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| Introduction

0.1 Document subdivision
This International Standard is divided into three sectiq
the most comprehensive assembly of information req
heat flow meter apparatus:

ns representing
hired to use the

Section 1: General considerations
Section 2: Apparatus and calibration

Section 3: Test procedires

While the user of the’ method may need to conc
section 3 for test pufposes, he must also be familiar w
in order to obtainxaccurate and precise results. He mu
knowledgeable_about the general requirements. Sect
towards the:constructor of the apparatus, but he also,
good apparatus, must be familiar with the other section

entrate only on
th the other two
5t be particularly
on 2 is directed
in order to build
S.

0.2 Heat transfer and measured properties

us materials. In
/olve a complex

A’ large number of tests are run on light-density pordg
such cases the actual heat transfer within them can in
combination of different contributions of

— radiation;

— conduction both in the solid and in the gas phase;

— convection (in some operating conditions);

plus their interaction, together with mass transfer, esj
materials. Therefore, the heat transfer property, very

becially in moist
bften improperly

called “thermal conductivily”, calculated from a defined

resuits o measurements Ol heat transter rate, temper

formula and the
ature difference

and dimensions for a specimen may be not an intrinsic property of the
material itself. This property, in accordance with 1SO 9288, should
therefore be called the “transfer factor” as it may depend on the test
conditions (the transfer factor is often referred to elsewhere as apparent
or effective thermal conductivity). The transfer factor may have a signif-
icant dependence on the thickness of the specimen and/or on the tem-
perature difference for the same mean test temperature.

Heat transfer by radiation is the first source of dependence of the
transfer factor on specimen thickness. As a consequence, not only the
material properties but also the radiative characteristics of the surfaces
bounding the specimen influence results. Thermal resistance is there-
fore the properly that better describes the thermal behaviour of the
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specimen, pr

bounding sur

ovided that it is accompanied by information on the
faces.

If there is any possibility of the onset of convection within the specimen

(e.g. in light

mineral wool for low temperatures), the apparatus orien-

tation, the thickness and the temperature difference can influence both
the transfer factor and the thermal resistance. In such cases, as a min-
imum it is required that the geometry and the boundary conditions of the
specimen tested be fully specified, even though information supplied in

the test proc

edures -does not cover these test conditions in detail. In

addition, it will take considerable knowledge to evaluate the measure-
ment as such, especially when applying the measured values in prac-

tice.

The influence
a measurem
therefore oug
urements on
in detail in th

The knowled
when a heat
to predict the
plication ev

e
this behaviOLTr.

0.3 Backgt

The design a
apparatus (s

of moisture within a specimen on the heat transfer during

bnt is also a very complex matter. Dried specimens only
ht to be tested according to standard procedures. Meas-
moist materials need additional precautions not covered
s International Standard.

je of the physical principles is also extremely important
transfer property, determined by this test method, is used
thermal behaviour of a specific material in a practical ap-
though other factors such as workmanship can influence

ound required

nd subsequent correct operation of a heat flow metef(HFM)
e 1.6.1 and 2.2.2) to obtain correct results and*the inter-

pretation of ¢xperimental results is a complex subject requiring great
care. It is redommended that the designer, operator and.user of meas-
ured data of the HFM apparatus should have a thorough*background of
knowledge of heat transfer mechanisms in the materials. products and

systems bei
temperature
oratory pract
be maintaine

The in-depth

g evaluated, coupled with experience of electrical and
mmeasurements particularly at low.'signal levels. Good lab-
ce in accordance with general test/procedures should also
o

knowledge in each area-cited may be different for the de-

signer, operator, and data user.

0.4 Design

Many differer
conform to p
opment is in

size, and national standards

t designs of‘heat flow meter apparatus exist worldwide to
resent national standards. Continuing research and devel-
progress/to improve the apparatus and measurement

techniques. Tlhus, itsis not practical to mandate a specific design or size

of apparatus

0.5 Guideli

Considerable

especially as total requirements may vary quite widely.

nes supplied

latitude both in the temperature range and in the geom-

etry of the apparatus is given to the designer of new equipment since
various forms have been found to give comparable results. It is rec-
ommended that designers of new apparatus carefully read the compre-
hensive literature cited in annex E. After completion of new apparatus
it is recommended that it should be checked by undertaking tests on one
or more of the various reference materials of different thermal resist-

ance levels n

ow available. This International Standard outlines only the

mandatory requirements necessary to design and operate heat flow
meter apparatus in order to provide correct results. A table summariz-
ing limit values for the apparatus performance and testing conditions

vi


https://standardsiso.com/api/?name=9d9d6061b64de8fbc4d0afe51ff14da3

ISO 8301:1991(E)

stated in this International Standard is supplied in annex A. It also in-
cludes recommended procedures and practices plus suggested speci-
men dimensions which together should enhance general measurement
levels and assist in improving inter-laboratory comparison and
collaborative measurement programmes.

vii
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INTERNATIONAL STANDARD

ISO 8301:1991(E)

Thermal insulation — Determination of steady-state thermal
resistance and related properties — Heat flow meter

apparatus

Section 1:
11 S$Scope
1.1.1 [This International Standard defines the use

of the heat flow meter method (see 2.2.2) to measure
the steady-state heat transfer through flat slab
specimens and the calculation of the heat transfer
properjies of specimens.

This is|a secondary or relative method since the ra-
tio of the thermal resistance of the specimen(s) to
that of ja standard specimen(s) is measured.

Reportp conforming to this standard test method
shall refer to specimens with thermal resistance
greater than 0,1 m2-K/W provided:*that thickness
limits diven in 1.7.2 are not exceeded.

1.1.2 |If the specimens (satisfy the requirements
outlined in 1.8.1, the resultant properties shall be
descrijed as the thermal conductance and thermal
resistapce of the speeimen.

1.1.3 |If the specimens satisfy the requirements of
1.8.2, the resSuitant properties shall be described as
the mgan _thermal conductivity of the specimen be-
ing evaluated

General

of this International Standard. At the time of publi-

cation,~the editions indicated wer
dards “are subject to revision,
agréements based on this Intern
are encouraged to investigate the
plying the most recent editions of
dicated below. Members of IEC a
registers of currently valid Internat

ISO 7345:1987, Thermal insulation ¢

tities and definitions.

ISO 8302:1991, Thermal insulation

e valid. All stan-
and parties to
ational Standard
possibility of ap-
he standards in-
nd ISO maintain
onal Standards.

- Physical quan-

- Determination

of steady-state thermal resistance @nd related prop-

erties — Guarded hot plate apparat

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

ISO 9251:1987, Thermal insulation
conditions and  properties  of
Vocabulary.

ISO 9288:1988, Thermal insulation —
radiation — Physical quantities and

/S.

- Materials, pro-

-— Heat transfer
materials —

- Heat transfer by
definitions.

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

1.2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions

1) To be published.

TSO 93461987, Thermal insulation
- Physical quantities and definition

1.3 Definitions

-- Mass transfer
S.

For the purposes of this International Standard, the

following definitions apply.

The following quantities are defined in ISO 7345 or

ISO 9251:
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Quantity Symbol Units
Heat flow-rate @ W
Density of heat flow-rate q W/m?2
Thermal resistance!) R m2 -K/W
Thermal conductance A W/(m2 -K)
Thermal conductivity? A W/(m-K)
Thermal resistivity r m-K/W
Porosity ¢
Local porosity ¢,

parallel, flat isothermal faces and by
edges perpendicular to the faces, that is
material thermally homogeneous,

adiabatic
made of a

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 A or [1] conslant or a

linear function of temperature.

1.3.5 transfer factor of a specimen: Is defined by

(074 q d
4

1) In some y to constder
also the temperature difference divided by the heat
flow rate; no|special symbol is assigned to this quan-
tity, sometimes also called resistance.

2) In the mqgst general case (? and grad 7 do not

= 4
have the same orientation (4 is not defined through a
single constgnt 1 but through a matrix of constants);
moreover cdnductivity changes while changing pos-
ition within the body, while changing the temperature
and changes|with time.

The following| definitions related to material proper-
ties are giver] in ISO 9251:

porous medium
homogengous medium
homogengous porous medium
heterogeneous medium
isotropic medium

anisotropit medium

stable mefium

Other terms not defined in ISO 7345 or ISO 9251;
1.3.1 thermally homogeneous mediumyis‘one in

=4
which therm3gl conductivity [1] is ot a function of

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

1.3.2 thermTy isotropic.medium: Is one in which

2
thermal condyictivitysfA4] is not a function of direction
but may be alfunction of the position with the me-

dium, of time'and-—¢ 3
through a smgle value l in each pomt)

1.3.3 thermally stable medium: Is one in which

=%
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: Is
the property defined in steady-state conditions in a
body that has the form of a slab bounded by two

It depends on experimental condition's and charac-

terizes a specimen in relation lwith the
conduction and radiation heat transfer.

combined
It is often

referred to elsewhere as nigasured, equijalent, ap-
parent or effective thermal conductivity ¢f a speci-

men.

1.3.6 thermal transmissivity of a materigl: It is de-

fined by

Ad

A= AR

W/(m-K)

when(Ad/AR is independent of the thickness d. It is

independent of experimental conditions a
terizes an insulating material in relation
bined conduction and radiation.

transmissivily can be seen as the limit r
the transfer factor in thick layers where

hd charac-
with com-

Thermal
epached by
combined

conduction and radiation heat transfer takes place.

It is often referred to elsewhere as equiyalent, ap-
parent or effective thermal conductijity of a
material.

1.3.7 steady-state heat transfer property:

Generic

term to identify one of the following properties:

thermal resistance, transfer factor, therm
tivity, thermal resistivity, thermal tran
thermal conductance, mean thermal cond

1.3.8 room temperature: Generic term tg

mean test temperature of a measuremen

hl conduc-
sMissivity,
ictivity.

identify a
such that
table if it

a man in a room would regard |t comfo

1.3.9 ambient temperature: Generic term

to 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 withi

n 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 on a heat flow meter apparatus and for
the presentation through a report of measured re-

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

1.3.12 designer: Person who develops the
constructional details of an apparatus in order to

1.4 Symbols and units

ISO 8301:1991(E)

meet predefined performance limits for the appara-
tus in assigned test conditions and who identifies
test procedures to verify the predicted apparatus
accuracy.

Symbol - Quantity Units
A Area measured on a selected isothermal surface, or metering area m?2
s Specific heat capacity J/(kg-K)
d Thickness of specimen measured along a path normal to isothermal
surfaces m
d d’ Thickness for each specimen in a two-specimen configuration HEMZap- m
paratus
d, Mean thickness of a pair of two specimens m
dy,dy, .., ds Thickness of specimens designated s, , 5, , ..., S5 m
D, Maximum allowable distance between hot and cold plates during the test m
e Heat flow meter output mV
S/ Calibration factor of the heat flow meter W/(mV-m2 )
L Length of the side of heat flow meter(s) m
L Length of the side of heat flow meter metering area m
m Relative mass change after conditioning -
my Relative mass change due to conditioning after drying —
n, Relative mass change after drying -
m,, Relative mass change of a;specimen during the test -
M, Mass in as-received condition kg
M, Mass after drying kg
M, Mass after conditioning kg
M, Mass after test kg
Ms Mass of dried or conditioned material, immediately before test kg
q Density of heat flow-rate W/m?2
q.,q9" Density of heat flow-rate for each specimen in a two-specimen config-
uration HFM apparatus W/m?2
r Thermal resistivity m-K/W
Favg Average thermal resistivity in a two-specimen configuration HFM appa-
ratus m-K/W
R Thermal resistance m2 -K/W
R, Thermal resistance of the standard specimen m2 -K/W
Ry Thermal resistance of the unknown specimen m2 -K/W
R, Total thermal resistance in a two-specimen configuration HFM apparatus m2 -K/W
o N— . . o _
y Transfer factor of a specimen W/(m-K)
T, =Ty + T,)2 Mean temperature K
7, 7", Hot side temperatures for each specimen in a two-specimen configura-
tion HFM apparatus K
T,, T, Cold side temperature for each specimen in a two-specimen configura-
tion HFM apparatus K
T Mean temperature of specimen (’) in a two-specimen configuration HFM
apparatus K
T, Mean temperature of specimen (”’) in a two-specimen configuration HFM
apparatus K
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Symbol
1/4
Ad

6d = (d —d" )2

64

8T, = (T =T )2
8T = (AT —AT" )/2

)

p
()

Quantity
Volume
Increment of thickness

Mean thickness difference of specimens (‘) and (") in a two-specimen
configuration HFM apparatus

Deviation of thermal conductivity at mean temperature 7, of specimens
(") and ()

Mean deviation between the mean temperature of specimen (’) and (")

Mean deviation between the temperature differences of specimens (’)
and (")

Increment of thermal resistance

Units
m3

m
m

W/(m-K)

Temperature differences for each specimen (') and (*") in a two-specimen
configuration HFM apparatus

Sensitivity coefficient of the HFM

Heat flow-rate

Heat flow-rate with unknown specimen

Heat flow rate with “standard” or “reference” specimen
Thermal conductivity

Thermal conductivity for each specimen (') and ("")dn a two-specimen
configuration HFM apparatus

First order temperature derivative of 1 (T)
Second order temperature derivative of 2¢(T)

Average thermal conductivity in a two-specimen configuration HFM ap-
paratus

Mean thermal conductivity of a specimen or thermal conductivity at the
mean temperature 7,

Mean thermal conductivity of\specimens (') and (") measured in a
guarded hot plate apparatus

Thermal transmissivity ©f'a material

Thermal conductance

Density of the dry material as tested

Density of the\ymaterial after conditioning

Product of.as-tested density and specific heat of the specimen
Porosity

Local porosity

Indexes used to refer to properties of the first and the second specimen
in a two-specimen configuration HFM apparatus

m\{/(W-m2 )

=

/(m-K)
W/(m-K)
WI(m-K2)
WI(m-K3)

W/(mK)

s

/(m-K)

s

/(m-K)
/(m-K)
WI(m?2 -K)
cg/ms3

b

:g/m3
Jfm3 -K)
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1.5 Significance

1.5.1 Factors influencing thermal properties

The thermal transmission properties of a specimen
of material may

— vary due to variability of the composition of the
materials or samples of it;

— be affected by moisture or other factors;

ISO 8301:1991(E)

1.5.3.1 The reproducibility of subsequent measure-
ments made by the apparatus on a specimen main-
tained within the apparatus without change in test
conditions is normally much better than 1 %. When
measurements are made on the same reference
specimen removed and then mounted again after
long time intervals, the reproducibility of measure-
ments is normally better than + 1 %. This larger
figure is due to minor changes in test conditions
such as the pressure of the plates and heat flow
meter on the specimen (that affects contact resist-
ances), and the relative humidity of the air around
the specimen (that affects its moisture content).

— chdnge with time;
— chdnge with mean temperature;

— depend upon the prior thermal history.

It must be recognized, therefore, that the selection
of a typical value of heat transfer properties repre-
sentative of a material, in a particular application,
shall He based on a consideration of these factors
and wlll not necessarily apply without modification
to all gervice conditions.

As an|example this method provides that the heat
transfdr properties shall be obtained on dried spec-
imens, although in service such conditions may not
be realized. Even more basic is the dependence of
the helat transfer properties on variables such as
mean femperature and temperature difference. Such
depengience should be measured or the test made
under fonditions typical of use.

1.5.2 | Sampling

Heat transfer properties need adequate information
to be |considered representative of a material. A
heat transfer property of acmaterial can be deter-
mined|by a single measutement only if the sample
is typigal of the materialCand the specimen(s) is (are)
typicallof the sample¢

The pfocedure -for  selecting the sample should
normally be specified in the material specification.
The seflection.of the specimen from the sample may
be partly §pecified in the material specification.

Thesetevets of Teproducibitity arejrequired to iden-
tify errors in the method and are desirable in quality
control application.

1.5.3.2 The accuracy of the calibr
meter apparatus is nermally within
mean temperature-ofithe test is ne
perature.

ation of heat flow
+ 2 % when the
ar the room tem-

The accuracy-of calibration is mai;lﬂy due to the ac-

curacy of,the guarded hot pla
measuring'the properties of refere

e method when
nce specimens.

15.3.3 As a consequence this method is capable

of “"determining the heat transfer

properties within

¥ 3 % when the mean temperatyre of the test is

near the room temperature.

1.5.4 Calibration procedure

One of the following procedures shall be followed.

1.5.4.1 The test-laboratory appargtus shall be cali-
brated (see 2.4) within 24 h beforq or after the test
using calibration standards that Have been issued
by a recognized standard laborgtory. Stability of
calibration standards depends upgn the type of ma-
terial; some calibration standards| have been suc-
cessfully used over 20 years but it is suggested to

check them at least each 5 years.

The reported test

and the apparatus calibration tes{ shall be carried

out using approximately the same
temperatures as were used in the
of the standards.

hot- and cold-side
bificial calibration

As sampling is beyond the scope of this method,
when the problem is not covered by a material
specification, reference shall be made to appropri-
ate documents.

1.5.3 Accuracy and reproducibility

Evaluation of the accuracy of the method is complex
and is a function of the apparatus design, of the re-
lated instrumentation and of the type of specimens
under test. The accuracy and the calibration should
be a function of the reference material.

1.5.4.2 Where both short- and long-term stabilities
of the heat flow meter have been proved to be better
than + 1 % of the reading, the heat flow meter ap-
paratus may be calibrated at less frequent intervals,
for example 15 d to 30 d. The specimens so tested
cannot be reported until after the calibration follow-
ing the test and then only if the change in calibration
from the previous test is less than 1 9.

The average of the two calibrations shall be used
as the calibration factor and the specimens tested
with this value. When the change in calibration is
greater than + 1 %, test results from this interval
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shall be considered void and tests repeated in ac-
cordance with 1.5.4.1.

1.6 Principle

1.6.1 The heat flow meter apparatus tends to es-
tablish a unidirectional uniform density of heat flow-
rate which simultaneously crosses the central
metering area of one (or two) heat flow meter(s) and
the central area of one {or two nearly identical)
specimen(s) j
steady-state ¢onditions of constant mean temper-
ature and corstant temperature difference between
one heating upit and one cooling unit bordering the
assembly of the specimen(s) and heat flow meter(s).

1.6.2 This is|a secondary or relative method, since
the ratio of the thermal resistance of the
specimen(s) fo that of a standard specimen(s) is
measured. The thermal resistance of standard
specimen(s) must be determined separately in ac-
cordance with ISO 8302 on the guarded hot plate
apparatus.

1.6.3 The idgal condition of unidirectional density
of heat flow-rate cannot be obtained in the whole
area of the spgecimen and heat flow meter. This im-
plies that spegial attention must be given to

a) the problem of heat losses by the edges of the
specimen($) and heat flow meter(s);

b) the differepces between the geometrical (thick-
ness) and| thermal properties of the\'standard
specimen($) and of specimen(s) to(be measured:

c) the differepces in temperature~boundary condi-
tions (if any) between determination of thermal
resistance| of standard{ ‘specimen(s) in the
guarded hot plate appdratus and calibration pro-
cedure of|the heat\flow meter apparatus by
means of the standard specimen(s).

1.6.4 From the-measurement of the heat flow rate

1.6.5 The thermal conductivity of the specimen(s)
may be also computed if the conditions of the defi-
nition are met and the thickness d of the specimens
is known.

1.6.6 The application of the method is limited by
the capability of the apparatus of producing
unidirectional constant density of heat flow-rate in
the specimens and by the accuracy in the measure
of temperature, thickness, emf produced by heat
flow meter, etc.

1.6. pecimens,
as they are not exactly of the same thickngss (in the
case of two-specimen apparatus); nor’is the larger
surface ever perfectly flat, or perfectly’ pargaliel.

1.7 Limitations due to apparatus

The use of apparatus shall be limited to [a number
of factors related to the-calibration and tp the limi-
tations on specimen-hickness.

1.7.1 Limitations related to calibratiagn

The apparatus shall not be used at tenyperatures
other than those applied to the calibratiot]. If a cali-
bratien.curve has been established in a tefnperature
range; extrapolation is not allowed.

Particular attention shall be paid to use the appara-
tus for densities of heat flow rate comparable to
those applied at calibration. This is relaled to the
type of material to be tested, to the specifnen thick-
ness and to the temperature difference :I;Lring the
test.

1.7.2 Limitations related to specimer(s)
thickness

1.7.21 General

The combined thickness of the specimen(s), the heat
flow meter(s) and any damping materials{ which in
total equals the distance between the cold and hot
plates, shall be restricted in order to limit|the effect
of edge losses on the measurement of heat flow-
rate. A limiting geometry (see 1.7.2.2) musgt be cho-

@ with standard specimen(s) and @, with unknown
specimen(s) to be measured, the assumption of a
constant density of heat flow-rate of the metering
section and the assumption of the stability of tem-
perature difference AT and mean temperature T,
gives the ratio between thermal resistance Ry of the
standard specimen(s) and R, of the unknown
specimen(s) as follows:
R, @

R, @,

From this R is calculated.

sen that corresponds to the limiting geometry of a
specimen used in guarded hot plate apparatus, for
which the edge losses have been estimaled. The
edge losses are affected by the edge insulation and
the temperature of the ambient surrounding the
edge of the specimen.

1.7.2.2 Maximum spacing between hot and cold
plates

The maximum allowable distance between the hot
and cold plates during the test, Dy, is related to the
length of the side of the heat flow meter, /., the
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length of the side of the heat flow meter metering
area, L., the width of the non-metering area (/. —
L.,), the construction of the heat meter, and the
properties of the test specimen. No suitable theore-
tical analysis is available to predict the maximum
allowable thickness of specimens. It is necessary to
use the results of the analysis for the guarded hot
plate as a guide.

Documents [19] and [23] on guarded hot plate analy-
sis and annex C can provide some elements for this
estimation. -

In the
(see 2]1 and figure 1), the maximum value of the
specimen thickness is increased by 50 % to that
corresponding to the two specimens in symmetrical
configuration.

If a spg¢cimen thickness is beyond the limits of the
apparatus, tests should be performed using appara-

units, even small non-uniformities of the
of both the specimen_and the apparatus

n(s) and the working surfaces of the heating
and copling units and heat flow meter(s).

These ill cause non-uniform heat flow-rate distrib-
ution apd thermal field distortions within the speci-
mens; [moreoyer“they will make accurate surface
temperpture\/measurements difficult to undertake
without| the help of special techniques.
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may neither be unidirectional nor constant. 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.
It is hard to give reliable guidelines on the applica-
bility of the method in such cases. The major risk is
that edge heat loss errors, errors due to a non-
uniform temperature distribution within the heat flow
meter etc., that are now unpredictable, can vary in
an unpredictable way when non-homogeneities take
different relative positions within the specimen. The
result is that all the checks proposed in 3.4 can be
affected by systematic errors masking the true dif-

ferences related to the different{esis.

In some specimens the variation
occur over small distances.” This
thermal insulations.

In other specimens direcl thermal §
exist between th'e“surfaces of the s
tact with the‘unit(s) and heat flg
largest effect’ occurs when secti
which conduct heat readily, with ¢
area aop €ach side of the specime
by a\path of low thermal resistance
paths.

1.8.1.2

Thermal resistance or thermal con
a function of temperature differe
specimen. In the report. the range
differences that apply to the report

n structure may
s true for many

hort circuits may
hecimens in con-
w meter(s). The
ons of material
extended surface
h, are connected
relative to other

Influence of temperature difference

juctance may be
\ces across the
e of temperature
ed values of the

two properties must be defined or it must be clearly

stated that the reported value was
single temperature difference.

1.8.2 Mean thermal conductivit
specimen

In order to determine the mean the
or thermal resistivity of a specime
criteria of 1.8.1 shall be fulfilled. Th
be thermally homogeneous or hom
as defined in ISO 9251. Homogeneq
imens shall be such that any non-h

determined at a

y of a

‘mal conductivity
h (see 1.3.4), the
P specimen shall
bgeneous porous
us porous spec-
bmogeneity have

dimensions smaller than one-tenth

of the specimen

1.8 Limitations due to the specimens

1.8.1 Thermal resistance, thermal
conductance or transfer factor

1.8.1.1 Specimen homogeneity

When making measurements of thermal resistance
or thermal conductance of non-homogeneous spec-
imens, the density of heat flow-rate both within the
specimen and over the faces of the metering area

thickness. In addition, at any one mean temperature,
the thermal resistance shall also be independent of
the temperature differences established across the
specimen.

The thermal resistance of a material is known to
depend on the relative magnitude of the heat trans-
fer processes involved. Heat conduction, radiation
and convection are the primary mechanisms. How-
ever, the mechanism can combine or couple to
produce non-linear effects that are difficult to ana-
lyse or measure even though the basic mechanisms
are well researched and understood.
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The magnitude of all heat transfer processes de-
pends upon the temperature difference established
across the specimen. For many materials, products
and systems, the complex dependence will occur at
temperature differences which are typical of use. In
these cases it is preferable to use such a value and
to determine an approximate relationship for a
range of temperature differences. The dependence
can be linear for a wide range of temperature dif-
ferences.

Some specimens, while meeting the homogeneity
criteria, are anisotropic in that the component of

thermal cond
lel to the surf:
direction norn
mens this carf
loss errors.

ces is different to that measured in a
hal to the surfaces. For such speci-
result in larger imbalance and edge

1.8.3 Thermal conductivity, thermal resistivity

or thermal ty

1.8.3.1 Genel

In order to d
thermal resis
shall be fulfi
must be perfi
homogeneousg
measurement
terial, product
imens must

transfer factof

does not char
crease in thic

ansmissivity of a material

al

ptermine the thermal conductivity, or
ivity of a material, the criteria of 1:8:2
led. In addition, adequate sampling
brmed to ensure that the material is
or homogeneous porous and that the
5 are representative of the“whole ma-
or system. The thickness of the spec-
be greater than that“for which the
of the material,-product or system
ge by more than=2 % with further in-
ness.

1.8.3.2 Dependence on specimen thickness

Of the processes involved, only conduction produces
a thermal resistance that is directly proportional to
the thickness of a specimen. The others result in a
more complex relationship. The thinner and less
dense the material, the more likely that the resist-
ance depends on processes other than conduction.
The result is a condition that does not satisfy the
requirement of the definitions for thermal conduc-
tivity and thermal resistivity, both defining intrinsic
properties, since the transfer factors show a de-
pendence on the specimen thickness. For such
rerts T f rmine the
thermal resistance at conditions applicabje to their
use. There is believed to be a lowenlimiting thick-
ness for all materials below which 'such & depend-
ence occurs. Below this thickness, the |specimen
may have unique thermal heat transfer fgroperties,
but not the material. It remains, therefore) to estab-
lish this minimum thickness by measuremgents.

1.8.3.3 Determination.of minimum thickngss for
which heat transfér properties of the material may
be defined

If the minimum thickness for which th¢ thermal
transmissivity can be defined is not knpwn, it is
necessary to estimate this thickness. Thlere is no
established procedure for determination. 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 thickness in which a materigl is likely
to be used.

It is important to differentiate between added ther-
mal resistance in measurements caused by the
placement of the thermocouples below the surfaces
of the plates or heat flow meter, added fesistance
caused by poor specimen surfaces, and added
thermal resistance caused by the coupling of the
conduction and radiation modes of heat transfer in
the specimen(s). All three can affecl the [measure-
ments in the same way, and often the thrge may be
additive.
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Section 2:

2.1 General

The construction guidelines given in this section
must be fully understood by the user of this test
method. While it is mandatory that these details be
carefully followed when constructing an apparatus,
the user should also verify that the-equipment was
built as specified. Serious errors of measurement

ISO 8301:1991(E)

Apparatus and calibration

This may be achieved by placing an electrical wind-
ing of uniform specific power between two metal
plates or by circulating a constant-temperature lig-
uid between the plates or by a combination of both
or by other adequate means; (see [2]). Liquid-heated
metal plates need particular care in their design.
The worst case thermal load should be first defined,
then the liquid flow rate should be tentatively as-

could restttfrom ;yuuﬁuy this:

As stafed in 1.6, the general features of a heat flow
meter |apparatus with the specimen or the speci-
mens |installed are shown in figure1; they shall
consis} of a heating unit, one or two heat flow me-
ters, ope or two specimens and a cooling unit.

The copnfiguration a) in figure1 is called “single-
specinmpen asymmetrical”; the heat flow meter may
be plaged against either unit. The configuration b) is
called [ “single-specimen symmetrical”. The config-
uration c) is called “two-specimen symmetrical™; in
this case, the specimens should be substantially
identigal and cut from the same sample of material.

Each ¢onfiguration will yield equivalent results if
used within the limitations stated in this method.
There |are distinct advantages for each method .in
practige. A brief discussion is included in annex-B:
When more than one heat flow meter apparatis is
desiredl, a double apparatus can be constructed by
using {he other side of the heating unit d@nd adding
anothelr heat flow meter and a cooling. _unit. Exam-
ples of both single and double apparatus are de-
scribed in [2] to [7] and [16]; see alsofigure 1d) and
figure [le).

2.2 pparatus

The wprking surfaces_of the heating and cooling
units gnd the heat flow meter(s) (i.e. the surfaces
making contactwith the specimens) shall be painted
or otherwise {reated to have a total hemispherical
emittance .ofgreater than 0,8 at operating temper-
atures.

eignnri and in this situation the

difference between plate inlet and
evaluated to check whetherthe |
correct. For most fluid-path layouts
difference is larger than -any t
uniformity of the plate)The best r|
tained with helical ¢ounter-flow p
(see figure 2). Howeyer, in this cas
sistance between the fluid and
should be sufficiently high, otherw
ature noncuniformity can be ever
temperature difference between th
fluid. €or” information on the cor
liquid-cooled or liquid-heated me
ahd-114]. The temperature uniformi
surfaces of a heating or cooling u
meter apparatus may be even mo
a guarded hot plate apparatus, as

uid temperature
outlet should be
quid flow rate is
this temperature
emperature non-
esults will be ob-
aths for the fluid
e the thermal re-
the metal plate
ise plate temper-
larger than the
e inlet and outlet
rect design of a
tal plate, see [9]
y of the working
it in a heat flow
re critical than in
some heat flow

meters may be sensitive to tempernature differences

along their main surfaces; (see 2.2

The working surface of the heating

2.3).

and cooling units

shall consist of a metal of high thgrmal conductivity
and shall be smoothly finished to ¢onform to a true

plane within 0,025 %.

The cooling unit shall be so corstructed that an
isothermal working surface is othined with a sur-

face dimension at least as larg
working surface of the heating unit

The heating and cooling units may

2.21.2 Temperature requirements

as that of the

be identical.

will be better than 1 % of the temp

rature difference

The temperature uniformity on eac¥ working surface

2.2.1 Heating and cooling units

2.2.1.1 General description

The heating and cooling units shall be constructed
so that isothermal working surfaces will be obtained.

SDor 1k H Lo
aCTOSS TG SPTTTITeIIS T

In addition, if a heat flow meter is placed in contact
with the working surface of a heating or cooling unit
and is sensitive to the temperature differences along
this surface, this difference shall be as small as
necessary to maintain an error in measured heat
flow-rate below 0.5 %.
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d) Double apparatus e) Double apparatus
v,y cooling and heating’ units
H, H'}| H''  heat flow meters
Figure- 1. — Typical layouts of heat flow meter apparatus configurations
The working surface~temperatures during the test 2.2.2 Heat flow meter
period shall nptfluctuate or change by more than

0,5 % of thel temperature—difference—acress—the——— |

specimen. In addition, the surface temperature fluc-
tuations on the face of the heat flow meter in contact
with the specimen(s) shall be less than 0,5 % of the
temperature difference across the specimen; see
also annex B. The temperature fluctuations (as a
function of time) at the surface of the heat flow meter
shall not cause fluctuations in the electrical output
greater than 2 % during the test period. These fluc-
tuations are due to poor quality of automatic con-
trollers combined with the thermal capacity of the
heat flow meter. The insertion of a thin layer of in-
sulating material between the heat flow meter(s)
and the working surface(s) can reduce this trouble.

10

2.2.21 Purpose

The heat flow meter is an assembly that measures
the density of heat flow-rate through the specimen(s)
by a temperature difference generated by this den-
sity of the heat flow-rate crossing the specimen(s)
and the heat flow meter itself. Several types of heat
flow meter are described in 2.2.2.6.

Most commonly, it consists of a homogeneous core,
a surface temperature difference detector and a
surface temperature detector(s). The heat flow me-
ter region occupied by the core, where temperature
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difference detectors are placed, is called the meter-
ing area. It can also have cover sheets to provide
protection and thermal damping. Metal
temperature-levelling plates or foils are sometimes
used to improve or simplify the measurements, but
these shall be situated so as to prevent the temper-
ature difference from being dependent on specimen
thermal properties.

2.2.2.2 Core

The core shall be constructed from a suitable non-
hygroscopic material which shall be sufficiently uni-

ISO 8301:1991(E)

is related to the density of heat flow-rate ¢, through
a parameter [ called the calibration factor, as fol-
lows:

g=fe

The parameter [ is not strictly a constant but de-
pends upon temperature and to a more limited ex-
tent upon the density of heat flow-rate itself.

To avoid the effects of heat conduction along the el-
ement passing from one face to the other, it is rec-
ommended that the cross-sectional area of the

form and isotropic, and shall have sufficiently
parallel faces, to ensure a uniform heat flow normal
to the f4ces. The core material shall not effectively
change under the temperature and humidity condi-
tions of use and storage nor from typical handling.
It shall be thermally uniform and shall remain stable
over a Igng period of time. It shall be hard, with low
compresgsibility. The following are some of the mat-
erials that can be used for heat flow meters: cork

composition, hard rubber-plastics, ceramics and
phenolicl laminates, epoxy, or silicone-filled glass-
fibre cloth.

2.2.2.3 [Thermopile

The temperature difference across the core material
shall be| measured with a sensitive stable temper-
ature ddtector (see annex B, B.1 and B.2). Multi-
junction |thermopiles have been used successfully.
Some types of these are represented in figure 3., The
junctiong are placed on the surfaces of thelcore
material|of the heat flow meter to measure the tem-
perature| difference through the core.

The regulting effect of the presence of the
thermoplle in the core is a thermapile output ¢ that

conductors i the thermopile be SN

of an 0,2 mm diameter wire.

Thermo-elements that produce a h
and have a low thermal “conduc
ommended. Both ribbonand plated
have proved advantageous in cq
Metallization and~ photoetching te
been also used suecessfully; see [16
The main meter surfaces are assun
so that densjty of heat flow-rate will i
main meter surfaces. If the hypoths
there will be a component of the
flow-rate that will be parallel to the
meter surfaces. The sensitivity to {
depends on the layout of the therm

haller than that

igh emf output
tivity are rec-
thermocouples
ertain  designs.
chniques have
], 124] and [25].
hed isothermal,
e normal to the
sis is not true,
Hensity of heat
main heat flow
his component
opile junctions:

the junctions of figure3b) and figlire 3c) are not

sensitive to temperature differences
surfaces, while the junctions of figur
tive to temperature differences along
normal and parallel to the main n
such designs should therefore be avq
possible. Precautions must be taken

along the main
P 3a) are sensi-
directions both
heter surfaces;
ided whenever
to limit the ef-

fect of heatl flow through the leads gn the output of

the temperature difference detector.

Y

3)

b) c)

Figure 2 — Examples of schematic designs of heating and cooling units in the case of external liquid supply

"
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When the heat flow meter output is less than
0,0002 V, special techniques must be used to pre:
vent extrandous thermal emf’s in leads, the meas-
uring circuitp, and the heat flow meter itself\The
latter can oply be found by testing the heat/flow
meter at seyeral heat flow-rates, half in ene direc-
tion, half in fhe other, and examining the zero inter-
cept of the lipe joining the points.

To ensure yniform thermal resistance in the heat
flow meter, |the temperaturedifference deteclors
shall either

a) be uniforpnly distributed within the metering area
of the he¢at flowSmeter — an area not larger
40 % nor less. than 10 % of the entire surface
area; or

b) be concentrate § o
of the entire surface area; these areas shall be
within the most central 40 % of the meter.

2.2.2.4 Surface sheets

To prevent damage to the temperature-difference
detector that will affect its calibration, both surfaces
shall be covered with a layer of material as thin as
is compatible with protection from thermal shunting
of the temperature-difference detector wires. A
properly designed heat flow meter should have a
sensitivity as independent as possible of the thermal

12

—1 N N
b)
1
| i i
] . l l
———— Metal A c)
Metal B
L] Junctions

Figure 3 — Examples of schemetfc designs of thermopiles

conductance of the specimens for a large range of
thermal conductances. The surface shegt may also
be chosen to aid in damping any tempeJrature fluc-
tuation. The surface sheet should be similar to the
core material and should be tightly borjded to the
core by chemical means such as adhesjve films or
fusible materials or olher adequate technology. The
metering area of the heat flow metdgr shall be
smoothly finished to conform to a plane to within
0,025 %.

2.2.2.5 Surface temperature sensors

A suilable device shall be employed for[measuring
the average temperature of the specimep side(s) of
the heat flow meter(s).

= e of copper
foil, adhering to the surface sheet, can be used to
average the surface temperature of the heat flow
meter over the area where the junctions of the
thermopile are placed. The foil should extend be-
yond this area by a distance approximately equal to
the thickness of the heat flow meter. The foil can be
used as a part of a copper-constantan thermocouple
circuit, or can be equipped with a platinum resist-
ance sensor. When thermocouples are used for this
purpose, copper and constantan wires 0,2 mm in
diameter or smaller, are strung through the surface
sheet before it is attached to the core. The
constantan wire is soldered to the centre of the foil
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while the positive lead is soldered near one of the
edges. All the excess solder should be removed.
The surface sheet can be sanded away to eliminate
any lumps. The surface of the heat flow meter not
covered by the metal foil is masked by an applied
sheet of non-metal, 80 pt in thickness, to ensure a
smooth surface. The thermocouple wires shall com-
ply with 2.2.3.1.3.

2.2.2.6 Types of heat flow meters

There are several types of heat flow meters. The
type of i i i
is called a gradient-type. It consists of a slab of ma-
terial afpross which the temperature gradient is
measured, normally with a thermopile.

They arp generally used for steady-state or quasi-
steady-dtate measurements, although they have
been adapted to transient work, for which approxi-
mate equations have been derived (see [13] and
[20]y,

Two geperal constructions of gradient heat flow
meters are used in practice. They are of respectively
high-thermal resistance and low-thermal resistance.

The high-thermal resistance type consists of a high-
thermal|resistance slab of material, such as cork,
with a small thermopile wound around it to measure
the temperature difference. A facing material is
placed on each surface and a set of temperature
sensors| or a single sensor, and a temperature-
levellind plate are placed on each surface, and\the
two surfaces of the assembly covered with~a low-
permeability membrane. The characteristics of this
heat floyv meter are a large temperature drop, ade-
quate sensitivity with a small thermopile, ease of
manufaqture, and low dependence for the sensitivity
value or] the properties of the test)specimen.

resistance type consists of a thin slab of
low-resistanceaterial, such as epoxy or
silicone{filled glass-fibfe Cloth, with a very sensitive
thermoplile wound argund it to measure the small
temperature difference. Again, a facing material is
placed against_each surface. In many cases this
materiall is simply an insulating film and a metal
plate. The-Characteristics of this heat flow meter are
a small|temperature drop across it, adequate or
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needed) in contact with specimen(s) to an accuracy
of 1 % may be used for measurements of temper-
atures in the apparatus. For the heat flow meter
surface temperature determination, see 2.2.2.5.

The temperature of the working surfaces of the
heating and cooling units are often measured by
permanently mounted temperature sensors such as
thermocouples which are set in grooves or just un-
der the working surfaces. When configuration c) in
figure 1 is chosen (see 2.1), the sensors placed on
the working surfaces of the cooling and heating units
are sometimes connected differentially. For
ermocouples, this is usual. In sych cases, they
must be electrically insulated from|the plates, the
metal plates shall be grounded~and a resistance
greater than 1 MQ) is recommended| The number of
such thermocouples on each side should be not less
than 10\/:4_, or 2, whicheyer is gredter, where 4 is
the metering area ,section in squafe metres. One
thermocouple per-surface has been [found adequate
on existing plates Having surface arpas of less than

changed fréquently or the thermoc

uple calibration

0,04 m?, provided that either the thzl:nocouples are

is checked regularly. A mini
thermocouples is required for all ne

For<gertain types of materials, this

um of two
W apparatus.

procedure can

léad to errors in the measurements [due to the ther-
mal resistance between the sensols and the sur-
faces of the specimens (see [10]).

In this case, see 2.2.3.1.2.

2.2.3.1.2 Temperature differences through the
specimen(s)

2.2.3.1.21 For non-rigid specimens|(see 1.7.3) with
surfaces that conform well to the flaf surfaces of the
plates and of thermal resistan¢te more than
0.5 m2-K/W, the temperature diff¢rence through
them is normally measured from |the indications
provided by the sensors permanertly mounted in
the working surfaces of the unit(s) gnd/or heat flow
meter(s) in contact with specimen(s})

2.2.3.1.2.2 In some cases there exists the possibil-
ity of an influence of contact resis{ances between
the specimen(s) and the apparatus working sur-

faces. some special methods maylbe required to

high sensilivity; it requires special techniques of
design and manufacture (see [24] and [25]).

2.2.3 Other measuring devices
2.2.3.1 Temperatures

2.2.3.1.1 Apparatus temperatures

Any proven method allowing temperature difference
measurements between the working surfaces of the
heating/cooling units (and heat flow meter(s) if

determine the temperature difference through the
specimen(s). Errors in some methods are described
in [10] yet in some instances the chcice of method
itself is left to the judgement of the operator. A
proven technique for rigid specimens (see 1.7.3)
consists of interposing thin sheets of suitable ho-
mogeneous material between the specimen(s) and
each apparatus working surface involved.

The temperature difference through the specimen(s)
is then determined by means of separate
thermocouples mounted flush with or interior to the
surface of the specimen(s). This technigque can also

13
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be used in conjunction with thin layers of low-
resistance material interposed between the
specimen(s) and the working surfaces.

2.2.3.1.3 Temperature sensors

When thermocouples are used, those mounted in
the surface of the units shall be made of wire not
larger than 0,6 mm in diameter — and preferably not
larger than 0,2 mm in diameter for small size appa-
ratus.

Other solutions, such as thermocouples embedded

degrade the short and long-term stability, linearity,
and accuracy, and degrade the sensitivity. The
computing circuitry must be considered part of the
measuring system in certification testing, and the
requirements in 2.2.3.2.2 met for the overall system.
Long-term stability remains a problem with analog
computing circuitry. A special check must be made
at each reporting. All factors cited in 2.2.2 should be
considered carefully if reliable results are to be ob-
tained.

2.2.3.2.2 Measuring system requirements for
high-level performance and reporting testing

in thin sheefs, require parlicular care to reduce er-
rors in the detection of surface temperatures, mainly

with low-res

Thermocoup
faces of the
larger than (

For low-resi

stance specimens.

es placed against or set into the sur-
specimens should be made of wire not
,2 mm in diameter. .

stance specimens, it is recommended

When the apparatus is used for high-lexjel perform-
e

ance in measurements or reporting

sting, the

measuring system shall have the followinhg capabili-

ties, regardless of whether a Wide-range
range measuring system isyused:

a) a sensilivity, lineatity] accuracy ang

or a multi-

input im-

that the thefimocouples be placed within the speci-
men surfaces whenever possible. Otherwise thinner

diameter

thermocouples

must be used. The

thermocouples that are used to measure the tem-

perature of t
above shou
brated therr
been certifie]
cial limits o

he faces of the specimen(s) as indicated
d be manufactured from either cali-
hocouple wire or from wire that has
d by the supplier to be within the spe-
[ errors given in tableD.1 in annex D.

Other tempefrature sensors or detectors such as for

example plg
equivalent o

tinum resistance sensors must have
 better accuracy, sensitivity and stabil-

due to disto

ion of the heat flow around the sensor,

ity. The res(:]:Iting error in temperature differences

to sensor
shall be less|

rift, and other sensor characteristics
than 1 %.

2.2.3.2 Elec}rical measuring systems

2.2.3.21 Gdneral features

The design ¢f the measufing’system will depend on
the type of temperature\sensors used and the sen-
sitivity of th¢ thermopile or temperature-difference
sensing circpitry.«-The range of the outputs from
these will vary ‘according to the operating range of
the apparatup.-In all likelihood, it will vary by several

pedance adequatevto measure the temperature
differences acfoss the specimens| to within
4 0,5 % and<¢the output from the the¢rmopile to
within +.08,6,%:;

b) a sensitivity of better than 0,15 % gt minimum
output from the temperature-difference detector;

c)\ sufficient linearity so that it contributgs less than
0,1 % to the error at all expected ouf{puts of the
temperature-difference detector;

d) sufficient input impedance so that it does not
cause an error of more than 0,1 % to the reading
under any possible condition (1 M{) has been
found adequate for many apparatus);

e) stability so that it contributes less thap 0,2 % er-
ror to any reading during a normal|period be-
tween calibration, or 30 d, whichever s (reater;

f)y adequate noise immunity so that wilh the type
of leads, grounding and shielding us¢d in appa-
ratus, less than 0,1 % rms noise ocfurs in the
values of temperature difference and|thermopile
output.

2.2.3.3 Thickness measurement

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.
The capability of the heat flow meter apparatus to
make rapid measurements is best utilized where the
measuring system computes and displays either
thermal resistance, conductance, or thermal con-
ductivity. Nevertheless, the measuring system shall
provide means for monitoring each individual tem-
perature sensor. The computing circuitry may be
digital or analog. Where digital, it need not add any
significant error or limitations. Where analog, it can

14

Means shall be provided for measuring the thick-
ness of the specimen to within 0,5 %. Because of
the changes of specimen thickness possible as a
result of temperature, or compression by the plates,
it is recommended that, when possible, specimen
thickness be measured in the apparatus at the ex-
isting test temperature and compression conditions.
(Gauging points, or measuring studs at the outer four
corners of the plates or along the axis perpendicular
to the plates at their centres, will serve for these
measurements. The effective combined specimen
thickness is determined by the average difference
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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 plates to-
wards each other. In the case of use of an electrical
transducer, provision must be made for checking its
linearity and its electronic circuitry. Check of this
linearity shall be made at intervals of less than one
year.

2.2.4 Mechanical devices

ISO 8301:1991(E)

2.2.5.2 Influence on test configuration type

The three different configurations (see 2.1) differ in
their behaviour regarding edge heat losses and
consequently require different solutions to minimize
them.

2.2.5.21 The single-specimen asymmetrical con-
figuration is similar to the guarded hot plate appa-
ratus as regards edge heat losses through the
specimen. The edge heat losses in the heat flow
meter are more important than in the guarded hot

2.241 ramework
A framepork should be provided to hold the appa-
ratus in pne or more orientations.

2.24.2 (Clamping force

Means dghall be provided for imposing either a re-
producible constant clamping force upon the system
to promo¢te good thermal contact or for maintaining
accuratel spacing between the plates, regardless of
orientatipn. A steady force, which will thrust the
unils toward each other, can be imposed by means
of constpnt-force springs, a system of levers and
dead wefghts, or an equivalent method. It is unlikely
that a pressure greater than 2,5 kPa on the speci-
mens will be required. When compressible speci-
mens arg tested, it may be necessary lo use stops
of small|cross-sectional area and low thermal con-
ductivity| between the corners of the cooling and
heating |units to limit the compression. ©f the
specimep(s). Other means may be used(to impose
the distgnce between working surfaces; a constant
pressure arrangement is not needed-for such tests.

2.2.5 Edge insulation and 'edge heat losses

2.251 General
Heat losges from(the outer edges of the heat flow
meter apparatus-=shall be restricted by edge insu-
lation or|by controlling the surrounding air temper-
ature or py: both.

pl:’ro nppnrnhle becauyse ihny may introduce addi-

tional errors due to temperature hgn-uniformity on
the side in contact with the specimen.

2.2.5.2.2 The two-specimen‘symmef{rical configura-
tion is sensitive to edge ‘heat losses on the heat flow

meler since the heat.that flows throu
supplied via the specimens rather th
the heavy meta) units. Since the wo
these units ispearly isothermal, th
perature mdy no longer be uniform.

gh the edges is
an directly from
king surface of
e surface tem-
If the heat flow

meter is_sensitive to temperature diﬁerences along

its majinssurfaces, edge heat losses
serious errors. To prevent them, thg
scribed in 2.2.5.1 maintained at the
perature is mandatory. As regards
losses within the specimens, they
those in the guarded hot plate when {
temperature is that of heating and cg

2.25.2.3 The single-specimen sym
least sensitive to edge conditions if
readings of the two heat flow meters
the measured heat flow-rate through
In addition, this configuration will m

ay now create
enclosure de-
mean test tem-
the edge heat
are similar to
he surrounding
oling units.

metrical is the
the average of
is assumed as
the specimen.
ake the evalu-

ation of edge heat losses easier if the two heat flow

meters are identical and if uniformity|
of the working surfaces is obtained.

2.2.5.3 Edge heat losses evaluation

For all the configurations given

of temperature

in 22521 to

2.2.5.2.3, the sensitivity to edge heat losses is

closely connected to the sensitivity g
meter and to the temperature differ

f the heat flow
ences along its

main surfaces: therefore only experimental checks

A cabinet or enclosure surrounding the heat flow
meter assembly to maintain the ambient temper-
ature at the mean temperature of the specimen(s)
shall be provided, especially when conducting tests
at mean temperatures differing substantially from
the laboratory air temperature.

A cold radiator existing generally as a part of the
temperature control system in the enclosure will
provide a dew point temperature at least 5 K lower
than the temperature of the cooling unit and conse-
quently will prevent condensation and moisture
pick-up by the specimen(s).

while changing environmental conditions can con-
firm for each operating condition the magnitude of
the effect of edge heat losses on the measured heat
flow-rate. In all cases the limilation requirements on
specimen thickness specified in 1.7.2 shall be satis-
fied.

In such conditions, the edge heat loss errors should
be smaller than 0,5 %. A very rough guideline to
obtain small edge heat loss errors is that of main-
taining the heat flow rate lost through the edges
below 20 % of the heat flow rate through the
specimen(s).
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A complete analysis of the edge heat losses is given
in [19] and in ISO 8302.

2.3 Guidelines for apparatus design

2.3.1 Required performance

The design of a heat flow meter apparatus will de-
pend on preliminary awareness of the following pa-
rameters:

2.3.4 Heat flow meter

The design must ensure a uniform temperature at
the HFM surface adjacent to the specimen so that
the higher edge heat loss associated with thick
specimens will not produce lower edge surface
temperatures on the HFM and thus avoid an addi-
tional distortion of the heat flow lines. It is at least
equally important that it should not produce a lateral
heat flow-rate in the core of the HFM. If lateral heat
flow-rate does occur in the core, the thermopile
output will not be proportional to the heat flow-rate
into the specimen (see [21]).

— minimum |and maximum specimen thickness to
be tested fin the apparatus;

— minimum [and maximum specimen thermal re-
sistance;

— minimum |and maximum temperature difference
across thg specimen;

— minimum [cooling unit temperature;
— maximum|heating unit temperature;
— overall apparatus accuracy and reproducibility

as maximum acceptable error in measured
property ih a defined worst case condition;

2.3.5 Detailed design

Satisfactory values for the size 'and dimjensions of
the apparatus shall first be determined frpm the fol-
lowing parameters:

-- define surface tolerances according t¢ minimum
specimen thickness;

-~ select surfaCe“finishing to reach an erpissivity of
0,8 or greater (at room temperalurg, oxidized
metallic.surfaces and many paints mget this re-
quirement);

-- define all apparatus details |such as
temperature-sensing element posifions and
mounting, heater layout, wiring. mechanical

type of he

sensitivity|

— surrounding environment;

at flow meter apparatus;

coefficient of the heat flow meter;

2—;, in millivolts per watt square metre.

2.3.2 Tentative selection of apparatus
dimensions

As a first tria|, assume the-side, L, of the metering
area of the heat flow, meter o be four times the
maximum spe¢cimen-thickness and the external side,
L, eight timeg the maximum specimen thickness.

connections, thickness measuring dev

select cooling and heating systems ag

ce, etc,;

cording to

minimum cooling unit and maximum hjeating unit

temperatures;

select temperature automatic contrdl systems

according to minimum temperature

drifts and

fluctuations acceptable for the apparafus;

select a conditioning system accord

ng to the

required surrounding environment and| according
to the needs on its stability and drifts to keep

edge heat losses errors within the sta

ed values;

-- select the heat flow meter type and {is charac-
teristics (see annex B).

2.3.3 Heating and cooling units

Compute the maximum heat flow-rate crossing the
specimen when its thermal resistance is a minimum
and the temperature difference across the specimen
is a maximum. Add the heat flow-rate due to edge
heat losses and the heat flow-rate exchanged from
the units towards the environment. Define heating
and cooling systems, working surface metal plate
thicknesses and mass flow rate of the cooling fluid
{(where pertinent) to reach the temperature uniform-
ity stated in 2.2.1.2.

16

2.4 Calibration

Heat flow meter apparatus calibration is a very crit-
ical operation. Since lateral heat losses or gains of
heat are not automatically controlled, but only “en-
sured” by the size of the guard area and edge insu-
lation, there is no guarantee that the heat losses or
gains are minimized under all test conditions. To

-ensure that the equipment performs properly with

specimens of different thermal resistances, the ap-
paratus must be calibrated with materials having
similar heat-transfer characteristics as the materials
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to be evaluated; extrapolations should be avoided
whenever calibration specimens exist covering the
intended test range.

These reference materials must be evaluated
through an absolute test method such as the
guarded hot plate.

2.4.1 General

ISO

8301:1991(E)

, AT , AT
]1‘—1m+‘2—+6| 7;—7",“—5—-*-(5
v AT ' AT
7,——],“-'-7—6, ]2=7m——2——6_
As defined in 1.4,
T is the mean temperature;
AT  is the mean temperature difference.

and 8 _and & take inio account the

The calibLation of the heat flow meter apparatus
should be|made using a pair of specimens as similar
as possibje tested with the guarded hot plate appa-
ratus. To [understand the calibration procedure cor-
rectly, it |is necessary to develop a minimum of
theoreticg| background (see [20]) and to analyse first
the meadqurements on the two specimens in the
guarded Hot plate apparatus and then to analyse the
measurements on the same specimens in the heat
flow metdgr apparatus. Similar computations can be
made for|the one-specimen guarded hot plate ap-
paratus. Hirst of all it is assumed as in 1.8.2 that the
reference|specimens will be homogeneous (as de-
fined in IBO 9251 and 1.3.1) and that steady-state
heat transfer properties will be independent on
thickness|and temperature gradients, so that refer-
ence tgd thermal conductivity or thermal
transmissjvity will be correct.

The index|(’) is used to refer to properties of the(first
specimen| while the index (") refers to properties of
the second specimen. For each specimen(tested in
the guardgd hot plate apparatus, the thickness ' or
d"’, the tHermal conductivity 1’ or A’5.the hot side
temperatyre 77, or 7", the cold side temperature

deviations in

each specimen of the mean tempergature from T,

and of temperature difference from A
guarded hot plate apparatus it
6, =686 =0

Assuming that at the mean tempers
specimens have thermal conductivit
tively A’y =2,+d84and 2’ =1,-6
temperature derivatives A(7) and A(7)
same for the two’specimens [A(7) an
derivatives-being neglected] and are
same meanvtemperature 7,,, and om
ducts of 87 and §7,, and their power
pansion is used to calculate the der
flowsrate ¢’ and ¢'’ through each of
mens.

From the mean value of ¢=0,5(¢" +

T. In an ideal
should be

ture T,,, both
es of respec-

U and that the

at T, are the

i higher order

known at the
itting the pro-
5, a series ex-
sities of heat
he two speci-

q'') the mean

thermal conductivity 1,, in the guarded hot plate ap-

paratus is

m

/IM =4 AT

and may be expressed as follows w
A./A(T) is far larger than unit tempera

hen the ratio
ure difference

T", or 7"} are considered. The_mean thickness d, and when A7 is limited to 20 K to 40 H:
= 0,5(d" - d'’) and the thickness difference éd = -
0,5(d — q") are defined sothat &' = d,, + dd and P 182 (5d 28T\ _
d’ = dm T dd. M 2 ’]-m dn AT
f (14) -
In a simifr way thefollowing mean temperatures ey
and tempe¢rature differences are defined. B i
, od _ 26T | A1) ( AT )2
= *2 X, AT =T =T, . *ar T3\ 72 -2
7‘" _ TN1 ir[vnz /\']"' _ 7.”1 _ 7_”2 " (3(1 = 0
m 2 R
Iy= A 1+ 2L 0L
Al A
T,m + 7Wm o 7-'m - ,I'”m
Tp=—05—1 §Tp=—2— " .
LONENAS
’ . e 311 - ... (2.2)
o AT 4 A1 . AT =4l 3
AT =~ L 1= 20
2 2
) ) For calibration purposes, 1/, is assumed 0,02 if it
§, =6T +—6—T— § =6T, _ T is unknown and 1, should differ by less than 0,2 %
m 2 m 2
from 2.
so that
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2.4.2 Single-specimen asymmetrical
configuration

The first specimen is first mounted in the HFM ap-
paratus and ¢’, 7", and 77, are measured, then the
second specimen is mounted and ¢’, 7', and 7",
are measured, ¢’ and ¢’’ being the HFM output. Also
d’ and d” should be known. The formal definitions
of T, T o T AT', AT” and 67, are as above, so
that

AT

T’y =T+ 6T — 25—

T =T, +6T, + -ég'—

The calibration should be conducted so that the term
within brackets will differ from 1 by less than 0,2 %.

2.4.3 Single-specimen symmetrical
configuration

The calibration of each HFM is exactly as the cali-
bration of the HFM in the single-specimen asym-
metrical configuration, with two equations similar to
equation (2.3), where in each case f, ', ¢’ corre-
spond to the heat flow meter considered as its own
mean temperature.

AT
2

A TN

7 =T, 6T, + ]

T, =Ty — 6T, —

2.4.4 Two-specimen symmetrical
configuration

where

T,

m

AT’ an

6T,

If both test
would be 6

If

is the mean temperature of
both tests;

H AT’ are the temperature differ-

ences in the two tests;

is the difference between the
mean temperature in each
test and T,

5 were conducted in ideal conditions, it
I'n = 0and AT =AT".

~

using agair

L+ 62
oo — 64

the first terms of a power-series expan-

sion for the¢ density(of‘heat flow-rate ¢’ = ¢’/ in the

first test a

hd ¢’ ="/ in the second test, we can

deduce the calibrating factor f by computing

q9=05(q"+

44 so that we will obtain the following

Equation (2.3) for the single-§pecimen 3
configuration applies again, -provided th
are both replaced with-the“output ¢ of {
meter to be calibrated-

We have now ¢’ ="' =e fand 6T, is
to AT’[2 and XV’ [2.

NOTE 1 . This assumes the possibility of of
case of 2:4.2 and 2.4.3 with a specimen cons
of specimens measured in the guarded hot
tus by using equation (2.3) as here.

2.4.5 Calibration curve
Most heat flow meters are mean f{
sensitive and the calibration factor will
the mean temperature 7,,. So the abo

symmetrical
at ¢’ and ¢’
he heat flow

hearly equal

erating in the
sting of a pair
plate appara-

emperature-
change with
e measure-

ments shall be repeated at different mean temper-

atures to cover the temperature range
flow meter apparatus. A calibratio
equation shall be prepared (calibration
mean temperature of the heat flow met
assembly).

The specimen may be placed betwee
plate and the heat flow meter if dete
heat transfer properties at higher tempe
the safe temperature limit of the heat f
intended.

The calibration must be carried out with

of the heat
h curve or
actor versus
er apparalus

n the warm
rmination of
ratures than
low meter is

at least two

specimens and preferably three, of wi

ely differing

expression:
2

AIATI + AlIATII

2]
x [1 + 3!51:) (AT’2+A7"'2)J . .(23)

It is important to observe that A’ and A’ are not the
actual thermal conductances of the two specimens,
that are usually unknown, but are defined through
d,d’ and i,

18

thermal resistances in order to check linearity of the
heat flow meter(s) e.m.f. response versus ¢ (see
[18]). If the curve g = F{(e) is not linear (slope equal
to 7). f will vary with ¢ and this fact shall be taken
inlo account after checking possible reasons for
such non-linearity (excess of edge heat losses for
example).

A preliminary investigation of the sensitivity and the
linearity of the HFM to be mounted in an HFM ap-
paratus can be attempted in a guarded hot plate
apparatus (preferably a single specimen apparatus),
sandwiching the HFM with reference specimens.
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2.5 Performance check

2.51 Geometry

The planeness of the working surfaces can be
checked with a steel straightedge, of a length
greater than the width or diameter of them, held
against each surface and viewed with a light behind

the ch'nlnhfadnn ﬁapnrfnroe as small as 25 1m are

readily vus:ble and larger departures can be meas-
ured using shimstock or thin paper.-

ISO 8301:1991(E)

2.5.3.1.3 Temperature coefficient of the calibration
factor

This depends on the type of temperature detectors
used in the temperature-difference detector
(thermocoup e materials used in the thermopile) and
the type of material used for the metering slab.

2.5.3.1.4 Heat flow down the leads

This may occur.

T28214 5 Effanrnt nf tha lhn-mal nnndnnt'vlty: cf he

2.5.2 c]umputing circuity

Where direct readout equipment is provided, ade-
quate prgvision shall be made for calibration of the
analog electronic circuitry, independent of the rest
of the apparatus. Isolated voltage sources with cali-
brated oytput, or equivalent, shall be substituted for
thermopile, temperature sensors, and thickness
lransducer — the latter only where it has an active
output. Hjgh-quality switches, or equivalent, shall be
used to spvitch these into the circuit. Two test circuits
shall be provided for checking the calibration. One
circuit shall check the calibration at between 0 %
and 10 % of the range, and one at between 90 %
and 100 9% of the range. The direct-reading equip-
ment shdll be checked immediately prior to and fol-
lowing aleporting test. Results shall be reported as
outlined in section 3.

2.5.3 Hpat flow meter

2.5.3.1 HRreliminary test

Any heat|flow meter that is new orrhas been modi-
fied must|be tested for the followihg Characteristics:

2.5.3.1.1 | Zero offset

If there i a non-zero ottput from the thermopile for
zero heaf flow, this may be due to

a) bad |electrieal” connections of a sensing
thermppile with low output: improve connections
to eliminate the problem as this type of drift is

specimen on the calibration factor (Iul;earlty range
of the heat flow meter)

A “thermal shorting” efféct: betwgen elements,
caused by low thermal resistance betyveen the metal
windings of the thermopije and a funneliing of heat
through the windings) can change the calibration
factor of the heatl.flow meter.

2.5.3.1.6 Effect-of loading pressure gn the
calibrationfactor

See anhex B, B.1.

2.53.1.7 Non-linear output from the
temperature-difference detector

This may occur.
2.5.3.2 Corrections

In all cases, corrections shall be made where a
change of greater than 1 % occurs ¢ver the range
of operation; corrections are recgmmended for
changes of 0,3 % over the operation range.

2.5.4 Calibration drift

When a new heat flow meter apparatus is built, its
calibration shall be checked at leapt once every
week. Less frequent calibrations may be performed
when many subsequent checks are satisfactory.

Maintain a running record of calibralion from stan-
dard specimen calibration tests. THis record will

[emperahlra eonciﬁ\/a;

b) sensitivity to warm or cold plate temperature
non-uniformity: check the temperature non-
uniformity; during all operating conditions it shall
be within the limits given in this International
Standard.

In both cases, no corrections are allowed.
2.5.3.1.2 Drift in the heat flow meter

This could be due to material ageing or delami-
nation.

atsoshow the Teproducibitity of theeat flow meter

apparatus as a function of time. If the results indi-
cate a difference in the measurement of the thermal
resistance of the standard specimens of more than
+ 1 %, check the controllers of the apparatus (tem-
perature of the units, etc.). If necessary, determine
a new calibration factor curve or equation. It is un-
likely that the shape of the curve will change. The
curve can be shifted into a new position.

When this apparatus is used for daily quality control
of a certain type of insulating product at a constant
mean temperature, the best reliability in data is ob-
tained by adding a daily calibration check with sec-
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ondary standards specimens taken from the same
product to the above procedure.

In all cases, any progressive drift of the calibration
must be carefully investigated and action taken in
order to detect the origin of this drift and to solve
this problem.

2.5.5 Overall performance checking -

2.5.5.1 A single reference point may lead to serious
errors. It is best to select a range of materials hav-
ing heat transfer properties which cover a range of
values to be tested (see 2.4).

2.5.5.2 When the apparatus is to be used at thick-
nesses greater than those of the reference material,
3 series of measurements must be performed to
ensure that the equipment does not cause additional
errors which may be due to lateral losses or gains
brought about by insufficient guarding. A simple
technique is to insert radiantly opaque septa be-
tween layers of insulation, each tested by the pri-

The test repults obtained by this method can only
be guarantged if the limitations of the apparatus are
known. To gstablish the limitations, the performance
should be donfirmed by comparing the results with
materials off similar heat transfer properties to those
to be evaluated.

mary reference {echnique. If no, |errors are
discovered and no infrared radiation)xesemitted, the
measured average thermal resistance value should
be equal to the average thermal resisrllance value
obtained for the individual \insulation specimen
(see [18]).
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Section 3:

3.1 General

The measurement of the heat transfer properties of
a low thermal conductance sample of a thermal in-
sulating material can be determined in accordance
with a setof specifications—based

and 2.

particulat specimen or sample for test or requiring
specific ipformation on the heat transfer properties
of a matgrial, product or system.

Thus, before any measurements are undertaken, a
number of decisions have to be made which relate
to the s;ieciﬁc property desired or needed as a re-
sult of apy direct measurement (e.g. thermal con-
ductivity pr thermal resistance), or to any correlation
desired dr needed among measured properties (e.g.
thermal gonductivity as a function of temperature or
thermal gonductivity as a function of density at a

ISO 8301:1991(E)

Test procedures

temperature measurement
thermocouples (see 22.3.1.2.2).

sensors or
These tech-

niques are intended to make correct measure-
ments of the temperature difference across the
specimen of low thermal resistance and/or of
rigid material by eliminating the possible influ-
ence of contact resistances.

0 sing the speci-
men in water-vapour-tight envelopes. This tech-
nique is intended to prevenbt elither moisture
adsorption after the drying\or moisture content
change after conditioning:

e) The need of imposing either specimen thickness
or pressure on the specimen.

The operator must also be conscious of the differ-
ence between a’measurement the gpal of which is
to define oné&. of the steady-state heat transfer prop-
erties givern’ in section 1, and a measurement re-
quired by a material specification. [The latter one
may.also be required by a sampling|plan on speci-
mens that do not conform to all thg requirements
stated in this International Standard.|A typical situ-
ation is that of specimens not flat enpugh to ensure
good contact with the apparatus, or not parallel, as
required in 3.2.2 , or tested at a thidkness far from

given tenlvperature).

In partict
the follow

lar, these decisions will be influenced by
ing.

the end use. The numerical results

of these tests

must therefore be regarded as conveptional tools to

accept or reject lots of a particular m
necessarily as a meaningful heat trg

aterial, but not
nsfer property

a) The s|ze and form of apparatus either available
or negessary. A particular apparatus of one size
may rnot be sufficient to carry ©ut‘measurements
on all|specimen thicknesses\to enable all of the
requidite heat transfer preperties to be deter-
mined directly or by interpolation from measure-
mentg on thickness€s)Up to its maximum limit
(see 3.4.2). Similarly; the range of both temper-
ature jand environmental conditions either avail-
able gr necessary may not be sufficient to yield
the rdquired~information directly or by interpo-
lation | from ‘'measurements over the respective
rangeb_available with the apparatus

of the material.

3.2 Test specimens

3.2.1 Selection and size

One or two specimens shall be seled¢ted from each

sample according to the type of equipfnent (see 1.6.1
and ’) 1\ \I\Ihcn two enornmnne are reqUIred they

b) The size, number and form of specimens either
provided or needed. This will depend on the ulti-
mate requirements of a particular sample or
material. If the material, product or system is
highly anisotropic in nature, whether measure-
ments are possible with the heat flow meter ap-
paratus 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 on instrumenting the specimen with

shall be as nearly |dent|ca| as possible, with thick-
nesses differing by less than 2 %.

The specimen(s) shall be of such a size as to cover
completely the whole area of working surfaces of
heating and cooling units and heat flow meter(s),
and shall either be of the actual thickness to be ap-
plied, or of sufficient thickness to give a true aver-
age representation of the material to be tested (see
3.4.2 also). They shall also meet the general re-
quirements outlined in 1.7 and 1.8. The thickness of
the test specimen(s) used shall be restricted ac-
cording to 1.7.2.
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3.2.2 Preparation and conditioning

3.2.21 General

Preparation and conditioning of the specimens shall
be in accordance with the appropriate material
specification. The following guidelines are given
where no specification is available.

3.2.2.2 Guidelines for all materials (except loose-fill
materials) .

perature range, they should be conditioned to con-
stant mass at the upper limit of this range, in a
non-stagnant, controlled environment. The system
may be closed if an absorbent or adsorbent is used.
One example is a sealed desiccator at 330 K to
335 K with moving air for conditioning of certain
foam plastics.

The 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 to the
time required by the specimen to absorb significant

3.2.2.21 Hreparation

The surfacks of the test specimens shall be made
plane by appropriate means (sandpapering, face-
cutting in @ lathe, and grinding are often used), so
that close [contact between the specimens and the

quall‘lii;ca of-motsture—frem—the—taberalory air (for
example concrete specimens) it is suggested that
the specimens be put quickly intoythe japparatus at
the end of drying to prevent moijsture pjck-up. In the
opposite situation (for example.when testing speci-
mens of low-density fibrous;-materials|or of plastic
foams) it is suggested thabthe conditigning be con-

working s
erials, the

rfaces can be obtained. For rigid mat-
faces of the specimens shall be made as

flat as the| working surfaces in contact with them

(see 2.2.1.

and 2.2.2.4) and shall be parallel over

the total durface area within 2 % of the sample

thickness.

When the

thermal re
thin sheetg

specimen
temperatu
dicated in

The therm
when used
thermal re

of the

specimen/

temperatu

The numb

specimen is of rigid material and/or has
sistance smaller than 0,1 m2-K/W, either
or temperature sensors mounted on the
shall be used to determine the
e-difference across the specimen as in-
p.2.3.1.2.

b1 resistance of the inserted thin sheets,
. shall be not larger than one-tenth:0Pthe
sistance of the specimen. The resistance
composite sandwich (sheet/rigid
sheet) will then be determined using the
e drop indicated by, ~the permanent

r of uniformly distributed thermocouples

thermocmkples in the hot and cold working surfaces.

used on e
tiguous to
be not le
greater, w

side of the

are used,

shall be t4

ular to the

ch side of the specimen in the area con-
the metering .ared (see 2.2.3.1.1) should
ks than 10./4- or 2, whichever is the
here A is therarea in square metres of one
metering.area. If separate thermocouples
the effective thickness of the specimen
kefi\as the average distance, perpendic-
face of the specimen between the centres

tinued, leaving the specimen in a roo

at the stan-

dard laboratory atmosphere [temperature
(296 + 1) K; relative humidity (50 + 10)|%] to reach
the equilibrium with room air (constant mass). In
intermediaté_ situations (for example[ with some
high-density fibrous materials), judggment of the
conditioning procedure is left to the gxperience of
the operator.

After conditioning to a constant| mass, the
specimen(s) shall be both cooled ang stored in a
sealed desiccator or in a sealed, pattially evacu-
ated, polyethylene bag. The specimens shall be re-
moved, weighed, and installed in tHe apparatus
immediately before testing. To reduce fest time, the
specimen(s) may be conditioned to an appropriate
mean temperature immediately pripr to being
placed in the apparatus.

To prevent moisture migration to or from the speci-
men during the test, the specimen itseff may be en-
closed in a vapour-tight envelope. If the presence
of the envelope causes significant spgcific thermal
resistance between the specimen and the appara-
tus, the envelope shall be treated similarly to the
thin sheets used to test rigid specimens, as de-
scribed in 2.2.3.1.2.2.

3.2.2.3 Guidelines for loose-fill materials

of the thermocouples on the two sides. For the type
and placement of the thermocouples, see 2.2.3.1.

3.2.2.2.2 Conditioning

After determination of the mass of the specimen(s),
they must be conditioned to constant mass in a
desiccator or a ventilated oven at an appropriate
temperature for the material or at the temperature
specified in the material specification. Thermally
sensitive materials should not be exposed to tem-
perature that will change the specimens untypically.
Where specimens are to be used in a given tem-
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When testing loose-fill materials it is recommended
that the thickness 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, grain, etc. are rigid. When the
requirement cannot be fulfilled alternate test meth-
ods as the guarded or calibrated hot box should be
considered. To prepare the specimen(s) il is rec-
ommended that a representative portion, slightly
greater than the amount needed for the test, be
taken from the sample and weighed before and after
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it has been conditioned to constant mass as in
3.2.2.2.2 where applicable.

From these masses the percentage mass loss is
calculated. An amount of the conditioned material is
weighed out such that it will produce one (two)
specimen(s) of the desired as-tested density using
the procedure described in the material specifica-
tion, 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 determined. The speci-
mens afe then either quickly mounted in the appa-

ISO 8301:1991(E)

Make covers for the open faces of the container(s),
using either thin sheet plastic material not more
than 50 pm thick, or heat-resistant and non-
reflective sheets (asbestos paper or other suitable
uniform sheet material). In either case, these shall
be glued or otherwise fastened to the edges of the
container(s). The total hemispherical emittance of
the surfaces seen from the specimen shall be 0,8 or
greater at operating temperatures. If the covers
have significant thermal resistance, the method of
determining the net specimen thermal conductance
presented in 3.2.2.2 for rigid specimens can be used.
P } iH yaterial into two

laborat
given e

When

of insi
surface
those o
heat flo

3.2.2.31

This me
ratus vq
tus with
four) m
small ¢
thermal

Place a
is suita
edges O
that it f
the top
into fou
men). A
(two) s
tamping
its appr
taking ¢
sity.

3.2.2.3.2

left to reach equilibrium with the standard
ry atmosphere according to the guidelines
rlier.

ethod A is used, or method B with covers
nificant thermal resistance, the specimen
temperatures should be taken as equal to
the surfaces of the hot and cold plates and
v meter(s) in contact with specimen(s).

Method A

thod is suggested when operating the appa-
rtically. Set up the heat flow meter appara-
the required spacings between the two (or
easurement surfaces. These spacings of
oss-sectional area should be made of lows
conductivity materials.

thin layer of low-conductivity matetial that
ble to confine the sample around the outer
f the heat flow meter(s) and the plates such
brms one (two) container(s)(each) open at
Divide the weighed, condjtioned material
(eight) equal portions (four for each speci-
lace each portion in( turm in (each of) the
pecimen space(s), _vibrating, packing, or
each portion jnto)position until it occupies
bpriate one-quarter volume of the space, and
are to produce specimen(s) of uniform den-

Method B

equal portions, one for each spec
cover in place, and with the contai
izontally on a flat surface, place 4§
(each) container, taking-~Care to f
specimen(s) of (equal and) uniform
out. Then apply the témaining co|
closed specimen(s) that can be put
the heat flow meter.

men.) With one
ner(s) lying hor-
i portion in the
roduce a (two)
density through-
ver(s), to make
into position in

Fluff compressible materials during placement, so

that the eovers bulge slightly and
contact’with the working surfaces (
at the desired density.

For 'some materials, material loss
tion of the specimens may necess
before test; in this case, determine
conditioned container and covers

compute the as-tested density of the

3.3 Test method

3.3.1 Mass

Just before placing the specimen(s
tus, determine its mass with an accy
0.5 %.

3.3.2 Thickness and density

The as-tested thickness and consg
tested volume (see note 2 below) is
ness imposed by positioning the uni
meter(s) or the thickness of the

measured at the beginning of the t4

will make good
f the apparatus

during prepara-
tate reweighing
the mass of the
ifler the test to
material.

in the appara-
racy better than

guently the as-
either the thick-
ts and heat flow
specimen(s) as
st. Specimen(s)

thickness can be measured as ind

cated in 2.2.3.3

This method is suggested when operating the appa-
ratus horizontally. Use a (two) shallow container(s)
of thin-walled low-conductivity material having out-
side dimensions the same as those of the heating
unit. The container edges shall be of such width as
to make the depth of the container equal to the
thickness of the specimen to be tested. Place
spacers of small cross-sectional area, made of low-
thermal-conductivity materials, with a thickness
equal to the test thickness in the corners of the
container or containers to ensure that the spacing
between the covers for the frame is equal to the test
thickness.

or outside the apparatus with instrumentation that
will reproduce the pressure on the specimen(s)
during the test. From these data and the mass of the
conditioned specimen determined as in 3.3.1, the
as-tested density can be computed.

Blanket or batt-type materials are usually tested at
imposed thickness; material specifications define
this thickness for many materials but sometimes the
result of the measurements is merely a conventional
one, 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
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of the specimen bounded by the metering area
rather than the density of the full specimen; this is
to obtain a more correct correlation between density
and measured heat transfer properties. Whenever

possible, monitor the thickness during the test.
When the procedure of 2.2.3.1.2.2 is used, the thick-

naca in ha 1iead tn avalitate haat trancfar i
NESS WU 0T usSTU WO SVaiuall iCau varnsiTr pfOpeﬂ!eS

shall be adjusted making appropriate allowance for
the position of the thermocouples.

NOTE 2  For calculation of the as-tested volume, use the
figures obtained for lateral dimensions of the specimen
by the lateral dimension test method described in the

3.3.5.2 The factor pc,dR of the specimen plays a
major part in determining the time required for the
meter output to reach equilibrium, as does the con-
struction of the apparatus (see [8]). Intervals be-
tween readings may need only be one-tenth of that
specified above for many tests. Experimental corre-

laticns are recommended (see annex B). In the ab-

sence of a better approximation or experience with
similar specimens in the same apparatus, the above
rule shall be used. Make observations at intervals
equal to the value of pc,dR of the specimen or
300 s, whichever is greater, until five successive

observations vield a thermal

resistance

value

material spefl_l_l‘h_rﬁﬂ'a'l?ﬁrél ication or other appro Thod giving
accuracy of fhe same order as that for thickness meas-
urement.

3.3.3 Selgction of temperature difference

Select the femperature difference to be in accord-
ance with ope of the following:

a) The reqlirements of a particular material prod-
uct or system specifications.

b) The condlitions of use for the particular specimen
or sample being evaluated. If this implies very
low temperature difference, the accuracy re-
guired for measuring this quaumy may be low-
ered. this implies large temperature
differendes, it may be impossible to predict er-
rors, as|theoretical evaluations assume speci-
mens wijth thermal conductivity independent of

temperature.

c) As low gs possible, for example from a minimum
of 5 K to| 10 K when determining an unknown re-
lationship between temperature and:heat trans-
fer propgrties.

d) The lowest temperature djfference compatible
with the|accuracy required\for the measurement
of this quantity, when mass transfer within the
specimep(s) shall be«educed to a minimum; this
may imply non-compliance to this International
Standard and shall) be noted in the report (see
3.6.19).

3.3.4 Ambient conditions

agreeing to within 1% without
monolonically in one direction. d_is\th

iman thirknace in otr i
specimen MiICKNess In meiwres and 7 i+ (S 1S

of as-tested densily and specific.heat g
men, in joules cubic metre Keljvins. Thi
to be esiimated through kilowiedge of i

3.3.5.3 Monitoring ofthe evolution of t
meter output function of time can be hel
the stability ofthe~equilibrium, particul
unknown typ€ of material or when thg
doubt about/risks of sensitivity to enviro]
midity of.the material tested.

If thisPoutput varies by more 1.5 % in r
mean value, the operator shall make in
te.discover the reasons.

3.3.5.4 After reading of the equlibriu
the procedure in 2.2.3.1.2.2 is used, d
temperatures indicated by the thermg
stalled in the faces of the specimen(s).

3.3.6 Final mass and thickness
measurements

lUpon completion of the observations in
ure the mass of the specimen(s) imme
case where the specimen thickness is n
il is strongly recommended to measure
beginning of the test. Report also any

changing
as-tested

n Nnr
e product

he heat flow
bful to check
arly with an
re is some
nmental hu-

pspect of its
vesligations

and when
termine the
couples in-

3.3.5, meas-
diately. In a
ot imposed,
it as at the
specimen(s)

volume change.

According to the type of apparatus and the test
temperature, apply edge insulation and/or ambient
specified conditions as required in 2.2.5.

3.3.5 Heat flow-rate and temperature
measurements (settling time and
measurements)

3.3.5.1 Observe the mean temperature and the emf
output of the heat flow meter, the mean temperature
and the temperature drop across the specimen(s) to
check when they are stabilized.
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3.4 —Procedures requiring-multiple

measurements

3.41 Procedures to assess specimen
homogeneity

One way to try to estimate the error due to non-
homogeneity is to compare the results for two
specimens selected from the same sample so that
they have as widely different structures as possible
near the edges of the metering area. If the two ex-
tremes cannot be identified, a number of specimens
may have to be tested.
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When the variation in structure occurs over small
distances, it may be possible to use single speci-
mens cut larger than the lateral dimensions of the
plates and heat flow meter(s).

The specimen is tested twice, in each case carefully
positioned so that the edges of the test area are
exposed to the two extremes in structure. The two
results are compared and the difference credited to
distortion.

The portion of the specimen(s) protruding from the
apparatus should be well insulated in the two tests.

ISO 8301:1991(E)

equal to the maximum allowable thickness for the
test apparatus.

Cut five sets of specimens from the sample ranging
in thickness from the smallest likely to be used in
practice in approximately equal increments. The set
of specimens shall be designated s, to 55 according
to their respective thicknesses, d; to ds.

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

This wilfTreducethepossibitity of-the—exposed—sec
tion incrleasing edge losses.

The siz¢ and thickness of the specimen affects the
size of the variations in structure than can be ac-
commodated. The larger the test area, the smaller
the effe¢t on the result. The effects of distortion may
either ipcrease or decrease with specimen thick-
ness.

When direct thermal short circuits exist between the
surfaceg of the specimens, the effect can best be
identified by breaking the thermal paths, especially
when the connecting surfaces can be disconnected
from the rest of the path. Sheets of thermally insu-
lating materials can be used at the critical surfaces
to provigle the break.

Sheets made of finely ground cork, or a similar ma-
terial 0,002 m or more thick, work well. The surfaces
shall bg ground as flat as the plate surfaces.(See
2.2.1.1).

It is diffijcult to assess accuracy for thesetest condi-
tions. It|is not practical to assess homogeneity up to
a level [comparable to the accuracy.of the method;
detected differences shall have alphysical meaning
and shall not be just measurement errors.

The net| change in thermalresistance of the speci-
men, dyie to thermal shosting, can thus be deter-
mined. [f greater than, 1 %, another measurement
should be made withdhicker sheets.

It is alsp possible/to evaluate the effect of thermal
field distorlians through the use of analyses and
computatiom, Reference to the particular method or
methodg _Used to determine these effects should be

by radiation and conduction mechanisms and where
the absence of convection has’ begen verified, the
slope of a plot of thermal“resistange versus thick-
ness will very frequentlyydiminish ugto 1 cmto 2 cm
and then will remain ‘¢onstant as the thickness in-
creases. The reciprooal of this conslant slope is the
thermal transmissivity to be assigned to high thick-
ness specimens,

For low density materials where h?tt is transferred

Measure thé thickness and thermal

sametemperature difference acros

resistance of s,

the specimen.

§3 and sgiat’the same mean tempera]?re and with the

Pict\the thermal resistance vers

s 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 t
differ by more than 1 %, then simila

he three values
F Ineasurements

shall be made on s, and s, to chack if there is a

thickness above which the thermal

resistance does

not differ from a straight line by mofe than 1 %.

If this thickness exists, the slope of
shall be determined to
transmissivity 2, = Ad/AR, defined

tween the increments of thickness,

ments of the thermal resistance, AR

The thickness at which this occurs
ing to the densitlies, types and fo
materials, products and systems fo
temperatures.

Thermal transmissivity then charag
terial, product or system for thig
which the transfer factor differs by

from 1
HOH 5

compyte a

the straight line
thermal
as the ratio be-
Ad, and incre-

will vary accord-
rms of different
r different mean

terizes the ma-
knesses above
less than 2 %

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.

3.4.2 Procedure to determine the minimum
thickness for which thermal properties of the
material may be defined

Select a sample uniform in density and density dis-
tribution, with the thickness dy equal to the greatest
thickness of the material to be characterized or

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
is required.

Thickness dependence may be a function of tem-
perature difference across the specimens. For the
purposes of this method, the above checks, if per-
formed at typical operating temperature differences,
shall be adequate to indicate the degree of thick-
ness dependence.

25


https://standardsiso.com/api/?name=9d9d6061b64de8fbc4d0afe51ff14da3

1SO 8301:1991(E)

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 is necessary.
These are made with widely differing temperature
differences. A second-order dependence can be re-
vealed by these measurements. When a simple lin-
ear relationship is "known to occur, only two
measurements, that is, one extra, need be made.
This establishes the linear dependence for that par-
ticular specimen.

where

M, is the mass of the material in
as-received condition, in kilo-

grams;
M, and M, are defined in 3.5.

When required by the specifications or

1.1

considered

useful to evaluate the test conditions correctly, add
to m, the following relative mass change mj,, due to

conditioning after drying:
my = (M; — M,)|M,

3.5 Calculations

3.5.1 Denpity and mass changes

3.5.1.1 Densities

Calculate the density p4 and/or p, of the conditioned
specimen ap-tested as follows:

Calculate the relative mass gain, m,,\d
men during the test as follows:

my,, = My — MM,
where

M, is the mass.of material in th
immediately after the test, in

Mg is the mass of dried or cong
tetial' in the specimen imm
fore the test, in kilograms.

f the speci-

e specimen
kilograms;

itioned ma-
ecdiately be-

pq=MJlV 3.5.20, Heat transfer properties
ps= M3V To make all the computations, use average values
of the observed steady-state data. The five meas-
where urements described in 3.3.5 shall be usqd as data in
. . these calculations. Additional measurg¢ments may
Pd the density of the dry material, as -
sted, in kilograms per cubic metre; be use.d so long as they do not differ from any of the
other five by more than 1 %.
Ps the density of the material after a’more
omplex conditioning procedure (very 3.5.2.1 Single-specimen configuration
equently up to the equilibrium with the
tandard Iaborgtory atmesphere), in kilo- 3.5.2.1.1 Single heat flow meter configyration
rams per cubic metrg;
M, the mass of malefial after drying, in Calculate the thermal resistance, R, of the speci-
ilograms; mens as follows:
M; is the massiof the material after a more R= AT
omplex.eonditioning procedure, in kilo- fe
rams;
where
|14 | i th ial . . .
ntheJV(-) ame OCCl.J.P.'-ed-by e r'?_gterla A is the calibration factor of the heat flow
dinci Ulylllu Ul l.,UllUIllUllllly, Wy CUauic 1mic . ree
tres meter, in watts per millivolt per square
’ metre;
e is the heat flow meter output, in milli-
3.5.1.2 Mass changes volts. P

Calculate the relative mass change of the material
as received due to drying, m, or due to a more
complex conditioning procedure, m,

m,= (M, — M))IM,

me= (M, — M3)[M,

26

If applicable (see 1.8.2 and 1.8.3), compute thermal
conductivity 1 or thermal resistivity r from the fol-
lowing equation:

1 _,,4d
l=—=fc AT

where d is the average specimen(s) thickness.
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3.5.21.2 Two heat flow meter configuration

All the requirements in 3.5.2.1.1 are applicable to
this  configuration, with fe replaced by
0,5 (fie, + f1e,) where the indices 1 and 2 refer to the
first and second heat flow meters respectively (of
which the surface temperatures are respectively T
and T)).

3.5.2.2 Two-specimen configuration

Calculate the total thermal resistance, R,, as follows:

1SO 8301:1991(E)

3.6.6 Relative mass changes during drying and/or
conditioning (see 3.5.1.2).

3.6.7 Relative mass change during test (see
3.5.1.2). Observed thickness and volume changes
during test (see 3.3.6).

3.6.8 Average temperature difference across the
specimen(s) during the test as computed from the
temperatures of the hot and cold working surfaces
and procedures for its determination (see 3.3.5).

R = f_? AT + AT

and, if applicable as in 3.5.2.1, the average thermal
conductivity 1,,, or thermal resistivity r,, as follows:

1. _Je( & d’
Aavg[= 7 =T< AT + AT )

avg

where the symbols are the same as above and the
subscripts refer to the two specimens (" for the first
specimejn, ”* for the second specimen).

3.6 Test report

If resultg are to be reported as having been obtained
by this nmpethod, then all pertinent requirements shall
be met. Where such conditions are not met, a state-
ment of compliance should be added, as required in
3.6.19.

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

3.6.1 r\r:me and any other_pertinent identification
of the mnaterial, includingNa physical description
supplied| by the manufacturer.

3.6.2 Dlescription of the specimen and its relation-
ship to the sample, supplied by the operator. Con-
formity b a material specification where applicable.
Method pf-specimen preparation for loose-fill mat-
erials with-indicati i

cover materials used for the containers.

3.6.3 Thickness of the specimen(s) as tested ex-
pressed in metres. In a two-specimen configuration,
this is the total thickness of the two specimens.
Specify whether thickness is imposed or measured.
Criteria to define the imposed thickness.

3.6.4 Method and temperature of conditioning.

3.6.5 Density of the conditioned specimen(s) as-
tested.

3.6.9 Mean temperature of test, kelvins or degrees
celsius.

3.6.10 Density of heat flow_ rate thfough specimen
at the equilibrium, watts)per square metre (see
3.3.5).

3.6.11 Thermakl 'fesistance, squarg metre kelvin

per watt, of specimen(s). Where
thermal resistivity, metre kelvins pg
conductivity,> watts per metre kelvii
thickness for which these values h{
ured ok are known to apply.

applicable, the
r watt, thermal
, and range of
ve been meas-

3.6.12 Type of heat flow meter dpparatus used,

with one or two specimens. Method
heat losses and the environment te
rounding the plates during test. Num
of heat flow meter(s).

3.6.13 Orientation of the apparatu
zontal or other. In the case of singl
paratus, the position of the hot side
when not vertical: top, bottom or oth

3.6.14 For tests made using sheef
posed between the specimen and

to reduce edge
mperature sur-
ber and position

: vertical, hori-
e specimen ap-
bf the specimen

er.

material inter-
the apparatus

surfaces or for tests made using water-vapour-tight

envelopes, information shall be give
and thickness of the sheet material
ope. If temperature sensors were us
the temperature difference in the s
mation shall be given on the solutior

n on the nature
or of the envel-
pd to determine
pecimen, infor-
adopted.

meter calibration, and the type, or
erials used.

f the last heat
types, of mat-

3.6.16 Duration of the full test and of the steady
state-part of the test if this information can help in

interpreting results.

3.6.17 The specimens used in calibration must be
identified as to type, thermal resistance, date of
specimen certification, source of certification, expi-
ration date of calibration, and the certification test
number.
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3.6.18 Estimation of errors: a statement on the
maximum expected error in measured property is
strongly recommended within the report; when one
or more requirements stated in this International
Standard are not fulfilled (see also 3.6.19), it is rec-
ommended to include a complete report on the es-
timation of error or errors on the measured
property.

3.6.19 Statement of compliance: where circum-
stances or requirements preclude complete compli-
ance with the procedure of the test described in this
International Standard, agreed exceptions may be

made but must be specifically explained in the re-
ports. A suggested wording is: “This test met all re-
quirements of ISO 8301 Standard Test Method with
the exception of ... (a complete list of exceptions).”

For direct-reading apparatus, the results of the cali-
bration of electronic circuitry and equipment, or a
statement of compliance including date, and a
statement of compliance on linearity requirements
shall be included.
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Annex A
(normative)

Limit values for apparatus performance and testing conditions

Clause . Description Value

1.1.1 Minimum measurable thermal resistance in a heat flow meter apparatus

FIET=d W LY 01 2.

tHA 8-+H m2 -K/W
1.6.3.1 Expected reproducibility with specimen maintained within the apparatus better than 1 %
1.5.3.1 Expected reproducibility with specimen removed and mounted again af-

ter long time intervals better|than + 1 %
1.53.2 Expected accuracy of the calibration of HFM method (when mean tem-

perature of the test is near the room temperature) -2 %
1.6.3.3 Expected HFM method accuracy (when mean temperature of the test\is

near the room temperature) 3 %
1.56.4.1 Suggested time limit to check the stability of calibration standards § years
1.54.2 Suggested calibration time intervals for the HFM method 24 h beforg or after the test
1.5.4.2 Calibration intervals if short and long-term stabilities of\the HFM have

been proved to be better than + 1 % 15dto30d
1.5.4.2 Upper acceptable limit in calibration stability -1 %
1.8.2 Upper acceptable dimension limit of any non-hgmogeneity of the speci- _1_a.

men 10
1.8.3.1 Upper acceptable limit for transfer factor_changes with thickness to as-

sign thermal conductivity or thermal transmissivity to the material 2%
22;285 Minimum thermal hemispherical emittance for any surface in contact

with the specimen 0,8
2211 Maximum departure from a plane of working surfaces of heating and

cooling units 0[025 %
22.1.2 Required heating unit temperature uniformity related to temperature

difference across thesspecimen 1%
2212 Maximum error in-measured heat flow-rate when HFM is placed in con-

tact with the working surface of a heating or cooling unit 1,5 %
2212 Required stability of the working surface temperature of the cooling and

heating units-during the test period, related to the temperature differ-

ence across the specimen .5 %
2.2.1.2 Required stability of the face of the HFM in contact with the specimen

related to the temperature difference across the specimen less than 0,5 %
2212 Maximum allowed fluctuations in the electrical output of the HFM related

to the temperature fluctuations at the surface of the HFM 2%
2223 Suggested maximum diameter for the cross-sectional area of the con-

ductors in the thermopile 0.2 mm
2223 Minimum HFM output without use of special techniques to prevent ex-

traneous thermal emf’s in leads, the measuring circuits and the HFM it-

self 0,0002 V
2223 Required ratio between metering area and the total surface of the HFM 10 % < 41 <40 %
2224 Maximum departure from a plane of the metering area of the HFM 0,025 %
2225 Suggested thickness of a metal or non-metal foil to be used to cover the

metering area 80 ym
2225 Suggested diameter for thermocouples used as surface temperature

sensors of the HFM 0.2 mm
22311 Required accuracy in the measurement of temperature difference be-

tween heating and cooling units in contact with specimen 1 %
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22311

22311

223.1.21

22313

22313

22313

22313

22322

2.23.2.2

2233
2242

2251

2253
232

23.2

3.2.1

32221

32221

322241

32221

3223

3.223.2
3.223.2

3.3.1

333

333

3.3.5.2

3.3.53
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Description

Minimum number of temperature sensors on each side of the working
surfaces of heating and cooling units

Minimum electrical resistance of the insulation between thermocouples
and apparatus metal plates

Minimum thermal resistance for non-rigid specimens to use permanently
mounted temperature sensors in the working surfaces of cooling and
heating units

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

Value

104/A4 or 2

1 MQ

0.5 m2 -K/W

0,6 mm

0.2-mn

Y
ppParatas

Suggested maximum thermocouple diameter when placed against or set
into the surfaces of the specimens

Maximum resulting error in measurements of temperature differences
due to distortion of the heat flow rate around the sensor, to sensor drift,
etc.

Required accuracy of electrical measurements of temperature differ-
ences across the specimen(s)

Required accuracy of electrical measurements of the output from the
HFM

Required accuracy in the measurement of specimen thickness

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

Minimum required difference between air dew point and-cooling unit
temperature

Maximum value for the edge heat loss error

Suggested ratio between the side of the HEMymetering area and the
maximum specimen thickness

Suggested ratio between the external side of the HFM and the maximum
specimen thickness

Maximum thickness difference forlwo specimens to be mounted in a
two-specimen apparatus

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

Maximum resistance for rigid specimens to measure temperature dif-
ference across the specimen either with thin sheets or temperature
sensors mounted-on the specimen .

Maximum resistance of interposed sheets with respect to the specimen
resistance

Minimum-number of thermocouples 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 thickness for plastic sheets in method B for loose-fill materials

0y2-mm

—_

less than|1 %

2%

2%

0,1 m2 -K/W

0,1

10/ A4 o¢r 2

10, bettdr 20
50 pm

Total hemispherical emittance of the surfaces seen from the specimen
at operating temperature

Required accuracy in the determination of specimen mass

Lower limit for temperature differences across the specimen when de-
termining an unknown relationship between temperature and heat
transfer properties

Upper recommended limit for temperature differences across the spec-
imen as above

Maximum thermal resistance change in five successive sets of obser-
vations to assess steady-state attainment

Upper acceptable variation function of time of the HFM output in respect
of its mean value

0,8 or greater
0.5 %
5K
10K
1%

1,5 %
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