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Forewo

rd

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-govern
Internationg

Internationg
The main t

adopted by
Internationg

mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
hsk of technical committees is to prepare International Standards. Draft Interdational Stand

the technical committees are circulated to the member bodies for voting,“-Publication as
| Standard requires approval by at least 75 % of the member bodies casting avote.

the

ards
an

Attention is|drawn to the possibility that some of the elements of this document miay be the subject of pgtent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 220072 was prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee SC 5, Physjcal-
chemical properties.

ISO 22007 |consists of the following parts, under the general-titte Plastics — Determination of thefmal
conductivity and thermal diffusivity:

— Part 1:|General principles

— Part 2:|Transient plane heat source (hot disc) method

— Part 3:Temperature wave analysis method

— Part 4:|Laser flash method

In this corfected version of 1ISO 22007-2:2008, Figure 3 has been amended to remove a horizontal |line

running bet

lveen AU and the earth.connection.
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Introduction

A significant increase in the development and application of new and improved materials for broad ranges of

physical, chemical, biological and medical applications has necessitated better performance

data from

methods of measurement of thermal-transport properties. The introduction of alternative methods that are
relatively simple, fast and of good precision would be of great benefit to the scientific and engineering

conjmunities

A number of measurement techniques described as contact transient methods have been)developed and

several have been commercialized. These are being widely used and are suitable for testing ma

ny types of

matgrial. In some cases, they can be used to measure several properties separately orsimultaneopsly [21:[3],

pro

A further advantage of some of these methods is that it has become possibleto measure the true bulk
Ierties of a material. This feature stems from the possibility of eliminating|the influence of the thermal

conjact resistance (see 8.1.1) that is present at the interface between the probe and the specimen

surfaces [11.[31.[41.[51.[6],
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nsient plane heat source (hot disc) method

1

1.1
diffy
can
env

1.2

matgrials with a uniaxial structure. In general, the method is:suitable for materials having values

con
diffy
ran

NOTE
thermal diffusivity, ¢, i.e. C = /e, and is in the approximate range 0,2 MJ-m=3.K-'< C <5 MJ-m=3.K-". It is alg
as the volumetric heat capacity.

1.3
ther

2
The)
refe
docl

ISO

ISO

Scope

This part of ISO 22007 specifies a method for the determination of the thermal conductivity
sivity, and hence the specific heat capacity per unit volume, of plasties.“The experimental 3
be designed to match different specimen sizes. Measurements can\bé made in gaseous &
ronments at a range of temperatures and pressures.

This method is suitable for testing homogeneous and~isotropic materials, as well as
Huctivity, 4, in the approximate range 0,01 W-m~1.K1< 1 <500 W-m~1.K-! and values
sivity, «, in the range 5x 108 m2.s-1 < 2 <104 m2s™1, and for temperatures, 7, in the 3
e 50K < T<1000K.

The specific heat capacity per unit volume, € can be obtained by dividing the thermal conducti

The thermal-transport properties-ef.liquids can also be determined, provided care is taken
mal convection.

Normative references

following referenced’ documents are indispensable for the application of this document
rences, only theedition cited applies. For undated references, the latest edition of the
iment (including-any amendments) applies.

472, Plastics — Vocabulary

22007-1, Plastics — Determination of thermal conductivity and thermal diffusivity — Part

and thermal
rrangement
nd vacuum

anisotropic
of thermal
of thermal
pproximate

ity, 4, by the
o referred to

to minimize

For dated
referenced

1: General

prin|

ciples
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in 1ISO 472 and ISO 22007-1 and the

following apply.

3.1
penetration depth

Ap
pen
measure of how far into the specimen, in the direction of heat flow, a heat wave has travelled

NOTE 1 For this method, the penetration depth is given by

Appen T K/ Lot

where
ot is fhe total measurement time for the transient recording;
a is the thermal diffusivity of the specimen material;

x is @ constant dependent on the sensitivity of the temperature recordings.

NOTE 2 I} is expressed in metres (m).
3.2
probing depth
ApPrOb . . . o . .
measure oflhow far into the specimen, in the direction of heat*flow, a heat wave has travelled during the {ime
window us€gd for calculation
NOTE 1 The probing depth is given by

APprob T K\ Imax
where 1. ig the maximum time of the time window used for calculating the thermal-transport properties.
NOTE 2 It is expressed in metres (m),
NOTE 3 A\ typical value in hot-disc-measurements is k= 2, which is assumed throughout this document.
3.3
sensitivity [coefficient
Py
coefficient defined<by-the equation

5 ofar(r)]

q=4 oq

where

q is the thermal conductivity, 1, the thermal diffusivity, «, or the volumetric specific heat capacity, C;

AT(¢) is the mean temperature increase of the probe

NOTE 1 Different sensitivity coefficients are defined for thermal conductivity, thermal diffusivity and specific heat per

unit volume 81,

2 © 1SO 2008 — Al rights reserved
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NOTE 2 To define the time window that is used to determine both the thermal conductivity and diffusivity from one
single experiment, the theory of sensitivity coefficients is used. Through this theory, which deals with a large number of
experiments and considers the constants, ¢, as variables, it has been established that

030<t al2<1,0

max

where r is the mean radius of the outermost spiral of the probe.

Assuming x = 2, this expression can be rewritten as

1,1}’ S Approb < 2,0}’

4 |Principle

A specimen containing an embedded hot-disc probe of negligible heat capacity is allowed 6 eqdilibrate at a
givgn temperature. A heat pulse in the form of a stepwise function is produced by an electrical curfent through
the probe to generate a dynamic temperature field within the specimen. The increasg in‘the temperature of the
prolbe is measured as a function of time. The probe operates as a temperature,'sensor unified |with a heat
soufce (i.e. a self-heated sensor). The response is then analysed in accordance \with the model dgveloped for
the ppecific probe and the assumed boundary conditions.

5 |[Apparatus

5.1| A schematic diagram of the apparatus is shown in Figure_1:

2
3
6 7

8 4
Key
1 ppecimen with-probe 5 bridge circuit
2 fchamber 6 voltmeter
3 |vacuutm-pump 7  voltage source
4  thermostat 8 personal computer

Figure 1 — Basic layout of the apparatus

5.2 A typical hot-disc probe is shown in Figure 2. Convenient probes can be designed with diameters from
4 mm to 100 mm, depending on the specimen size and the thermal-transport properties of the material to be
tested. The probe is constructed as a bifilar spiral etched out of a (10 + 2) um thick metal foil and covered on
both sides by thin (from 7 ym to 100 ym) insulating film. It is recommended that nickel or molybdenum be
used as the heater/temperature-sensing metal foil due to their relatively high temperature coefficient of
electrical resistivity and stability over a wide temperature range. It is recommended that polyimide, mica,
aluminum nitride or aluminum oxide be used as the insulating film, depending on the ultimate temperature of
use. The arms of the bifilar spiral forming an essentially circular probe shall have a width of (0,20 + 0,03) mm
for probes with an overall diameter of 15 mm or less and a width of (0,35 + 0,05) mm for probes of larger
diameter. The distance between the edges of the arms shall be the same as the width of the arms.

© 1SO 2008 — Al rights reserved 3
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(6995

e

Figure 2 <-Probe with bifilar spiral as heating/sensing element
(Sengor diameters, D, frem 4 mm to 100 mm can be used, depending on available specimen size)

5.3 An electrical bridge shall be used to record the transient increase in resistance of the probe. Thrqugh
the bridge, which is-nitially balanced, the successive increases in resistance of the probe shall be followed by
recording the imbalance of the bridge with a sensitive voltmeter (see Figure 3). With this arrangement,| the
probe is placed‘in series with a re3|stor which shall be deS|gned in such a way that its re3|stance is kept
strictly constart—threughott—the—transiert—These—two—eompenents—are—eembired efsion
potentiometer, the resistance of WhICh shall be about 100 tlmes Iarger than the sum of the reS|stances of the
probe and the series resistor. The bridge shall be connected to a power supply which can supply 20 V and a
current of up to 1 A. The digital voltmeter by which the difference voltages are recorded shall have a resolution
corresponding to 6,5 digits at an integration time of 1 power line cycle. The resistance of the series resistor,
Rg, shall be close to the initial resistance of the probe with its leads, Ry + R, in order to keep the power output
of the probe as constant as possible during the measurement.

4 © 1SO 2008 — Al rights reserved
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FVO— AU —o L

Key

befd
and

NOT
line

5.4
sha

6

6.1

6.1

potentiometer
probe
probe leads

Figure 3 — Diagram of bridge for recording the resistance increase of the probe
s the series resistance, R| is the total resistance of the probe) leads, R is the resistance g
re initiating the transient heating, AR is the increase in resistance of the probe during the trans
AU is the voltage imbalance created by the increase in theresistance of the probe.

E This experimental arrangement allows the determiination of temperature deviations from the ite
see treatment of experimental data in 8.1) down to or better than 50 pK.

A constant-temperature environment controlled to + 0,1 K or better for the duration of a m
| be established. The chamber need only.be evacuated when working with slab specimens (se

Test specimens

Bulk specimens

Jl  For bulk specimens; the requirement for specimen thickness depends on the thermal prop

f the probe
ent heating

ated straight

pasurement
P 6.3).

erties of the

material from which the'specimen is made. The expression for the probing depth contains the diffu

isn
exp
8.1
fulfi

The

bt known prior t0the measurement. This means that the probing depth has to be calculated af
briment has been completed. If, with this new information, the probing depth is outside the li

B, the testshall be repeated, with an adjusted total measurement time, until the required co

led.

nec

shape of the specrmen can be cyllndrlcal square or rectangular Machrnmg to a certain s|

reqwrements on the sensor size glven in 8.1. 3 are fulfllled

Sivity, which
er an initial
its given in
ditions are

ape is not
sor and the

6.1.2 The thickness of the specimen shall be at least 20 times the characteristic length of the components
making up the material or of any inhomogeneity in the material, e.g. the average diameter of the particles if
the specimen is a powder.

6.1.3 The specimen dimensions shall be chosen to minimize the effect that its outer surfaces will have on
the measurement. The specimen size shall be such that the distance from any part of the bifilar spiral of the
hot-disc probe to any part of the outside boundary of the specimen is larger than the overall mean radius of
the bifilar spiral (see 5.2). An increase in this distance beyond the size of the diameter of the spiral does not
improve the accuracy of the results.

© 1SO 2008 — All rights reserved
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6.1.4 Specimen surfaces which are in contact with the sensor shall be plane and smooth. The specimen

halves shall be clamped on to both sides of the hot-disc probe.

NOTE Heat sink contact paste is not recommended since:

a) itis difficult to obtain a sufficiently thin layer of paste which will actually improve the thermal contact;

b) the paste obviously increases the heat capacity of the insulating layer and delays the development of the constant
temperature difference between the sensing material and the specimen surface;

c) it is difficult to obtain exactly the same thickness of paste on both sides of the probe and achieve a strictly
Symme ;bd: ﬂUVV Uf :cht fl UITI ﬂIU :IUdt;llgl’bUllb;lly Illdtcl;d: t;IIUuU;I t:IU ;Ilbu:dt;ull ;IItU t;IU tVVU DPU\,;IIIUII :IO:VUD.

6.1.5 Forl liquids, suitable containment vessels with adequate seals are necessary and air bubbles [and

evaporatior| shall be avoided.

Storage angl conditioning of the liquid may affect its properties, e.g. by absorbtion of water(or‘gas. It may be

necessary jo pretreat the specimen prior to testing, e.g. by degassing. However, pretreatment procedures

shall not belused when they could detrimentally affect the material to be tested, e.g. thréugh degradation.

6.1.6 Forl materials with which significant dimensional changes may -occtur, e.g. when making

measuremgnts over large temperature ranges, due to thermal expansion, a change of state, a phase

transition of other causes, care shall be taken to ensure that, when placing/the“hot-disc probe in contact with

the specime¢n, the applied load does not affect the properties of the specimeén:.

With soft materials, the clamping pressure shall not compress the specimen and thus change its thermal-

transport prpperties.

6.1.7 The specimen shall be conditioned in accordance with the standard specification which applies tq the

type of material and its particular use.

6.2 Anis

6.21 Ifa
oriented in

ptropic bulk specimens

material is anisotropic, specimens-shall be cut (or otherwise prepared) so that the probe can be

the main directions (e.g. the fibre directions in reinforced plastics, the main directions in layg

ered

structures ¢r the principal axes in crystals) [4L[7]. The hot-disc method is limited to materials in which| the
thermal properties along two of the orthagonal and principal axes are the same, but are different from those
along the tHird axis.

6.2.2 The size of anisotropic.specimens shall be chosen so that the requirements of 8.1.3 are fulfilled along
the principgl axes.

6.3 Slab|specimens

The so-called slab-method is used with sheet-formed specimens extending in two dimensions, but with a
limited and |well*défined thickness in the range from 1 mm to 10 mm [8]. The slab specimen thickness shall be
known to ah accuracy of 0 01 mm When two pqually thick slabs of a material are rlamppd around a p obe

and thermally insulated on the outer sides, it is possible to measure the thermal conductivity and diffusivity of
such specimens. The condition related to the probing depth (see 3.2) has to be fulfilled in the plane of the
probe but not in the through-thickness direction. This method is particularly suited to studies of materials
having thermal conductivities higher than 10 W-m=1.K-1 but can also be used for materials with thermal
conductivities as low as 1 W-m~1.K-1, provided good thermal insulation of the slabs can be arranged (for
instance by performing the measurements in a vacuum).

6.4 Thin-film specimens
The so-called thin-film method is used with specimens such as paper, textiles, polymer films or deposited thin-

film layers (such as ceramic coatings) with thicknesses ranging from 0,01 mm to 1,0 mm [10]. The thickness of
thin-film specimens (placed on both sides of the probe) shall be known to an accuracy of £ 1 ym.

© 1SO 2008 — All rights reserved
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NOTE 1 When making a measurement on a material with a high thermal conductivity, the temperature undergoes a
rapid increase at the very beginning of the transient followed by a much more gradual increase. The insulating layer,
between which the sensing spiral is sandwiched, causes this rapid increase. It has been shown both experimentally and in
computer simulations that the temperature difference across the insulating layer becomes constant within a very short time
and remains constant throughout the measurement. The reason is that the total power output, the area of the sensing
material and the thickness of the insulating layer are constant in the test.

If thin films of a material are placed between the probe and a high-conductivity background material (in the
form of an “infinite” solid), it is possible to measure the thermal conductivity of the film material, provided that
the thermal conductivity of the insulating layer with which the probe is covered has been determined in a
separate experiment [10],

NOTE 2 It might be necessary to make measurements on films of different thicknesses or with different clamping
pressures to eliminate mathematically the influence of thermal contact resistances.

Thel thermal conductivity of the background material shall be at least 10 times greater than. that of the thin-film
matgrial.

In ofder to simulate better a plane heat source when testing thin films, a probe-similar to the one|depicted in
Figyre 2 shall be used. However, the circular strips should preferably have "a width of 0,8 mm and the
opehings between the strips should only be 0,2 mm. When using a probe with-thermal insulation o both sides
of the bifilar spiral, an initial test to determine the effective thermal conductivity of the insulatjon and the
adhgsive holding the probe together shall be carried out.

7 |Procedure

7.1| Place the probe between the plane surfaces of(two specimen halves of the material whopse thermal
properties are to be determined.

Clamp or assemble the specimen/probe assembly, securely in the test rig.

NOTE 1 When studying liquids, the probe is\simply dipped into the liquid, often with an arrangement to kgep the probe
flat.

NOTE 2  The total temperature increase in the specimen is normally less than 2 K. This means that the th¢rmodynamic
stat¢ of the material under test hardly~changes during the measurement process and the thermal propertieq can thus be
ascnbed to the equilibrium temperature attained prior to the test.

7.2| Assemble the complete system in a constant-temperature chamber and allow it to attain {emperature
stahility as defined in 5:4:

7.3| Balance the*electrical bridge prior to the test. For a sensor with an initial resistance betwdgen 1 QO and
50 @, the voltage Tor balancing the bridge shall be selected such that the current does not exceed 1 mA.

7.4| Applythe heat pulse and record the temperature during a predetermined measuring time.|Use values
proyidediin Table 1 as an initial guide for the power output and the measurement time.

NOTE In general, a lower power output is preferred in order to minimize the perturbation of the system. However, it
should be noted that the sensitivity of the temperature recording increases when the power output (and consequently the
current) is higher, which is the case when studying materials with high thermal conductivity. For this reason, it is possible
to obtain good precision in measurements on such materials even with temperature increases of only a fraction of a
degree.

7.5 The voltage imbalance is determined and recorded at appropriate time intervals over the duration of the
measurement time. It is recommended that the frequency of data acquisition be such that at least 100 data
points are collected during the measurement time. If the method is used to measure the thermal-transport
properties of liquids, the measurement time shall be limited to 1 s so that thermal convection in the liquid does
not perturb the measurement.

© 1SO 2008 — Al rights reserved 7
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Table 1 — Summary of recommended experimental parameters
for a range of materials with different thermal conductivities

Metal alloy Dens? Steel Ceramic Polymer Insulat_ing
ceramic material
Thermal conductivity [W/(m-K)] 170 40 14 1,5 0,19 0,028
Thermal diffusivity (mm?/s) 69 11 3,7 0,96 0,11 0,75
Temperature increase (K) 0,3 0,5 1,0 0,8 1,3 2,5
Probe radius (mm) 15 6,4 6,4 6,4 6,4 15
Specimen thickness (mm) 30 10 10 10 15 30
Specimen dlameter (mm) 90 40 40 40 40 90
Measuremept time (s) 5 10 10 40 160 160
Power outpdit (W) 4 3 2 0,5 0,25 0,1
7.6 The resolution of the equipment shall be better than 0,001 K.
7.7 Calcylate the temperature increase from the voltage readings, AU(¢), using the following equation:
-1 -1

AT (1) (Rg + R+ Ro) AU (1)[ JoRs =AU ()] (aRy) (1)

where

R, is [he total resistance of the leads;

Rg s [he series resistance (see 5.3);

Ry s [he initial resistance of the probe;

a is [he temperature coefficient of resistance (TCR) of the probe;

Jo is [he current through the sensor at the start of the transient — this current can easily be determ|ned
byl measuring the voltage.across the bridge at the end of the transient before the heating currept is
tufned off and dividing by.(Rg + R + Rp) ['].

7.8 Chanlge the test temperature successively to cover the desired temperatures for the specimen, making
sure that temperature equilibrium is reached at each temperature.

Multiple mgasurements under the same experimental conditions should preferably be undertaken. At Ipast
three are rgcommended at the same temperature. Each consecutive measurement should be made after] the
system hag stabilized at the initially chosen temperature. The time to reach thermal equilibrium will yary
depending on-specimen size, form and thermal properties

Upon completion of the test at the highest temperature, it is recommended that a repeat measurement be
made after cooling to one or more lower temperatures. This makes it possible to detect any degradation in the
specimen properties that may have occurred due to exposure to elevated temperatures.

7.9 The thermal conductivity shall be reported along with the conditions under which it was measured such
as temperature and pressure. Compositional variation of the material and its direction and orientation in the

specimen s

hall be reported whenever a material is not homogeneous or isotropic.

© 1SO 2008 — All rights reserved
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8 Calculation of thermal properties
8.1 Bulk specimens
8.1.1 For small increases in the temperature of the probe, we have

R(t)=Ro[1+a-AT(t)] 2)
where

AT(t) (= T(¢) - Ty) is the mean temperature increase of the probe;

Ry is the initial resistance of the probe at temperature 7},

a is the temperature coefficient of resistance (TCR) of the probe.
The| temperature increase can be seen as consisting of two parts. One part represents the {emperature
diffgrence across the intercalated insulating layer and the other part the temperatQre increase of the specimen
surface during the transient measurement. This can be expressed as

AT (t)= AT;(¢)+ ATg(¢) ®)
whqgre

ATi(#) is the increase in temperature over the insulating-layers of the probe;

AT4(r) is the increase in the temperature of the specimen surface.
With the assumption that the bifilar probe can be-approximated by a number of concentric and eqyally spaced
circlilar line sources, the solution of the thermal.conductivity equation (see Reference [1]) is given by

AT, (7) = Py (n3’2r/1)_1 D(r) (4)
whqgre

Py is the power output of the probe;

r is the radius’of the outermost ring source;

A is thesthermal conductivity of the specimen material;

T is defined as

T= ([/'6)1/2 (5)
where 0= 1?/a;
D(7) is the dimensionless specific time function, defined as
oL |, —(12+k2)
D(z)=[m(m+1)] 2£G 2 ;z;kexp = 10[2’”1;‘02] do (6)

© 1SO 2008 — Al rights reserved 9
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in which
m is the number of concentric ring sources;
o is the integration variable;
Iy is a modified Bessel function.

Typical values of D(z) are given in Figure 5.

A time corr

oction, ¢.. shall be introduced because of unavoidable hardware and software delays. This m

ans

that the de
time correc
where

o[

Typical time
time.

NOTE 1 /
constant. Th
thickness of
time is less t

NOTE2 1
difference, A

NOTE 3
temperature

8.1.2 Thgq
diffusivity,
between A
correction g
this line [se

8.1.3 The
straight ling
analysis. TH

As the speqg
deviation w|
the end of t

NOTE |

elopment of the full power output of the sensor may not coincide exactly with the time 7= 0pa
tion shall be introduced accordingly. This is accomplished by replacing z by 7, in Equation

'_tc)/'g]v2

corrections are a fraction of a second and shall not be larger than 0,5 %, ef thee total measuren

\T}(1) becomes constant after a short time provided the insulating layerCis thin and the power outp
e time it takes to approach this constant value is determined by the‘relaxation time, 62/04, where ¢ is

nan 10 ms and the time required to reach a constant temperature. difference is less than 100 ms.
(), enables the true bulk properties of the specimen material to be determined.

ncrease, AT (¢), and D(z) [see Figure 4 b) where, .in'the example given, AT, = 0,656 6 and AT(¢) = 1,894D

calculation of thermal conductivity and”diffusivity starts with an iteration procedure with
b, and the time correction, 7., as optimization variables. Through iteration, a linear relation
() and D(7) is established (by ‘aleast-squares fitting procedure) and the diffusivity and
re obtained from the final step.of the iteration procedure. Finally, 1 is determined from the slop

e Equations (4) and (5)].

initial time window selected for the analysis may result in experimental points deviating fro
[see Figure 4 b)]. By.;removing deviating data points, a correct time window is obtained for
e graph of residuals\[see Figure 4 c)] displays clearly the deviating points.

imen is of limited size, its boundaries might, after some time, affect the temperature increase.
Il become-apparent in the graph of residuals [see Figure 4 c)] and, if there are deviating poin
ne transient, these shall also be deleted.

h view of the statistical nature of the expression used for the probing depth (see 3.2), it can be stated tha

nd a

(®),

7)

hent

ut is
the

the insulating layer and ¢, is the thermal diffusivity of the layer. For'a typical insulated probe, the relaxation

[he possibility of determining the thermal contact resistance experimentally via the initial temperature

[ the thermal diffusivity and time correction are known*(see 8.1.2), there is a linear relationship between the

(7).

the
ship
ime
e of

m a
the

lhis
s at

t the

probing dept

h will have to be larger than the radius but less than the diameter of the bifilar spiral of the probe in ord

er to

determine both the thermal conductivity and the thermal diffusivity from one single transient recording.

10
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AT (K) A
15 1
1,2
0,9
0,6 P
0,3 1
0 1 1 1 1 1 :
0 4 8 12 16 20\~ £ (s)
a) Temperature increase versus time
AT (K) A
15
1,2
0.9 T Qoooo&w
<
0,6
0,3t
0 : : : : >
0 0,1 0,2 0,3 0,4 D(7)
AT =1,894D(z) + 0,656 6
R?=0,999 999 913
b) Temperature increase versus D(7)

| AL ¥ PUAY
L] lsule = \LUrnmrucu)
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AT exp AT model (K)‘
0,011 °

T
<

-0,011

Key
D(z)

AT

ATexp = AT g

8.2 Anis

For anisotrq
heat capac
a- and b-ax
out by the «

AT (7

where

The model fitting has been performed on the solid black points. The mean deviation of these points

=0;022—T

-0,033

-0,044

c) Temperature residuals versus D(7)

from the fitted straight line is 30 pK.)

specific time function

correlation coefficient

time

temperature increase
4ol temperature residual

Figure 4 — Various temperature increase/time plots

ptropic bulk specimens

pic materials, a separate determination of specific heat and density is required since the spe

A s

cific

a

(4

Ta = (t/ea)vz

where

An iteration

specific heat capacity per unit volume, C, is known, then

12

=C.

%y

ty per unit volume is nécessary to calculate the thermal properties. If the properties along| the
bs are the same, but different from those along the c-axis, and if the plane of the probe is magped
- and b-axes, the follewing expression for the temperature increase applies:
3/2 127"
)= Py [n fa2,) } D(z,) (8)
he-thermal condu mfivify nlnng the n_avie;
A. is the thermal conductivity along the c-axis;
9)
0,= rzlaa.
— similar to the one presented in 8.1 — will give the thermal diffusivity, «,, along the a-axis. If the

(10)
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From the slope of the line corresponding to Equation (8), 4. can be obtained since 4, is known from
Equation (10). Finally, the thermal diffusivity along the c-axis can be calculated from the standard relationship.

It is consequently possible to obtain the thermal conductivity and the thermal diffusivity in the principal
directions in a uniaxial material from one single transient measurement, provided the specific heat capacity
and density are known. (The heat capacity per unit volume is the product of the specific heat capacity and the
density.)

8.3

Wh

Slab specimens

n er\l\ling the thermal nnndlmﬁ\/ify nqunfinn, the mathematical “method of imngnc” has heen

used, with

the
tem

whd

Mak

upp,
of K

assumption that no heat loss occurs from the upper and lower faces or the edges of the _spq
perature increase can then be expressed as

ATy (z‘) =F (nalzrl)_1 E(r)

re
E(r)=[m(m+1)] jgZIizikexp(—(ﬂ;k;)}o(z léf sz”zieXp[——Z[%jz]}do
0 =1 k=1 m-o pa o
h is the thickness of each of the two slabs;
o is the integration variable.
ing the measurement in a vacuum or in still airt\normally fulfils the condition that the heat Ig

er and lower faces and the edges of the specimién must be negligible. Figure 5 depicts D(7) an
7) functions.

E(z), D(z)A

3_

E(z, hla = 0,2)

cimen. The

(11)

; (12)

ss from the
d examples

4)

E(z, hla =0
1 i /

D(r)

0 | | | >
0 0,5 1 1,5

N

Figure 5 — D(7) and E(7) functions plotted for values of rup to 1,5
(In all three cases, it has been assumed that the number of concentric ring sources is 10

© 1SO 2008 — All rights reserved

)

13


https://standardsiso.com/api/?name=9711f1d16d04c482765be3b9c615d96f

