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Abstract

The hot disk technique represents a transient plane source method for rapid thermal conductivity and thermal diffusivity measurement
The main advantages of the hot disk technique include: wide thermal conductivity range, from 0.005 W/(m K) to 500 W/(m K); wide range
of materials types, from liquid, gel to solid; easy sample preparation; non-destructive; and more importantly, high accuracy. In this paper,
the basic theory of thermal conductivity measurement with hot disk sensor will be discussed. Starting from the instantaneous point sourct
solution, the mathematical expression of the average temperature change in the sensor surface during a hot disk measurement will be derive
This temperature change, which can be accurately determined by measuring the electrical resistance of the sensor, is highly dependent
the thermal transport properties of the surrounding material. By analyzing this temperature change as a function of time, it is possible tc
deduce the thermal conductivity and the thermal diffusivity of the surrounding material. Several practical considerations, from sample size
requirement to the elimination of thermal contact resistance, will also be discussed.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Thermal conductivity; Hot disk technique; Thermal diffusivity

1. Introduction [1]. The comparison of various transient techniques can be
found elsewherg?]. Other transient techniques include the
Thermal conductivity is a key thermal transport property 3w method[3,4], the differential photoacoustic methfl,
of materials. Knowledge of a material’'s thermal conductivity the pulsed photothermal displacement techniGlieand the
is crucial for a wide range of applications, including polymer thermal-wave techniqufg’]. Other techniques can be found
injection molding, home insulation using various building in ref.[8].
materials, insulation for space shuttle, and thermal man- Recently, the hot disk technique, which is a transient plane
agement of electronic packages in semiconductor industry, source technique, has gained popularity as a tool for rapid and
etc. accurate thermal conductivity measurement. A precursor to
There are two main categories of techniques to measurethis technique was first developed by Gustafsson in 1967 as a
thermal conductivity, steady-state techniques and transientnon-steady-state method of measuring thermal conductivity
techniqgues. The radial heat flow method and the guarded hot-of transparent liquidf®]. In the original experimental design,
plate method are examples of steady-state techn[Glid4ot a thin rectangular metallic foil suspended in the liquid was
wire and laser flash are examples of the transient techniqueheated by a constant electric current. The temperature distri-
bution around the foil was measured optically as a function
* Tel.: +1 4805523154 fax: +1 4805545241, of time. From this result, both thermal diffusivity and thermal
E-mail address: yi.he@intel.com. conductivity of the liquid could be determined.
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In principle, the hot strip sensor does not have to be rect- 2. Theory
angular and can have any form. An alternative is the hot disk
sensor, which is made of a double spiral of thin nickel wire 2.1. Heat conduction in an isotropic material: general
[10-12] The thickness of the nickel wire is only i®n. The equation and solution
advantage of the hot disk sensor over the hot strip sensor will
be discussed later. The hot disk technique, together with other  The differential equation of heat conduction in an isotropic
types of transient plane source technifL&, have beensuc-  material whose thermal conductivity is independent of tem-
cessfully used to measure the thermal conductivity of a wide perature is given bj22]:
range of materials, including materials with low electrical
conductivity (such as fused quarfdy], building materials PT  #PT  9°T _1or
(e.g. cement and brick powddH)5,16], stainless stedlL7], P 92 Yoz T ca
copper powdef18], anisotropic solids (crystalline quartz)
[19], and thin metallic material@0]. The hot disk technique ~ WhereT(x, y, z, 7) is the temperature at point,(y, z) and time
represents a rapid and precise method for studying thermal?, and
transport properties of a wide range of materials. With suit-
able sample preparation, the hot disk technique can be usedta = — (2)
measure thermal conductivity in the range of 0.005 W/(m K) pe

t0 500 W/(m K) over awide temperature range. However, this ig the thermal diffusivityX the thermal conductivityp the
technique has been largely kept as an academic research t0Q}g ity and is the specific heat of the conducting material at

for many years, and was not commercially available until o neraturg. pe is sometimes called the volumetric specific
recently. Since its introduction to the commercial market, the o5t of the material and the units,@f are Jn3 K1, For a

hot disk technology was met with great enthusig2t].
The hot disk technique and other transient plane source

techniques are based on using a thin metal strip or a metal \yhen a heat source of strengthis switched on at=0

disk as a continuous plane heat source. The metal disk Of the material, Eq(1) can be modified to include the effect
strip is sealed between two thin polyimide films for elec- ¢ o heat sourci2]:

trical insulation. During the experiment, the hot disk sensor

is sandwiched between two pieces of samples to be investi- _, Qo T
gated, and a small constant current is supplied to the sensorV T+ oc =
The sensor also serves as a temperature monitor, so that the

temperature increase in the sensor is accurately determined Usually O = Q(F, 1) is a function of position and time)
through resistance measurement. This temperature increasis the amount of heat released aty, z, 7) per unit time per

is highly dependent on the thermal transport properties of the unit volume, or power dissipation per unit volume. The units
material surrounding the sensor. By monitoring this temper- of Q are Js1m=3.

ature increase over a short period of time after the start of the It is well known that the fundamental solution (f@r=0)
experiment, it is possible to obtain precise information on the to Eq.(1) is given by

thermal transport properties of the surrounding material.

In this paper, the theoretical background of thermal con- .. r? 0
ductivity measurement using the hot disk sensor will be dis- ~ ~ *° + (4rict)3/2 exp (_4,<;> . (>0
cussed. In the theoretical treatment, a hot disk sensor can be
approximated as a sensor with a number of concentric rings.whereTy is the initial temperature. In the case a source of
Starting from the equation of heat conduction and its instanta- StrengthQ exists in the material, the general solution to Eq.
neous point source solution, the mathematical expression of(1a)is given by the convolution of the functia® oc with the
the temperature increase in the sensor surface can be obtaineiindamental solution expressed in E8):
by integrating the point source solution over the source vol- R
ume and time. This expression, which directly relates the TG 1) = To + /’ Q(&. 1) 1
temperature increase in the sensor surface to the sensor con- "’ v opc [Ark(t — )%
figuration, the output power, and the transport properties of L -2
the surrounding material, forms the basis of the hot disk mea- X exp (_ (r—8) ) BEdr'. (4)
surement. Although the final result of the average temperature it — ')
increase in a hot disk sensor has been given b§f@jehow-
ever, the detailed mathematical derivation was not presentedThe volume integration is over the source volui¥ie In
in the literature, which will be discussed in this paper. As a the case that the source is an instantaneous point source
special case, the mathematical treatment for measuring thinat Eo = (xo, Yo, go) and is switched on only at=0, then
slab samples will also be discussed using the image sourceQ (&, ¢') = Qod(€ — ro)d(t'), where §(x) is the Dirac delta
technique. function. From Eq(4), the instantaneous point source solu-

)

small change in temperature, we will assume that laathd
¢ are temperature independent.

(1a)

®)
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. . . 2 o0
tion is then obtained as % 008( — a)s() dr’ / 4 / o=t g1

R Qo/ pc ( — 7o)? 0 -
TF,)=To+ ——5 exp| ——— | . 5 _ o

1) 0 (47'nct)3/2 p( Ayt ©) _ e/t g ( 2+u;);4mQ0 /2n gra cosb—0')/ 2t ; 4o

It should be mentioned that because of the integrations pe(drc) 0
over volume and time, the units 6f/pc in Eq. (5) become 2naQqe A+ Ay
K m?3. One can verify that in_magnitung is the total amount - pc(drir)3? (@) (11)
of heat released by the point source:

. where
H = ﬁ’ t/ d3ﬁ dt/ — . 6 1 2 1 2 )
// 0. ds Qo © Io(x)z—/ e"cosede:—/ e* sin? gg (12)
2 0 2 0

Using Eq(5), one can showthatthis heatindeed causes the,

temperature in the sample to increased®y = T(7, 1) — is the first kind modified Bessel function of the zeroth order.

When the single ring source is continuous, the source

because
- strength can be expressed as
_ 37
He [ peaTd =0 M 0= Qostr — ). (13)
if one uses the fact that whereu(r') is the Heaviside unit step function:
o0 (x — x0)? 1 , 0 fort <0
exp| —————— | dx = (4mxr)/?. 8 )= . 14
/_oo p( Ayt (4rekcr) ®) u(t) 1 for/ >0 (14)
Thus, the general solution expressed in @Jjis the inte- The source is turned on dt=0 and stays on afterwards.
gration of the instantaneous point source solution over time It can be verified that the total amount of heat released by the
and the source volume. source up to timeis
t
2.2. Single ring source H@) = / / odv'dr
v Jo
A hot disk sensor composed of a double spiral nickel wire 00 . R R L
can be treated as a disk consisting of a certain nunesf( = / Qod(r' —a)r' dr / do / 8(z') dz
concentric ringg10]. Let us first consider an instantaneous .
single _ring_source W?th radiusin thez =0 plane. If we use % / () d’ = 27aQot. (15)
the cylindrical coordinates, the strength of the source can be 0

expressed as
, e Therefore, itbecomes clear that@)g is the magnitude of
Q = Q0od(r — a)d(z')é(r) - ©) power dissipation associated with the sourcéor 2raQo.
To obtain the temperature increase caused by a continuous
ring source, one only needs to chandge ¢ —¢ in Eq. (11)
and integrate over timéto obtain the temperature solution:

t
H= / / odv'd’ 2 1 @2 +a?+2%)/4c(i—1)
v'Jo T(V,Q,Z,I)—TOZ nanz/ 3/2
pc(4mi)® (t—1)¥

'S} 2 00
Z/ or' dl”// de// dz’ /l df = 2maQp. (10) W
, 0y is the neatrel =k (19

Thus, in magnitudey is the heat released by per unit length

The total heat released up to timwy the instantaneous single
ring source is then

of the ring source. In Eq.(11), 27aQq is the total amount of heat released by
Inthe cylindrical coordinates, any position inthe sampleis  the source and it has the unit of Joule, but in @6), 2raQq

7= (1,0, 2), and any position |n the sources& (. ¢,7), is the magnitude of the power output of the source, which has

it is easy to verify thati{— 5) =2+ 72— 21 cosp — units of Js%, because the integration over time has yet to be

) + (z — 2)2. If we assume the source is in tHe= 0 plane, ~ carried out.

using Eq(4), the temperature increase caused by this instan-

taneous ring source beconieg): 2.3. Hot disk sensor

T(r,0,z,1) — To A hotdisk sensor with a double spiral of nickel wire can be
1 00 - treated as a sensor withconcentric rings which are equally
= (4)3/2/ g I =2’ cosO—0)] /4t spaced, since the sensor is designed to have uniform power
pc(dmkt
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density throughout the disk. Assume tlais the radius of
the largest ring, then the smallest ring has a radiug/iaf
The total length of the heating filament is

m
a
=1

Suppose the source is continuous and it is turned or @t
It can then be represented as

(m + Dma. (17)

Q= 00) 8 <r’ -~ Z) 82 u(?). (18)
=1

we can let; — 0 and Eq(20) becomes
dr’
pem(m + 1) Jo A[nk(r — 1)]%/?
" ’ la
[ e (P H+(%a?/m?)/4c—1) | r )
x ; 0 2mi(t — ')
(21)

AT(r, t) =

Let us introduce a new integration variableand let

52 — /c(ta—2 ) 22)

Similarly, one can verify that the total heat released by the we have d =—204?do/k, when? =0, o = /kt/a; when

sensor up to timeis

H = //Q(Et)dth
ZA mgpc—%@ym/ %
/ dz/u(t)dt

= ma(m + 1)Qot = L Qot, (19)

just as expected. Agaifdy is the heat released per unitlength

per unit time of the sensor coil, amdi(m + 1)Qg = P, is the
power output of the hot disk sensor.

The temperature increase caused by the hot disk sensor. _
can be simply obtained by carrying out the integration in Eq.

¢ =t,0=0. Therefore, E¢(21) becomes

rt) = —
2132m(m + V)pc J yeja \ ko%a

m
!
e~ (P /) +(P/m?)/40% | i
x ; o\ 2mao?

_ Py / do
- 2n32am(m + 1)K Jo o2

m
1
[ e (P/a®)+(?/m?) /40? | " (23
X; e o{5,—>) (23
where
NG
@ &9

(4), noting that the source strength is now expressed by Ed.js 3 dimensionless parameter called the characteristic time

(18). This can be done by substitutimgby la/m and carry
out the summation ovéiin Eq.(16). The result is

21 Qo /[ dr’
pcJo [drx(r —1')]¥?

% ilﬁ g~ (P H(Pa?/m?)+2%) /4t —1)
=1 n

<1 rla
0 2mi(t —t')
' de’

~ pem(m +1) Jo Alr(t — 1)]%/?

AT(r, z,t) =

m
x 3 e P HPR A A=)
=1

rla
<o (g7 0

where we have used the fact tha§=ma(m + 1)Qo, as we
discussed in Eq19).

In a hot disk measurement, we are only concerned about
the temperature change near the surface of the sensor. Thus,

ratio, andk =k pc is the thermal conductivity of the material.

Eq. (23) describes the temperature increase at any point
in the z=0 plane (i.e. sensor surface) after the current to
the hot disk sensor is turned on. However, during a hot disk
measurement, we can only measure the temperature increase
for the sensor itself. Thus, we need to determine the average
temperature increase for the sensor only. This can be done by
averagingAT(r, T) over the length of the concentric rings:

2/02” AT(r, 1:)2’”:6 (r — :la) rdo (25)

k=1

Substituting Eq.(23) into Eqg. (25) and using the fact
that L= (m+ 1)ra, we can express the average temperature
increase in the sensor surface as

AT(7) =

AT(7) =

1 PO / Z ka
(m + V)ra 273 2am(m + 1)K Jo o2

m
—((K2/m2)+ (2 m?)) /402 ki
X Zle n m Iy (Zmzcrz 2
k=1
P

= = 32uK D(x), (26)



126 Y. He / Thermochimica Acta 436 (2005) 122—129

whereD(7) is a dimensionless time function given by

L]
m2(m + 17 Jo o= = -
kl L —
Io| =—— |, 27 =

<10 5z @) 3= o

z'=-h
which is exactly the expression given in reffs0,11,23] /‘_‘
From Eg.(26), we can see that the average temperature Hot disk sensor ===

increase in the hot disk sensor is proportional to a function
D(7), which is a rather complicated function of a dimen-
sionless parameter = +/xt/a, but, numerically, it can be
accurately evaluated to five or six significant figures.

When using the hot disk technique to determine thermal Fig. 1. To measure thermal conductivity of a thin slab sample, the hot disk
transport properties, a constant electric current is suppliedsensor is sandwiched between two specimens with thickneBise outer
to the sensor at time= 0, then the temperature Change of surfaces of the specimenss +4, are insulated. Theoretically, this condition
the sensor is recorded as a function of time. The averagecan be achieved by introducing infinite number of image sourcésat2h,

. . Z ==4h, etc., in an infinitely thick sample, as illustrated above.
temperature increase across the hot disk sensor area can be

measured by monitoring the total resistance of the hot disk the measurement time so that during this period, the sam-
sensor. ple seems infinite. In this case, the hot disk technique can
_ = still be applied to measure the thermal transport properties of
R'= Roll +aAT()], (28) thin slab materials. In the case that the effect of sample thick-
whereR is the total electrical resistance at timekg is the ~ Ness cannotbe ignored, the following procedure will be used.
initial resistance at=0, « is the temperature coefficient of ~Again, the sensor is sandwiched between two identical thin
resistivity, which is well known for nickel. Eq28)allowsus ~ Slab samples with thickneas The outer surfaces of the two
to accurately determina 7 as a function of time. slabs are covered with isolation material so that no heat can
If one knows the relationship betweemnd t, one can transfer out of these surfaces during measurement, as illus-
plot AT as a function ofD(z), and a straight line should trated inFig. 1 Theoretically, this condition can be satisfied

be obtained. The slope of that line By/(x3%aK), from by introducing the image sources of the same strength as the
which thermal conductivityk can be calculated. However, original real source@o = Po/((m + 1)ra)) atz' =+2h, +4h,

the proper value of is generally unknown, since= +/x7/a ... planes, assuming the sample is infinitely thick, as shown
and the thermal diffusivity is unknown. To calculate the  inFig. 1 Similar to Eq(18), the sources can be expressed as
thermal conductivity correctly, one normally makes a series o m la

of computational plots ofAT versusD(r) for a range ofc 0= 0o Z Za <r’ - > 8(z" — 2nh)u(r). (29)
values. The correct value efwill yield a straight line for the n=—o0 =1 n

AT versusD() plot. This optimization process can be done

by the software until an optimized value ofis found. In Again, u(r') is the Heaviside unit step function. The term

. . e p= 0 in Eq.(29) represents the original real source, the rest
practice, we can measure the density and the specific heat o . oo ) T
are all image sources. Substituting this expression into Eq.

the material separately, so that betw&eamndx, there is only : . .
one independent parameter. Therefore, both thermal conduc—(4) and using the result obtained in §30), we have

tivity and thermal diffusivity of the sample can be obtained _ 2maQo roodr
from above procedure based on the transient measuremen{kT(r’ 1) = A1) 32 — n3/2

) X pcm (A7) o (t—1)
using a hot disk sensor.

o0
« Z 87(172nh)2/4k(t71’)

n=—oo

y zm: (2 Pa m?) i) rla
Above analysis is based on the assumption that from the — 2(t—1t")m

hot disk sensor point of view, the sample dimensions are infi- (30)

nite, or they can be practically considered infinite within the

short measurement time, so that the sample boundaries do Eq.(30) gives the temperature change at tim) at any

not affect the temperature increase measured by the hot diskpoint (r, 6, z) in the slab sample caused by a hot disk sensor
sensor. The sample size requirement for a standard hot disksource at’ =0 plane, with the condition that the outer sur-
measurement will be discussed later. For a thin slab samplefaces of the two slabs are insulated. Again, above equation
or a highly conductive material, it is impractical to shorten can be modified if we are only interested in the temperature

3. Thin slab samples: a special case
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change near the sensor surface, i.e; = plane, and notice

that the power output of the sensoig= a(m + 1)Qo:

1 P
4(m<)3/2 m(m + 1)pc

8 /I dz‘/ 1 + Zie_nZhZ/K(t_t/)
0 (l‘ _ t/)3/2 prt

m
7 la
[ e (P (Pa?/m?) /4~ | r .
% ; 0 2mi(t — 1)

(31)

AT(r, t) =

In Eq. (31) we used the fact that

. > (z — 2nh)?
zl,glonzz_:c>O exp <_ At — 1) )

=1+ Zi exp (_nzhz> . (32)

— 1/
= k(t —1t)

Similar to previous procedure, we can
o?=k(t — )la? and definer = v/kt/a, and finally, the tem-

perature change due to a continuous hot disk sensor sand

wiched between two slab samples can be obtained as
Po
23 2am(m + 1)K

L S S

n=1

AT(r,7) =

= !
1e (/@@ mP) ()
x ; © %\ 2mac?
(33)

introduce

Based on Eq(34), similar optimization procedure can be
performed until a proper thermal diffusivity is found so
that a straight line is obtained for theT versusDg(t) plot.
From the slope of this line, thermal conductivity value can
be obtained for the thin slab samples.

4. Probing depth

The theoretical analysis discussed above assumes that the
sensor is placed in a sample that is infinitely large. For thin
slab samples, it is assumed that the sample dimensions in
the xy-plane are infinite. This is not the case in reality since
all sample sizes are limited. Therefore, it is essential that
during the measurement timethe sample boundaries have
little influence on the measurement result. One can define a
probing depth\p, which is the distance from the sensor edge
to the nearest free surface of the sample. Analysis has shown
that if [17,24]

Ap > VAt (36)

then the influence of the sample size on the final result will be
negligible. This criterion will be used as a guideline to prepare
samples with dimensions suitable for hot disk measurement.
For thin slab sampleg\p defines the required minimum dis-
tance between the edge of the sensor and the nearest sample
boundary in thery-plane.

5. Time correction

Inthe ideal situation, the temperature response of the sam-
ple is assumed to be instantaneous when the current to the
hot disk sensor is switched on. In reality, however, there
are a number of factors which would affect the tempera-

Again, we proceed to average the temperature rise over theyre response time, including non-ideal electric components;

m concentric rings and finally obtained

AT(7) = %DS(T), (34)

where

1 T do ad 2 2
Dy(t) = —— | = [ 142 e /o))
S(T) mz(m + 1)2/(; 0-2 ( Z

n=1

m m
ki
k le—((k2+12)/m2)/4021 35
gD \awaz)

Eq.(35)is exactly the expression given in r§20]. As we
can see fromthe above equation, the summatiorvofrez 0)

represents the contribution of all image sources. For layge

the heat capacity of the sensor and the insulation material
(Kapton™ or polyimide); time delay caused by thermal
resistance between the sensor and the material; and intrinsic
instrument dead timfL7]. For these reasons, a time correc-
tion, z, is needed when evaluating the thermal conductivity
using Eq.(26):.

) (37)
wherere = /k(t — tc)/a is the corrected characteristic time
ratio. The time correction can be obtained by least square
fitting so that the average temperature increase is linearly
dependent on the functiabd(z¢) [17]. Based on our experi-
mental results, the typical time correction is 50—100 ms.

Af(fc) =

these contributions become negligible, and above equation

becomes the same as Eg7), which is the case for a thick

sample. Az increases, &/9)°(1/9* decreases quickly. Thus,
in practice, itis only necessary to consider the first few terms

when evaluating the contribution of the image sources.

6. Contact resistance

Contact resistance is the interfacial thermal resistance
between the sample surface and the sensor. It is present in
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almost all measurement techniques, except the non-contacbther experimental techniques. Whgrand ¢ are known,
techniques (such as laser flash). In the hot disk technique, thehere is only one independent fitting parameter. In prac-
presence of insulating layers (Kapféhor polyimide) adds tice, when bulk samples are used, the thermal conductivity
an additional contact resistance between the material and thevalue can be determined with or without the prior knowledge
sensing disk. However, it was noted that the influence of con- of pc, and the difference between these two approaches is
tact resistance on the average temperature increase becomesnall.

a constantAT, after a short period of timgl7,25]

AT(tc) = AT + SLD(‘L’C), (38) 10. Hot disk versus hot strip

m3/2aK
whereAT is inversely proportional to the thermal conductiv- In the original transient plane source technique, a rectan-
ity of the insulating layer, and is related to the dimensions of gular metal foil was used as the senf$yt 4,15,17] This was
the insulating layer. This time can be estimated\as= §%/xi, also called the hot strip technique. Mathematical analysis for
wheres is the thickness of the insulation layer ands the hot strip sensor is simpler than that for hot disk sensor. For
thermal diffusivity of the insulation materi§26]. Numeri- hot strip sensor, the voltage or resistance of the sensor can
cal simulations have shown that for a2 thick Kaptori™ be expressed as an analytical function of the characteristic

insulation layer, the time needed faff"to become a constant  time ¢ based on first order approximation. For small values
is typically~50 mg[21,27] Thus, this term can be easily sep-  of r, this expression can further be simplified, even for second
arated in the software whenT (zc) versusD(zc) is plotted order approximatiof28]. For the hot disk sensor, no analyt-
using data points generated after50 ms (and after time  ical expression has been obtained for the funcii¢r), even
correction, which is also small). for small values of [29].
However, there are two main advantages for using the hot
disk sensor. The first one is that because of the design, the
7. Temperature drift hot disk sensor has a much higher resistance than that of the
hot strip sensor. Therefore, the temperature measurement,
Before an actual measurement, any systematic temperawhich is done by measuring the sensor resistance, can be
ture drift surrounding the hot disk sensor is monitored for performed with higher sensitivity and accuracy. The second
25s. Any systematic temperature drift, if detected, will be advantage in using the hot disk sensor is that a much more
corrected when thermal conductivity and thermal diffusivity compact sample can be studied without violating the sample
are calculated. size requiremerj29]. This is because in the hot strip method,
theoretical analysis assumes that the strip is infinitely long.
In practice, it is often required that the length to width ratio
8. Heat capacity of the sensor is 20:1. Under this condition, the corresponding sample size
will be much larger than the size required for the hot disk
Because the hot disk sensor has its own heat capacitymeasurement.
that can influence the temperature change of the sensor, heat
capacity of the sensor itself (including nickel wire and the
polyimide insulation layer) is corrected. The calibrated heat 11. Conclusions
capacity of the sensor is included as a default value in the
analysis software. Theory of the hot disk technique for thermal conductivity
measurement was discussed from the first principles. The hot
disk sensor, which is composed of a double spiral nickel wire,
9. Density and heat capacity of the sample is approximated as: concentric rings. The sensor is used
as a heat source as well as a temperature monitor. During
In principle, it is not necessary to know a material’s spe- the thermal conductivity measurement, the sensor is sand-
cific heat and density in order to calculate thermal conduc- wiched between two halves of the sample. A constant current
tivity when bulk samples are available for the measurement. is supplied to the sensor. During the measurement, the sensor
After the raw experimental data are collected, a linear regres-temperature as a function of timeor characteristic time
sion is performed to obtain the optimizedvalue so that a  has a strong dependence on the thermal transport properties
linear relationship is obtained faT (=) versusD(z¢). Ther- of the surrounding material. Starting from the point source
mal diffusivity, «, of the material can be easily calculated solution for thermal conduction is an infinite isotropic sub-
whent is known. Then, thermal conductivify of the mate- stance, the average temperature increaBeaear the sensor
rial can be obtained from the slope of the linear fit. When surface is obtained as a functionwofThe result showed that
both « and K are known, the volumetric specific heat, AT is proportional to a complicated functiap(z), which
can be determined. It is, however, always a good idea if can be calculated numerically if the sensor configuration is
one can determine specific heat and density separately usindgcnown. When proper value is chosen based on optimization,
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as described before, the slopeﬁof versusD(t) is inversely Conductivity Conference/Proceedings of the 12th International Ther-
proportional to thermal conductivity of the sample. mal Expansion Symposium, Technomic Publishing Company, Inc.,
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surfaces of the sample. Theoretically, the conduction problem[11] S.E. Gustafsson, B. Suleiman, N.S. Saxena, I. ul Hag, High Temp.-
can be solved by introducing the image sources, and a modi-  High Press. 23 (1991) 289-293.

fied functionDs(r) can be obtained. Again, the S|0pel®f_" [12] E. Karawacki, B. Suleiman, Meas. Sci. Technol. 2 (1991) 744-750.

. . . [13] L. Kubicar, V. Bolag, Thermal Conductivity 24/Thermal Expansion
versuws_(r) is inversely proportional to thermal conductivity 12, in: P.S. Gaal, D.E. Apostolescu (Eds.), Proceedings of the 24th
of the thin slab sample.

International Thermal Conductivity Conference/Proceedings of the
With proper corrections, the hot disk technique provides 12th International Thermal Expansion Symposium, Technomic Pub-

an excellent tool for rapid and accurate measurement for both  lishing Company, Inc., Lancaster, PA, 1999, pp. 135-149.

thermal conductivity and thermal diffusivity of a wide range [14] S:E. Gustafsson, E. Karawacki, M.N. Khan, J. Phys. D: Appl. Phys.

) : . : ' _ 12(1979) 1411-1421.
of materials. This technique is capable of measuring the ther [15] R. Singh, N.S. Saxena, D.R. Chaudhary, J. Phys. D: Appl. Phys. 18

mal conductivity over a wide range with high accuracy, and (1985) 1-8.
the typical measurement time is 2.5-5s. The hot disk tech-[16] T. Log, S.E. Gustafsson, Fire Mater. 19 (1995) 43-49.
nique is a valuable tool for material inspection and selection. [17] S.E. Gustafsson, E. Karawacki, M.A. Chohan, J. Phys. D: Appl.
Phys. 19 (1986) 727-735.
[18] K. Bala, P.R. Pradhan, N.S. Saxena, M.P. Saksena, J. Phys. D: Appl.
Phys. 22 (1989) 1068-1072.
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