. If the covers have signif-
icant thermal refsistance, the method of determining
the net specimen thermal resistance presented in
3.2.2.2 for rigid gspecimens can be used. (Divide the
weighed conditioned material into two equal
portions, one for each specimen). With one cover in
place, and with|the box(es) lying horizontally on a
flat surface, plage a (one) portion in the (each) box,
taking care to pfoduce a (two) specimen(s) of (equal
and) uniform density throughout. Then apply the re-
maining cover(g), to make closed specimen(s) that
can be put intq position in the guarded hot plate
apparatus.

Fluff compressible materials during placement so
that the covers pulge slightly to make good contact
with the plates ¢f the apparatus at the desired den:
sity. For some materials, material loss during prep-
aration of the specimen may necessitate reweighing
before test, in which case determine the mass of the
conditioned box|and covers after the test.té compute
the as-tested depnsity of the material.

3.3 Test method

3.3.1 Mass

Just before moynting\the specimen(s) in the appa-
ratus, determinT its ‘'mass with an accuracy better

bounded by the melering area rather than the den-
sity of the full specimen; this helps to obtain a more
correct correlation between density ,and” measured
heat transfer properties.

Whenever possible monitor the‘thickness dyring the
test.

When the procedure of72.1.41.3c) is uged, the
thickness to be used to‘evaluate heat transfer prop-
erties must be adjusted making appropriate allow-
ance for the position of the thermocouples.

3.3.3 Temperature difference selection

Select, the temperature difference to be in|accord-
ance with one of the following:

a) ‘The requirements of a particular material prod-
uct or system specification.

b) The conditions of use for the particular sjpecimen
or sample being evaluated. [If this implles very
low temperature differences, the accuracy re-
quired for measuring this quantity may [be low-
ered. If this implies large tem;rerature
differences, it may be impossible to predjct edge
heat loss and imbalance errors, as thdoretical
evaluations assume specimens with [thermal
conductivity independent of temperature (see
221)].

¢) As low as possible, for example 5K (o 10 K,
when determining an unknown relationghip be-
tween temperature and heat transfer properties.

than 0,5 %.

3.3.2 Thickness and density

The as-tested thickness (and consequently the as-
tested volume) is either the thickness imposed by
positioning the heating and the cooling unit or the
thickness of the specimen(s) as measured at the
beginning of the test.

Specimen(s) thickness can be measured either as
indicated in 2.1.4.2 or outside the apparatus with
instrumentation that will reproduce the pressure on
the specimen during the test. From these data and
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d) The lowest temperature difference compatible
with the accuracy required for the measurement
of this quantity, when mass transfer within the
specimen(s) is to be reduced to a minimum; this
may imply non-compliance with this International
Standard, as mentioned in 1.7.3.

3.3.4 Ambient conditions

3.3.4.1 Air relative humidity

When heat transfer properties are desired for the
situation in which the specimen is immersed in air
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(or some other gas) adjust the humidity of the at-
mosphere surrounding the guarded hot plate appa-
ratus during a test to a dew-point temperature at
least 5 K below the cooling unit temperature.

For inter-laboratory comparisons, it is suggested to
use as standard atmosphere the one with the dew-
point temperature between 5 K and 10 K below the
cooling unit temperature.

When enclosing the specimen in a vapour-tight en-
velope to prevent moisture migration to or from the
specimen, the test conditions must be such that no

of the materials{ being tested. Care
should b¢ taken to record the type of ambient gas,
its presspre and temperature, and to include this
informatipn in the report.

When hejat transfer,‘properties are desired for the
situation [in whiehsthe specimen is in vacuo, evacu-
ate the system\prior to cooling.

ISO 8302:1991(E)

of the temperature difference between the heating
and cooling units.

Adjust and maintain the power input to the guard
section, preferably by automatic control, to obtain
the degree of temperature balance between the
metering and guard section that is required for con-
formance to 2.1.4.1.1.

3.3.6 Cold surface control

When a two -specimen apparatus is used, adjust the

Id aiters so that the
temperature difference through the fwo specimens
does not differ by more than 2 %.

3.3.7 Temperature difference detection

Determine the heating ‘and cooling unit temperature,
the specimen surfaces temperature| [if the proce-
dure in 2.1.4.1.3 ¢)-is used] and the fentre-to-guard
temperature balance by proven methods having
sufficient precision and accuracy to meet all the re-
quirements-given in this method.

The temperature difference across the specimen is
detérmined by one of the procedurgs described in
2.124.1.3.

Procedure 2.1.4.1.3 b) requires also| additional re-
sistance determinations to be made on the thin
sheets.

3.3.8 Settling time and measurement interval

As the principle of the method assumps steady-state
conditions, to attain a correct value for properties it

is essential to allow sufficient time for

and specimen to attain thermal equil

In measurements on good insulatg
thermal capacity and for cases W
moisture absorption or desorption W

the apparatus
brium.

rs having low
here there is
ith consequent

latent heat exchange, the internal sppcimen can re-

quire a very long time to attain therm

The time required to reach equilib
from minutes to days and will depen
ratus, on the specimen, and on their

3.3.5 Heat flow-rate measurements

Measure the average electrical power supplied to
the metering section to an accuracy of not less than
0,2 %; d.c. current is strongly recommended. With
d.c. current, potentiometric four wire measurements
of current and voltage are normally used.

Automatic regulation of the input power is recom-
mended. Random fluctuations or changes in input
power shall be less than that required to cause the
temperature of the heating unit surfaces to fluctuate
or to change in the test period by more than 0,3 %

al equilibrium.

rium can vary
d on the appa-
nteractions.

The following items must be critically considered to

evaluate this time:

a) thermal capacities and control

system of the

cooling unit(s), of the heating unit metering sec-

tion, and of the heating unit guard
b) insulation of the apparatus;

c) thermal diffusivity, water vapou
and thickness of the specimen;

section;

I permeability

d) test temperatures and environment during test;
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e) temperature and moisture contents of the
specimen(s) at the beginning of the test.

Operation in vacuum may also greatly increase the
time required for the apparatus and specimen to
reach thermal equilibrium (due to outgassing of the
apparatus and specimen, and to the thermal
diffusivity of the specimen being frequently low in
such tests).

The effect of some of these are discussed in (18] and
{20},

3.3.9 Final mass and thickness
measurements

Upon completion of the observations in 3.3.8, meas-
ure the mass of the specimen(s) immediately. It is
also strongly recommended that the operator should
repeat the thickness measurement and report any
specimen volume change.

3.4 Procedures requiring multiple
measurements

As a general gujdeline, control systems can strongly
reduce the tim¢ to reach the thermal equilibrium,
but little can be [done to reduce the time to reach the
moisture-content equilibrium.

Where a more accurate estimate of settling time is
not possible, ol where there is no test experience
on similar spec|mens in the same apparatus at the
same test conditions, compute the following time
interval At:

At = (ppcpdy|+ pscsd)R

where

Pp is thp density of the heating unit metal
plate

[ is the specific heat of the heating unit
meleI plate;

d, is the thickness of the heating unit metal
plate]

Ps is the density of the specimen;

Cs is the specific heat of the specimen;

d is the thickness of the specimen,;

is thg thermal resistance of the speci-
men.

Make observatipns as in-3.8.5 and 3.3.7 at intervals
equal or larger|than the time interval At until four
successive sets|of observations give thermal resist-
ance values whjch” do not differ by more than 1 %
and are not changing monotonically in one direction.

3.4.1 Procedures to assess specimen
homogeneity

One way to try to estimate the‘error due|to non-
homogeneity is to comparet/the results [for two
specimens from the same §ample, selected so that
they have as widely different a structure rear the
edges of the metering_area. If the two ektremes
cannot be identified, ‘@ number of specimgns may
have to be tested:

When the variations in structure occurs over small
distances, it may be possible to use a single speci-
men cut Jdarger than the apparatus. This over-size
specimeén is tested twice, in each case With the
specimen carefully positioned so that the ¢dges of
the’metering area are exposed to the two ektremes
in structure. The two results are then compéred and
the difference credited to distortion. The portion of
the specimen(s) protruding from the apparatus
should be well insulated in the two tests td reduce
the possibility of the exposed section ingreasing
edge losses. The size and thickness of the specimen
affects the size of the variations in structyre than
can be accommodated. The larger the retering
area, the smaller the effect on the results. Tle effect
of distortion may either increase or decreqse with
specimen thickness.

When direct thermal short circuits exist between the
surfaces of the specimens, the effect can |best be
identified by breaking the thermal paths, eqpecially
when the connection surfaces can be discopnected
from the rest of the path. Sheets of thermally insu-
lating materials can be used at the critical gurfaces

Continue these observations until at least 24 h have
elapsed since the beginning of the steady-state
conditions so defined whenever an accurate esti-
mate of settling time is not possible or whenever
there is no test experience on similar specimens in
the same apparatus at the same test conditions.

It may be helpful, to check the attainment of steady-
state conditions, to record temperature differences
and/or voltage or current through the metering sec-
tion heater when its temperature is automatically
controlled.
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1o provide the break.

Sheets made of finely ground cork, or a similar
material 0,002 m or more thick, work well. The sur-
faces must be ground to the same degree of flatness
as the heating unit (see 2.1.1.1). The thermal resist-
ance of these sheets can be determined in separate
measurements.

It is difficult to assess accuracy for these test condi-
tions. It is not practical to assess homogeneity up to
a level comparable to the accuracy of the method,;
detected differences shall have a physical imeaning
and shall not be just measurement errors.
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The net change in thermal resistance of the speci-
men, due to thermal shorting, can thus be deter-
mined. If greater than 1 %, another measurement
should be made with thicker sheets interposed.

It is also possible to evaluate the effect of thermal
field distortion through the use of analysis and
computation. Reference to the particular method or
methods used to determine these effects should be
given in the report. Differences in measurements of
the heat transfer properties of less than 2 % may
be considered insignificant for the purposes of this
International Standard.

ISO 8302:1991(E)

The thickness at which this occurs will vary accord-
ing to the densities, types and forms of different
materials, products and systems for different mean
temperatures.

Thermal transmissivity then characterizes the mat-
erial, product or system for thicknesses above which
the transfer factor differs by less than 2 % from 4,.

Allowance for experimental errors must be made in
the interpretation of results. Least-square curve fit-
ting of R versus d may also help. A larger number
of specimens may be used where greater definition

3.4.2 Prpcedure to determine the minimum
thickness for which heat transfer properties of
the material may be defined

Select a sample uniform in density and density dis-
tribution, with the thickness ds equal to the greatest
thickness |of the material to be characterized or
equal to the maximum allowable thicknes for the
test apparjatus.

Cut five séts of specimens from the sample ranging
in thicknefs from the smallest likely to be used in
practice if] approximately equal increments. The set
of specimens shall be designated s, to 55 according
to their regpective thicknesses d; to d;.

For very Jow density materials, density gradients
can exist,|due to the mass of the specimen itself;
check uniformity also with reference to this param-
eter.

For low dgnsity materials where heat is transferred
by radiatign and conduction mechanisms'and where
the abseace of convection has been verified, the

slope of g plot of thermal resistance versus thick-
ness will ery frequently dimipish/upto1 cmto 2 cm
and then will remain constant’as the thickness in-
creases. Tlhe reciprocal ofthis constant slope is the
thermal transmissivity 4o be assigned to high thick-
ness spec|mens.

Measure the thickness and thermal resistance of s,,
s; and s af the.same mean temperature and with the
same température difference across the specimen.

. .
TS TEQUITEU:

Thickness dependence may beca<fuljction of tem-
perature difference across the“specimens. For the
purposes of this method, thelabove ¢hecks, if per-
formed at typical operating-temperatute differences,
shall be adequate to_indicate the dejgree of thick-
ness dependence.

3.4.3 Procedure to determine dependence on
temperature‘difference

If the temperature-difference dependence of the heat
transfer properties is not known for |a material, a
minimum of three measurements s necessary.
These are made with widely differing temperature
differences. A second-order dependeijce can be re-
vealed by these measurements. Wher a simple lin-
ear relationship is known to occpr, only two
measurements, that is, one extra, nged be made.
This establishes the linear dependence for that par-
ticular specimen.

3.5 Calculations

3.5.1 Density and mass changes

3.5.1.1 Densities

Calculate the density py and/or p, of the conditioned
specimen as tested, as follows:

Plot the thermat—Tesistante—versus—thickness—if
these three values differ from a straight line re-
lationship by less than + 1 %, the slope of the
straight line shall be computed. If the three values
differ by more than 1 %, then similar measurements
shall be made on s, and s, to check if there is a
thickness above which the thermal resistance does
not differ from a straight line by more than 1 %.

If this thickness exists, the slope of the straight line
shall be determined to compute a thermal
transmissivity 1, = Ad/AR defined as the ratio be-
tween the increments of thickness, Ad, and incre-
ments of the thermal resistance, AR.

M,
Pd = 1/
M,
Ps ="y
where
Pd is the densily of the dry material as
tested, in kilograms per cubic metre;
s is the density of the material after a more

complex conditioning procedure (very
frequently up to the equilibrium with the
standard laboratory atmosphere), in kilo-
grams per cubic metre;
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M, is the mass of the material after drying,
in kilograms;

M; is the mass of the material after a more
complex conditioning procedure, in kilo-

grams;

V is the volume occupied by the material
after drying or conditioning, in cubic me-
tres.

3.5.1.2 Mass changes

differ by more than 1 % from those derived from the
four sets described in 3.3.8.

Compute the thermal resistance, R, in square me-
tres kelvin per watt, using the following formula:
T\ =T,
R=——+—~4
¢

or the transfer factor, 7 in watts per metre kelvin,
using the following formula:

A

Calculate the felative mass change of the material ATy = 1y)
as received dug to the drying, m,, or due to a more
complex conditioning procedure, m.: where
_ M, -|M, ¢ is the average power|supplief to the
T M‘— metering section of’the heating unit, in
watts;
M, —|M,
=M T, is the average specimen(s) hot $ide tem-
perature, inckelvins;
where 7, is theld@verage specimen(s) dold side
M, is the mass of the material in as- terghevature, in kelvins;
received condition, in kilograms; A is'the metering area as defined in 1.7.6
M. and Md are as defined in 3.5.1.1 and 2.1.1.3 , in square metres. [For two-
2 3 AR specimen apparatus, the metering area
When required| by the specifications, or when it is deﬁr!eq in 176 and 2.1.13 must be
considered usgful to evaluate the test conditions multiplied by two;
correctly, besides m,, calculate the following relative d is the average specimen(s) thickness, in

mass change fny due to the conditioning after the
drying:
M; —| M,

M

Calculate the relative mass regain, m,,,-of the spec-
imen during th¢ test, in relation to the'mass imme-
diately before the test, with the equation:

M, - My
M

M, is the mass of material in the specimen
immIediately after the test, in kilograms;

metres.

If conditions described in 1.8.2 and 1.8.3 dre appli-
cable, compute either thermal transmissivity, 4,, or
thermal conductivity, 1 (or thermal re¢sistivity,
r=1/2), using the following formula:

¢d

} or,l:——,—.———,—,—-
' A(Ty=T))

where ¢, A, T, T, and d are as defined abgve.

3.6 Test report

If results are to be reported as having been pbtained
by this method, then all requirements laid flown for

M;  is the mass of dried or conditioned mat-
erial in the specimen immediately before
the test (it is either M;=M, or
Mg = M,), in kilograms.

3.5.2 Heat transfer properties

To make all the computations, use average values
of the observed steady-state data. The four sets of
observations described in 3.3.8 shall be used in the
computations; other sets of observations during the
steady-state can be used as long as the heat trans-
fer properties derived from each of these sets do not
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this method shall be met. Where such conditions are
not met, a statement of compliance should be
added, as required in 3.6.19.

The report of the results of each test shall include
the following (the numerical values reported shall
represent the average values for the two specimens
as-tested or the value of a specimen for single-
specimen apparatus).

3.6.1 Name and any other pertinent identification
of the material, including a physical description
supplied by the manufacturer.
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3.6.2 Description of the specimen and its relation-
ship to the sample, supplied by the operator. Con-
formance to a material specification where

Method of snecimen nrenaration for

annlicahle
a VietnCG Of specimen preparaliicn 10t

ppHitavic.

loose-fill materials.

3.6.3 Thickness of the specimens in metres, spec-
ifying if either imposed or measured. Criteria to de-
fine the imposed thickness.

3.6.4 Method and temperatures of conditioning.

1SO 8302:1991(E)

3.6.13 Orientation of the apparatus; vertical, hori-
zontal, or any other orientation. In the case of single
specimen apparatus, the position of the hot side of

the specimen when not vertical: inn bottom or anvy
wie Q'\J\/\Allllv LI A AR} Vo uieeQn., LA 4SS AR R I ] ) u'l’

other position.

3.6.14 For tests made using sheet materiai inter-
posed between the specimen and the apparatus
surfaces or for tests made using water-vapour tight
envelopes, information shall be given on the nature
and thickness of the sheet material or of the envel-
ope.

3.6.5 Dgnsities of the conditioned material as
tested, in|kilograms per cubic metre.

3.6.6 Ril‘ative mass changes during drying and/or
conditioning (see 3.5.1).

3.6.7 Rellative mass change during test (see
3.5.1). Ofserved thickness (and volume) changes
during tedt (see 3.3.9).

3.6.8 Average temperature difference across the
specimen(s) during the test and procedures for its
determingtion (see 2.1.4.1.3), in kelvins or degrees
Celsius.

3.6.9 Magan temperature of test, in kelvins or de-
grees Celpius.

3.6.10 Density of heat flow-rate through the
specimen(s) during test, in watts per square metre.

3.6.11 Thermal resistance, in square metres kelvin
per watt gr transfer factor in watts perumetre kelvin
of the specimen(s). Where applicable;*the thermal
resistivity] in metres kelvin per watt/ thermal con-
ductivity gr thermal transmissivjty in’watts per metre
kelvin, anld range of thicknesses for which these
values haje been measured\of are known to apply
(see 3.4.2).

3.6.12 Dpte of completion of the test; duration of
the full tegt and of\the steady-state part of the test if
such information~can help in interpreting results.

Information shall be given on the typjz and arrange-
ment of temperature sensors (when iIsed) to deter-
mine the temperatiure across the
specimen.

unlevcm,e

3.6.15 Type of guardedhot plate apparatus used,
with one or two specimens. Method tp reduce edge
heat losses. Ambient temperature of the environ-

ment surroundipg.the apparatus durin

g test.

3.6.16 Type and pressure of gas sdlrrounding the

specimend{and type of gas used for p

3.6.17 A graphical representation o
tiie reports shail be given when periir
consist of a plot of each value of the
erties obtained versus the corresp
temperature of test, plotted as (

rging, if any.

the results in
ent. This shaii
thermal prop-
onding mean
rdinates and

abscissae respectively. Plots of thermal resistance
or transfer factor as a function os specimen thick-

ness are also very useful.

3.6.18 The inclusion within the repoprt of a state-
ment on the maximum expected errorfin a measured

property is strongly recommended.

When one or

more of the requirements stated in this International

Standard is not fulfilled (see also
statement of compliance),
complete estimation of the errors
property be included in the report.

3.6.19 on the

it is sugpested that a

in measured

3.6.19 Where circumstances or regyirements pre-

clude complete compliance with the
the test described in this Internatic
agrpm‘i pyrp'minne may be made bhut

procedure of
nal Standard,
must be spe-

cifically explained in the report. A suggested word-

ing is: “This test conformed with all requirements of

Standard Test Method ISO 8302 with the exception
f ... (a complete list of the exceptions follows).”
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Clause
1.1

1.1

153
153
163
1.71

1.7.3
1.7.3
1.7.6
1.7.9
1.7.9
1.7.9
1.82
1.8.2

1.8.3.1

21.1.1

2112

21.1.2
2.1.1.2; 2.3.6;
32233

2113
2.1.1.5

21.2
213

21411
21411
2.1.41.2

21412

21.4.1.2

34

Annav A
Minniven ™M

(normative)

Limit values for apparatus performance and testing conditions

Description Value
Minimum measurable thermal resistance in a guarded hot plate appa-
ratus 0,1 m<-K/
Minimum measurable thermal resistance in a guarded hot plate appa-
ratus accepting derated accuracy 0,02 m2) K/W
Expected guarded hot plate method accuracy (at room temperature) 2 %
Expected guarded hot plate method accuracy (full temperature range) 5 %
Expected reproducibility (specimen removed and mounted again) 1%
Maximum thermal resistance for rigid specimens requiring special
techniques to measure surface temperatures 0,1 m2 -K/W|
Lower limit for temperature differences measured differentially 5K
Lower recommended limit for temperature differences 10K
Minimum specimen thickness related to gap width 10 times
Suggested apparatus sizes 0,3 m; 0,5 m|
Suggested apparatus size (only for homogeneous meterials) 02m
Suggested apparatus size (only to assess thickness éffect) 1Tm
Maximum size for inhomogeneities related to specimen thickness 1710
Maximum ratio of thermal conductivity in the directions perpendicular
and parallel to specimen thickness in anisotropic specimens P
Limit for transfer factor changes with thickness to assign thermal
transmissivity to the material 2%
Maximum departure from a plane of-an apparatus surface or of the
surfaces of rigid specimens 0,025 %
Required heating unit tempgrature uniformity related to temperature
difference through the spécimen 2%
Maximum temperature difference between the average temperature of
the opposite surfacegs-of the heating unit 0.2 K
Minimum total hemispherical emittance for any surface in contact with
the specimen 0.8
Maximum dgap“area related to the metering section area 5%
Maximum.distance of imbalance sensors from the gap, related to the
side or diameter of the metering section 5%
Required uniformity and stability of the cooling unit temperature related
to.the temperature difference across the specimen 2 %
Maximum heat flow-rate through the wires, related to heat flow-rate
through the specimen 10 %
Suggested maximum diameter for thermocouples to detect imbalance 0,3 mm
Maximum allowed imbalance error 0,5 %
Required accuracy in the measurement of temperature difference be-
tween heating and cooling unit 1%
Minimum electrical resistance between unshielded temperature sensors
and apparatus metal plates 100 MO
Minimum number of temperature sensors on each side of the metering
section (whichever is greater) 10/A or 2
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Clause
2.1.4.1.3

21414

21414

21414
2.1.41.4

Description

Minimum thermal resistance for non-rigid specimens to use permanently
mounted temperature sensors to measure the temperature difference
across the specimen

Maximum thermocouple diameter when mounted in the surface of the
plates to measure temperature differences between heating and cooling
units

Suggested maximum thermocouple diameter when mounted as above
in the surface of small size plates

Suggested standard errors for thermocouples
Suggested standard error for thermocouples between 21 K and 170 K

21414 Mayimum resulting error in the measurement of temperature differences

2.1.4.2
2143

2143
215

224

245

321

3.2.1
32221

3.2.2.21

322241

322241

32231

32233

3.3.1
3.34.1

3.3.4.1

3.3.5

ISO 8302:1991(E)

Value

0,5 m2 ‘-K/W

0,6 mm

0,2 mm
See tableB.1
1%

1 %

Required accuracy in the measurement of specimen thickness

Required accuracy of electrical measurements on temperature sensors,
related to the temperature difference across the specimen

Required accuracy in the measurement of electrical power

Maximum suggested apparatus pressure on the specimen for most in-
sulating materials

Maximum probable error as percentage of total error

Maximum ratio between the edge to mean specimen temperature dif-
ference and temperature difference through the specimen {for'best ac-
curacy)

Maximum thickness difference for two specimens to bexmounted in a
two-specimen apparatus

Maximum value for the sum of imbalance and edge heat loss errors

Maximum deviation from parallel planes for specimen surfaces, related
to specimen thickness

Maximum resistance of interposed sheetsiwith respect to the specimen
resistance

Minimum resistance for rigid specimens to measure temperature differ-
ence through apparatus thermocguples (recommended for specimen
resistances between 0,1 m2_ KW and 0,5 m?2 ‘-K/W and for rigid speci-
mens)

Minimum number of thérmocouples on each side of the specimen
(whichever is greater-of the two criteria)

Minimum suggested)ratio between specimen thickness and mean di-
mension of beads,.grains, flakes, etc.

Maximum specimen thickness for plastic sheets in method B for loose-fill
materials

Required, accuracy in the determination of specimen mass

Minimmum required difference between air dew point and cooling unit
temperature

Suggested range for the above difference in inter-laboratory compar-
isons

Accuracy in the measurement of average electrical power supplied to

05 %

02 %
o1 %

2)5 kPa
50 % to 75 %
0,1,(0,02)

P %
05 %

P %

0,1

0,1 m2 -K/W
104 A or 2
10, hetter 20

50 pm
015 %

5 K

5Klto 10 K

335

3.3.6

338

3.3.8

3.4.1

the metering section

Maximum allowed temperature fluctuations of the heating unit (related
to the temperature difference between heating and cooling units) due to
fluctuations of input power

Maximum difference between the temperature differences through the
two specimens in a two-specimen apparatus

Maximum resistance change in four successive sets of observations to
assess steady-state attainment

Minimum time elapsed since steady-stale beginning, for unknown testing
conditions, to complete observations

Change in thermal resistance in specimens containing short circuits re-
quiring measurements with thicker sheets

0,2 %

0,3 %

2%

1 %

24 h

1%
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Clause
3.4.1

342

3.4.2

36

Description Value
Minimum difference in measured properties to consider a specimen as
non-homogeneous 2%
Maximum acceptable difference from a linear relationship versus thick-
ness for thermal resistance to compute the interpolating line slope 1 %
Maximum difference for transfer factor at different thicknesses to be
assumed as thermal transmissivity 2%



https://standardsiso.com/api/?name=a11d57d39683f0897807ed89691a38bf

