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Abstract:
Theory of plane temperature waves was analysed for a flat heater
generating periodic heat flux and sandwitched between two identical soiid

specimens, taking into consideration the role of both heater and radiation.

Theoretical expressions -for the determination of different theraml
parameters from data of temperature oscillations in different ways are
~abtaimed.

The experimental resuits for olivine confirm the proposed scheme
of measuring the thermal diffusivity, conductivity and heat capacity coef-
ficients in one experiment using a multiproperty apparatus.

Introduction:

Measurement of the theraml properties of solids may be done using
a great variety of steady and nonsteady state method. The best of these
are the so-called periodic temperature methods, since they enable us to
measuce the heat capacity, thermal diffusivity and conductivity coefficients

(1,2)

in one experiment - When such an experiment is properly designed, it
is possible to have extra information about the distribution of the amplitude
and phases of the temperature oscillations in the investigated sample. So

an extra control for the results treated in various ways is provided. Moreover,

the random errors at suchan experiment are reduced.
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In this work we deduced the essential formulae for the determinaticn
cf thermal diffusivity, conductivity, capacity coeificients in d.lfferent ways
by processing the experimental diagrams of temperature oscillations corres-
ponding to emf variations of two thermocouples. One of them is sandwitchad
vwith the heater generating ﬁeriodic heat flux between two identical specimens,
whils the other is fixed on the outer surface of the specimen this set-u?

is explained elsewhere(a’u).

Theoretical approach:
The plane temperature waves is an infinite slab are described by tha

following differential equation(j’a.

'328/'3).:1 _{(fa) & z o {

“Rhete’ & represents the temperature oscillations.
¢ the angular frequency and
<t the thermal diffusivity coefficient
selution of this equation: N
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The boundary conditions to find A and B for the case under discussion {Fig. 1},
considering radiation from the unheated surface (x = 0), are of the foliowin~
from:
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" Yhere f}\ is the thermal conductivity coefiicient, a'- heat flux,

l' o - heat transfer coefficient,
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From the above an expression for the temperature oscillations zt

hoth heated { Bh) and unheated surfaces (Quh) is aobtaineds -

~ . - ’ i
ey = /xR [exp (i) v oxpearn)] +xBr_L[QkP.{uﬁ]-'wP(uﬁj{u)
. =
/ [WP. (/7 wp RV - %—‘f_ [wp. w7+ WP-(‘MJT'_)]
Yy . . ' '
Buh, = 2 B/0 1 \‘7[%?(@9.}3 -~ up (- r.]- E—‘-ﬂ[r.—-;f.f-wﬁl#-mf‘lt )] %)
The reduced amphtude and the phase of temperature oscillations .at both
heated and unheated surfaces could be expr /
Iahfﬂp\ [(f‘i. +52) ..B.f" { 5 +S‘ +‘5n5: az(sz %) - Bn'_ (Ss +5 ))
S7 + 53 + Bin (51 -52)

dy = acc fom [(52-3) - BT (55 - 53] fis, 45+ B0 (5, 5fx582) @
R .
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uk,_“,,{_ = (¥ y&L , Piz b/ = Biol nam \nhf -

By = fhucf, sz o €T3

o - gt!?fqﬂq - Poltzman consiant, € -e,misstui_ta e
S, = Ch A2 shFWZ , 5, = sin % N2 cos ENT
Sy = ChENZ sind /N2 , 5, = SHE N7 sinei 2
Sg = SHE/Z cos B /{2 5¢ = CH X /T cos Q‘Hﬁ
The dependence of a‘n/g { (F“‘z , y (ﬁ‘ ;/cpuh o Z
end Bi(5) is plotted in Figures 2,3,4 and 5.
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The ratio of the complex temperature oscillations at both heated and

vnheated surfaces could be expressed as:

v,z Onlouh = ! [wr.f-p. )b p (VT -GT Leveteimn-enp. t—lt’?ﬂilo}

M

Modulls of this expression is:

"' - \
' : ) 2 . R
6njapz | (ser Grniilosvs) a5, + Bifera (5 -56) 1~
The difference of phases is:

§- b = D¢ zavcian Ls, + Bike vz (55~} /T -*.%5-;(55-'*5333412)

The dependence of eh/ém?nd A (;i upcn factor ¥ and Bi is shown in

-
[y

igures 6 and 7.

~ The difference between &h and euh will be:

B A T2y 20 (enp ('x.r.-)+\49(-1r.ﬂl)-f%?(w{’-hm-w{—xd)-a

/ 2V ("S?. (N - w?-(—-‘uﬁ\\- %5(&1?..-(-‘& Y rae(ev)) (13)

Modulss of this expression is given by
N . 2
L6, - d=tnol = GLHx [“: 252 42(54-55) + Bivz/w (33 S, Slﬂ-)—,{/

Sy 45 482/ (52-5)) (e

In Figure 8, i-nE-bS a functionof % and Bi is shown,
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Using the previous formulae and graphs, it is possib'le”;'to determine

factord by processing thhe experimental curves to get ‘P;.’ il,.and.;!"ﬁ;"i‘ It

is also easy to determine?® by measuring the ratio’ G'EI & he

Factor Bi is found from the measurement of ¢, or guh at two'frequen-

(6

clesw and 2W 0.

Thermal diffusivity coefficient is then obtained from

)

It could be also obtaimed using the fbllow’ing relation '(Quasi-ste-ady' state.”

tf A

method).

’ - w28
1 AT

vhere

0

= period, o= stead)'-staté temperature difference acros§ the

specimen, or by measuring time lag between the power and the temperature

oscillations at unheated surface

Z
So, a-= __l;._-- )
’ &nt
where st = time lag.

The heat capacity can be determined using either.

-~

P

C, - LR o
7 Thwe, "
c.. % £
P oan "

M-mass of the specimen.

(17)

{12)
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The ‘thermal comfuctivity coefficient is determined from the steacy-

state temperdture gradient across the specimen according to

qL
N = b (15)
: FoT
where f - area of the specimen.
It can also be determined using the relatiom:
w .
™oe ot F (20)
- F 1ol

1

Finally "\ can be determined from
— - N = )0 Ca ' (21)

Thus using the information about the temperature osciilations obtained

from the two thermocopuples, the therma! properties may be determined

according to the previous scheme.

It is worthy to mention, that in Case of rectangular modulation of
the heat flux {switching on and off of the heating current}, it is possible
1o use a much simpler way for processing the-experimenta'l. curves, tn deduor

the thermal ptoperties.

This adds extra informations necessary for intérnal control of the

obtained results.

Rele of heater:
For the given arrangement in Figure ([} we should take into considerz
tion the distribution of amplitudes amd phases of temperature cscil'atiane

cue to the presence of the heater.
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It is worthy to mention that the presence of the heater does not affect

the amplitude ratio method.

The influence of the heater upon the amplifude difference is expressed

\ \
s SL08) o opiey L (52 s3) (555)

[ 66) MC
MG -
When-—MC—-—-- is small (less than 1%) this correction may be neglected, .

otherwise it must be taken into consideration.

N

All the illustrated functions have been computed using computer ICL-600.

Experimental:

This theory was used for processing the experimental curves obtained
during the course of calibration of the mentioned apparatus, while varyin-

widely the experimenta! condtions.

in Table 1 the obtained results of measuring the thermal diffusivity

for olivine using phase method, time lag method, amplitude ratio method

and quasi-steady state method are given.

From the table, one can see that the obtained experimenta! values

differ by about 2% randomly each other.

The experimental error in the phase method and amplitude-ratio method
was 4-7%, in time lag method (for rectangular heat flux modulation} the

4 .
error was 3.5% and in the quasi-steady state it was &3%.
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Table {I}: The thermal diffusivity coefficient of olivine {a x 10 3 cm

sec !
| Phase method | Phase method at | Phase difference| ) [ Amplitude TQuasi steady

Temp. Biot at heat, surface unheated surface method Time lag method method state method

°K mumbet 2 w | & 2 < ! 2 W &/ 2 &) e 2 & ! 2 < e
c=30.5|r=61.5 |230.5 |rc=61.5 |«=30.5 [ =61.5] T=30.5 [rr"=61.5 +¢'=30.5 | ©T=61.5|T=30.5 |7r=61.5

sec__  sec sec sec sec sec sec’ sec sec sec sec sec

¥
635 0.10 8.9 8.2 4.2 8.t 8.1 a.1 8.3 8.2 8.2 2.4 8.1 a.1
545 0.15 66 66 721 7 70 66 68 72 74 7.0 69 67
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The heat capacities of olivine calculated by different methods is tabula-

ted in Table II.

Table (I): Heat capacity of olivine

| Biot | Heat capacity at heared | Heat capacity at unheated
Temp. | number . ___surface Calfgm. °K surface
| | 7 =30.5sec |~ =6l.55ec | 77 =30.5 sec_|re =616 Sec
435 0.10 0.17& 0.179 0.177 0.178
545 Gg.15 0.214 - 0.213 0.21% 0.215

The obtained experimental results differe by 2-2.5% for the heat capa-
city of olivine. This seems to be quite satisfactory agreement with the
experimental results.The experimental error of measuring heat capacity

was, 5%.

The thermal c¢pnductivity of olivine calculated by different methods

is tabulated in Table III.

Table (Ill): The thermal corductivity coefficient of olivine

|_Using equation (7= Ca) Cal/cm sec. °K__ | Difference

I Biot

Temp heat. surface unheat. surface

mmber +=—3535 Jre 61,5 IrP=30.5 | ~C -EL.5 method
435 0.10  0.004F  0.0040 0.0042 0.0043 0.0039
545 0.15  0.039  0.003%  0.0060 '  0.0040 0.0034

L

The agreement among the obtained values from different methods
lies within 2-4%, which is less than the general experimental error of 2-5%

for the mentioned methods except for formula (21) which gives 3-7%.
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