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Foreword

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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Thermal insulation — Test method for thermal diffusivity
— Periodic heat method

1 Scope

This document specifies a periodic heat method for measurement of the thermal diffusivity of thermal

insulptiom mmatertat i the strapeof a fiat ptate:

2 Normative references

The following documents are referred to in the text in such a way that sonie\or all of their content

constitutes requirements of this document. For dated references, only th€)edition cited [applies. For

unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 8302:1991, Thermal insulation — Determination of steady-state ‘thermal resistance (and related

properties — Guarded hot plate apparatus

3 Terms and definitions

For the purposes of this document, the following terms@nd definitions apply.

[SO dnd IEC maintain terminological databases forsise in standardization at the following gddresses:

— ISO Online browsing platform: available athttps://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

phage

quantity that shows the stage-of progress in one period (3.5) of wave motion and other periodic

phenomenon

EXANPLE ot+¢, in g=Asin(wt+¢, ) is the phase.

3.2

phage lag

difference betwéen two phases (3.1) provided by periodic temperature changes meastyired at two

diffefent points on the surface and inside a test specimen

EXAMPLE When the periodic temperature changes 1 and 2 are given by y,=A;sin a)t+(p1) and
Y A PV izl b 1 log et £l PPN o

yz - ZDlll\WleIIZ } ) 1 CDPCLLIVCL)’, CIIC lJllClDC Aas DUCLVVOUIT LIICIIT IS !l}z !l}l .

3.3

amplitude

half of the difference between the maximum and minimum values of the amount of displacement in a
periodic temperature change

EXAMPLE Ain a sine wave given by Asin(wt+¢) or Aexp[i(wt+¢)] refers to the amplitude.
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amplitude ratio
ratio of two amplitudes (3.3) provided by periodic temperature changes measured at any point on the

surface and

EXAMPLE

inside a test specimen.

When the periodic temperature changes y; on the surface and y, inside the test specimen are

given by y, =Asin(wt+p,) andy,=A,sin(ot+g,), respectively, the amplitude ratio between the two
amplitudes is 4, /A, .

3.5
period
reproductio

Note 1 to en
frequency (3.1

3.6

frequency
number of
phenomena

Note 1 to ent

3.7
angular fre
rotation ang

Note 1 to enti
the reciprocd

4 Symbg
The symbol

 Interval of a periodic phenomenon (or a periodic function)

b) and w is the angular frequency (3.7).

Fy: Itis expressed as v=1/ f, where f is the period (3.5).

quency
le per second

1 of the period (3.5) f by 21 (2w/f).

s

5 used in this document are giverrin-Table 1.

Table 1 — Symbols

iry: When the time interval is constant, the period f is given by f=1/v=27n/0m, whete Vv

s the

repetitions of the same state within a certain time interval of any temporal periodic

y: Angular frequency is obtained by multiplying the frequency (3.6) v by 2m (2nv ) or by multiglying

Symbol Quantity Unif

a Thermal diffusivity m2/s

c Specific heat capacity J/ (kg +[K)
D Difference %

d Thicknegss.of test sp_ecimen (total thickness of the two pieces when using two m

stacked\test pieces in a measurement)

f Period s

i [fnaginary unit -

k Damping coefficient 1/m

L Length of one side of test specimen m

l Distance from periodic heating surface (d—xm ) m

m Mass prior to measuring thermal diffusivity (prior to grooving) kg

T Absolute temperature K

%4 Volume prior to measuring thermal diffusivity (prior to grooving) m3

X x coordinate m
Xm Location of temperature measurement point inside a test specimen m

5 Phase lag on x = 0 surface rad

n Arbitrary phase rad

2 © IS0 2021 - All rights reserved
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Table 1 (continued)
Symbol Quantity Unit

0 Temperature °C

A Thermal conductivity W/(m-K)

1% Frequency 1/s

T Circular constant -

P Density, bulk density kg/m3

¢ Phase lagat X =X cross section rad

07 ATgUIar fTequercy 1/s
5 Principle
5.1 | General
The periodic heat method is a method for obtaining thermal diffusivity-by measuring the femperature
at two different points in a test specimen. Thermal diffusivity is evaluated by the phase |ag between
two phases provided by periodically changing the temperature of one'side surface of the teft specimen.
Heref those temperatures are measured at any point on the heating surface and inside (the internal
plang perpendicular to the direction of thermal diffusion) thetest specimen.
This|measurement method uses a solution of the heat cenduction equation that is obtaingd under the
condjfition that the temperature on one side of a test specimen changes as a trigonometri¢ function of
time|and the change propagates in a one-dimensional*direction, and further, the temperature on the
oppdsite side is kept constant.
The |periodical temperature change on the heated surface shall be expressed by a trligonometric
function of time.
It is gontrary to the measurement principle to generate a distorted temperature change on the heated
surfdce. In addition, in reality, the waveform easily changes in a distorted temperature chpnge during
proppgation in a test specimen, and this becomes a cause of measurement errors.
5.2 | Calculation of thermal diffusivity
As shown in Figure 1,.the x-axis is taken upward along the thickness direction of a test specimen, and
the Neat dissipatiomsurface (the surface in contact with the low-temperature side heater) of the test
specjmen with thiekhess d is set as the origin, while the heating surface is set at x = d. Ac¢ordingly, as
shown by the-thick arrow, heat flows downward from the heating surface to the heat| dissipation
surfgce. At thesheat dissipation surface, the temperature is kept constant, and the temperature of the
heating supface is changed periodically based on 6y, +6, sin(wt+1n). Under these conditions, the phase
lag (rdd) between the point at x = d and an arbitrary point at x = x, is obtained by solving the one-
dimensional ieat conduction equation. As a result, Formula (1] 1S given (See FIgUure 2J.
© IS0 2021 - All rights reserved 3
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b'¢
d Oy +0,sin(wt+1n)

Xm| - Oy + 01 sin(wt + n+ @)
0 0.,

Key
1 testspecimen
2 heatflov

Figure 1 —+ Relation between test specimen and coordinate (one-dimensional heat flow, in|the
case 0, is kept constant)

/ 2
I Oy + 0 ,sin(wt +7)

Oy + 0 sinfwt +n+ @)

-2

0

Key
1 phaselag

[¢°]

2 amplitud

Figure 2 — Periodic tempeérature change, in the case 0 | is kept constant

inhkx_ (1+i
sinhkx_ ( +1)} O

q’:arg{ sinhkd (1+1)

The dampinjg coefficient k in Formula (1) is defined by Formula (2).

_[o
k—\/; @

Also, the angular frequency o is defined by Formula (3).

_2n

0= (3)
f
At this time, mean temperature of a test specimen 6 is calculated by Formula (4).
0 =(6y+6,)/2 4)

When using Formula (1), the surface temperature on the low-temperature side of a test specimen shall
always be controlled so as to be constant.

4 © IS0 2021 - All rights reserved
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If the periodical temperature changes on the low-temperature side, as described in Figure 3, it is also
possible to solve the phase lag between x = d and x = x,, by solving the one-dimensional heat conduction
equation in the same manner as shown above. However, in this case, thermal diffusivity is calculated
using the phase lag and the amplitude ratio.

b'¢
d Oy +0,sin(wt+1n)

X Oy + 01 sin(wt + n+ @)
0F 6 +0,sin(wt +n+¢)

Key
1 testspecimen
2 heatflow

Higure 3 — Relation between test specimen and coordinates (one-dimensional hgat flow,
in the case 6, changes periodically)

1

|—2

I Oy +0,sin(wt+1n)

Oy + 04 sin(wt + n+ @)

‘:3
“ N

0 +0,sin(wt +n+¢)

t

Key
1 phaselag
2 gmplitude

Figure 4 —=Periodic temperature change, in the case 8, changes periodically

As a|result, Fofimula (5) is given (see Figure 4). The coefficients used in Formula (5) ate shown in
Formulae (69\(7), (8) and (9). The damping coefficient k and the angular frequency w arg defined in

Formulae{2) and (3).
If thg temperature on the low-temperature side is constant, Formula (5) is equal to Formula (1).
0,y sin(¢@y )+6;, sin(q +¢) }Jr{o if 0,y cos(@)+6;, cos(p +€) =0,
61 cos(@y )+6,, cos(@ +e) | |7 if 6,y cos(qy)+6,, cos(@, +€) < 0,

o - cosh(2kx )—cos(2kx, ) ©)
H=70\ cosh(2kd)—cos (2kd)

q,:arctan{ (5)

3 cosh(2kl)—cos(2kl)
b= 2\/cosh(de)—cos(de) <@

© IS0 2021 - All rights reserved 5
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|

sinh{kl(1+i)}
sinh{kd (1+1)}

sinh{kx_, (1+i)}
sinh{kd (1+i)}

|

|

6 Test specimen

6.1 Samp

le

(8)

(9)

The test spg
1.8.2. Here,

the specime
and particle
specimen. T
fibre, rock
and concret
of materialg
result of phq

6.2 Detalils of test specimen

For exainple, when using a 3 mm diameter insulator tube, the minimum thickness d is 20 mm.

The details
a)
with thg
b) The reld
restrict
addition]
due to t
c) The heg
test spe|
d) The tes
there is
a constd
e) Thebul

atthe ti
diffusiv]

The dinensions of the test specimen shall be the same ‘as those of the heater for periodic he

s is independent of their location in the specimen, and there are no extremeyoids insi
he thermal diffusivity of various kinds of materials like fibrous insulatiens such as cer
vool, glass fibre and fibrous board, and furthermore, styrene foam;,~uréthane foam,
e can be measured by applying the periodic heat method. Howevet,-the thermal diffug
which undergo phase change, release gases, expand or shrink¢excessively or deform
nomena such as cracks cannot be measured by this method.

Df the test specimen are as follows.

e dimensional tolerance of +2 mm with respectto the heater dimensions.

tionship between the length L of one sidejand the thickness d of the test specimen shou
bd so as to reduce the error due to heatinflow (outflow) from the edges of the test specim
, the minimum thickness d of the testspecimen should be restricted so as to reduce the
he diameter of the thermocouplés on the upper/middle/lower surfaces of the test speci

ting and low-temperature-surfaces of the test specimen shall be smooth, and if neces
cimens made of deformable materials shall be held by a support frame or a spacer.

[ specimen shall be dried in a drier at 105 °C + 2 °C until it reaches a constant mass.
arisk of alteration or deformation by heat, the test specimen shall be dried until it rez
nt mass at atemperature that causes no alteration, deformation or other property cha

k densityof the test specimen can be calculated by using Formula (10) based on the vo
me ofinieasurement of thermal diffusivity and on the mass prior to measurement of the

ity

cimen taken from the sample shall satisfy the homogeneity prescribed in ISO 8302:1991,
fhe term “homogeneous” means that raw materials such as fibres and particles constitpiting
n are distributed evenly along the direction of heat flow. Namely, the distribuition of fijbres

e the
amic
brick
ivity
as a

ating

1d be
en. In
Prror
men.

sary,

Vhen
iIches
nges.

lume
rmal

P=V

(10)

It is recommended that the ratio of length to width of the specimen (L/d) be 6 or more, as L/d may
affect the results of the measurement. If it is necessary to use a smaller value of L/d, the accuracy of the
measurement shall be verified by the method described in Annex A.

6.3 Machining of test specimen

6.3.1 When using two test specimens

Prepare two test specimens with approximately the same bulk density, and perform the machining
work required to set the thermocouples for temperature measurement according to the procedure

6
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shown below. In this case, the total thickness of the specimen composed of the two specimens shall be
restricted as described in 6.2.

Figure 5 b),

a) On one specimen, cut a groove about 3 mm wide and 1,5 mm deep at the centre of one surface so
that the groove runs across the specimen; see Figure 5 a).

b) On the other specimen, cut a groove about 3 mm wide and 1,5 mm deep from the side to the centre
of the specimen surface. In Figure 5 b), the groove length is 60 mm to 65 mm. Also cut a groove
with the same dimensions on the other surface so that the groove runs across the specimen; see
Figure 5 b).

c) As shown in Figure § (‘), p]m‘p the test specimen in Figure 5 :1) aver the test specimen j
yvith no space between them.

Dimensions in millimetres
125

65
125 60

o

/ / 1
s
Lz 4
a) o
c)

Key

1 groove
Figure 5 — TeSt specimen (machining process required when using two test spe¢imens)

(example)
6.3.2 When using a single test specimen
Whebhusing a single test specimen; the thickness ofthe specimen shall be restricted as desd

sdribed in 6.2.

As shown in Figure 6, cut grooves about 3 mm wide and 1,5 mm deep at the centre of the top and
bottom surfaces so that the grooves run across the specimen. In addition, drill a hole having a diameter
of about 2,5 mm toward the centre perpendicular to the side surface from the centre of the thickness
direction on the side surface. In Figure 6, the length of the hole is about 60 mm to 65 mm.

© IS0 2021 - All rights reserved
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Dimensions in millimetres
125

65
60

20

_N -,

Key
1 groove
2 hole

Figure 6

— Test specimen (machining process required when using a single test specimeh)

(example)

7 Apparatus

7.1 Genefal

An example

furnace (2).

The standaf

apply if it is confirmed that the device can ensurg thé accuracy stipulated in this document.

of the measurement device is shown in Figure 7.CThis device is composed of three units,
which are periodic heater (3), low-temperature heater (5) With water cooling pump, and atmospheric

d size of the periodic heater shall be a 125 mm x 125 mm square. However, this shall not

© ISO 2021 - All rights reserved
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Key

d

1
|

q

\

D N O U1 A W

7.2

The
requ

The
mea

8 1

3 1 2
AN
15 ‘/ 1/0
\ ‘ |
IF Z = .
IFH/\\_ : [T
— ) \ \\
VAR B
o431 8§ 1 5 b 12

thermal insulation

tmospheric furnace

periodic heater

ecorder
pw-temperature heater
pecimen

vater cooling tank
irculating water

10
11
12
13
14
15

temperature controller
thermocouple for measurinigitemperature at high-temperg

thermocouple for measuring temperature inside specimen

thermocouple for measuring temperature at low-tempera
thermocouple for¢ontrolling temperature of atmospheric

ture surface

ture surface
furnace

thermocouple\fot controlling temperature of low-temperdture heater

thermocauple for controlling temperature of periodic hea

Figure 7 — Details of measurement device (example)

Temperature measurement instrument

temperature measufenient instrument to be used for measurement shall meet t}

rements.

calibrated thérmocouples with a diameter of 0,5 mm or less shall be used for {

urement.

Procedure

fer

le following

emperature

8.1

Rounding numbers

Measured and calculated values shall be rounded off to the specified digit.

8.2 Period of temperature change

In principle, the period of temperature change shall be set to 3 600 s.

Depending on L/d or thermal diffusivity, it is possible to use a shorter period of temperature change
than 3 600 s. When a different period is to be used, refer to Annex A.
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8.3 Amplitude of temperature change

The amplitude of periodic temperature change shall be approximately 3 °C to 5 °C on the heating
surface. Refer to B.1 about amplitude of temperature change.

8.4 Measurement method

Measurement shall be performed according to the following procedure. Refer to B.2 about propagation
of periodic temperature change.

a)

b)

f)

g)

h)

10

To measure the temperature on the surface and inside the test specimen, thermocouples as

prescritbed In /.1 shall be set on the surfaces ol the test specimen and 1nside the specimen.

Figure

surface
(x = X,
relative
specimg
specime

Inside t
specimg
two spe

The reld
surface
measur

The am
13). Th
range o

After th
change
test spe

The ten
interval
as to ing

The phd
positior
SO as to
position

Thermd

B shows the locations of the thermocouples: substantially at the centre of the(spec
(x = d), substantially at the centre of the interface between the upper and lowerspeci
and substantially at the centre of the low-temperature surface (x = 0). In\this casg
positions of the thermocouples (temperature sensors) on the surfase~and insidg
n shall be aligned within the radius of 1,5 mm to the normal line AB at the centre of th
n.

he specimen refers to the tip of the hole drilled from the side surface to the centre d
n (see Figure 6) when using a single test specimen, and thé centre of the interface d
cimens when using two specimens (see Figure 5).

5 (the heating surface and the low-temperature surface) and inside the specimen shg
bd to within 0,1 mm.

bient temperature is controlled by the atmospheric furnace and is shown in Figure 7
e atmospheric furnace shall stabilize the\ambient temperature within the temper
Fabout +1 K.

e temperatures at all positions be¢ome sufficiently stable, that is, when the temper:
s within about 0,5 K per hour, periodic heat with the period fis applied to the surface ¢
cimen.

jperature changes at the-three positions x = d, x = x,, and x = 0 are measured at a con
. The temperature digits-shall be measured up to 1 °C. The time interval shall be select
lude more than 100.:méasurement points in one period.

se lags shall begbtained from the phase difference between the measured temperatut
S X = x,,, andX="d. Therefore, the temperature changes at each x position shall be measg
be reproduced a sine curve. In order to obtain the sine curve, the temperature at e
shall besmeasured with an optimum resolution (e.g. 0,1 °C or 0,01 °C).

| diffusivities are calculated from three or more phase lags. After averaging these va

imen
mens
, the
2 the
e test

f the
f the

tive distances (x,, and d - x;, in Figure 8) between the three temperature sensors set op the

1l be

(key
iture

hiture
fthe

stant
ed so

es at
ured
hch x

lues,

the inte

ded mean thermal diffusivity is obtained
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X
d Oy +0,sin(wt+1n)

X Oy + 04 sin(wt +n+ @)
0" 6,

Tst Specimen
eat flow

The three temperature sensors (thermocouples) shall be set within a radius of 1,5 mm alorig the n
positioned at the centre of each surface.

Fig

8.5

and in test specimen

Calculation of thermal diffusivity

Obtafin the damping coefficient k by using Formula (1) withthe phase lag obtained by m
and ¢alculate thermal diffusivity a by Formula (11).

8.6

=2
2k?

Calculation of thermal conductivity

Wheh thermal conductivity A is desired;ealculate with Formula (12) using the thermal diffy
specific heat capacity c.

l=pca

r

[est report

The test report shallinclude the following items:

d)

e)

International Standard used (including its year of publication);

frequency (1/s) or period (s);

rmal line AB

ure 8 — Relative positional relation between thermocouples (temperature sensors) set on

pasurement,

(11)

Isivity a and

(12)

madn tamnaratura of 1 tact ¢
ea—etr TC C-ora—tEoto

TP TT

details of test specimen:

— name of material;

— dimensions and thickness (mm);
— dry mass (kg);

— bulk density (kg/m3);

thermal diffusivity (m?/s).

© IS0 2021 - All rights reserved
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Annex A
(normative)

Size of test specimen and period of temperature change

A.1 General

The ratio of
to heat infld

side length L to thickness d of the specimen (L/d) is restricted so as to reduce the erro

change the period of temperature change, depending on the L/d or thermal diffusivity of the'Speci

As referend
thermal diff
between thd
temperatursg

Thermal dif]
and a heatd
by CAE. The

An unst
analysiy

The an
from t
(specim

The in-
The in-

At the s
transfer

A.2 Size

Table A.1 s]

e change.

fusivity was calculated by Formula (1) using the known temperatures of a heated su
ssipation surface (set temperatures) and the temperaturein the specimen centre calcu
conditions of the calculation were as follows.

eady heat transfer analysis was performed using the'finite volume method of thermal
CAE software SCRYU/Tetra (Software Cradle Cezktd.).

lysis region was a rectangular solid specimen;and the heater and other parts were excl
e analysis region. The boundary surfaces 'were three types, namely, the heated su
en top side), the heat dissipation surfacé (specimen bottom side) and other surfaces.

lane temperature of the heat dissipation surface was fixed at 390 °C.

ide surfaces, the heat transfer condition of a representative temperature 400 °C and
coefficient of 100 W/(m2K) was assumed.

pf test specimén

nows the difference (in percentage) between the true thermal diffusivity (input vj

and the nominal thermal diffusivity (calculation results) when L/d of the test specimen was chal

Formula (A.

1) was used to calculate this difference.

D=(a

n

w (outflow) from the edges of the specimen. In addition, in some cases, it is advisah

e, this annex presents the results of calculations of the difference thetween nof
usivity and true thermal diffusivity (input value) when L/d is changed,and the differ
true thermal diffusivity (input value) and the nominal thermal diffusivity on the peri

lane temperature of the heated surface was changed over time atarate of (410 + 5 sin(w!

r due
le to
men.

ninal
ence
lod of

rface
lated

fluid

uded
rface

) °C.

heat

alue)
nged.

~d=)/ a, x100

(A1)

where, a, is true thermal diffusivity (input value) and a, is nominal thermal diffusivity (calculation

result).
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Table A.1 — Difference of calculation results of thermal diffusivity on L/d of test specimen
(simulation results)

a f p c Lyd D [%]
m?/s s kg/m3 1/(kg'K) d=20 mm d=40 mm d=50 mm
2 25 24 22
50x10~7 | 3600 200 1000 Z
8
A.3 | Period of temperature change
Tablgs A.2 to A.4 show the difference between the true thermal diffusivity (input valuej and|the nominal
thermal diffusivity (calculation value) on the period of temperature change.
Table A.2 — Difference between calculation results and input values,ofthermal diffusivity on
the period of temperature change (simulation results fd = 20 mm])
d=20 mm
a P ¢ L/d : : D [%] : :
m2/s kg/m3 | J/(kgK) f=900s @ f=1800s “=2700s : f=3600s : f=4500f  f=5400s
2 4 16 22 24 25 26
’ 6 0 : 0 : 0 : 0 : 0 :
e M s E s S s S
2 23 24 25 25 25 25
’ 6 0 0 0 0 0
D e e s S
2 22 22 22 22 22 22
’ 6 0 0 0 0 0
S . e o . 0 ;
2 12 12
5 X10_6 200 1000 4 . 1 OSSO U 1
’ 6 0 0

Table A.3 — Dilference between calculation results and input values of thermal diffusivity on
the period of temperature change (simulation results [d = 40 mm])

d=40 mm
a p c L/d : : D:[%] : :
m?2/s kg/m3 | J/(kg-K) f=900s : f=1800s : f=2700s : f=3600s : f=4500s : f=5400s
2 0 0 1 4 8 11
10X10_7 200 1000 4 ................. 1 ........ : 0 0 s 0 oo 0 . R O ............
’ 6 1 ‘ 0 0 0 0 0
..... o o o o e
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