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Abstract:
Theory of plane temperature waves was analysed for a flat heater

enerating periodic heat flux and sandvitched between two identical solidع 
specimens, taking into consideration the role of both heater and radiation.

Theoretical expressions -for the determination of different theraml
parameters from data of temperature oscillation in different ways are
-obtaimed.

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

Fntroduction?

Measurement of the theraml properties of sohids may be done using

a great variety of steady and rnsteady state method. The best of These

are the sccalled periodic temperature methods, since they enable us to

measure the heat capacity, thermal diffusiviTy ard canductivity caefficients
• . (١:)٠٠ ، .in one experiment' '4. When such an experiment is properly designed, it

is possible ta have extra information about the distribuTion of The ampliTude

and phases of the temperature oscillations in the investigated sample. 5o

an extra canTrol for the results treated in various ways is provided. boreover,

the random errors at suchan experiment are reduced.
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In this work we deduced the essential formulae for the determination.

٥f thermal diffusivity, conductivity, capacity coefficients in different wes

by processing the experimental diagrams of temperature oscillations corres­

ponding to emf variations of two thermocouples. One of them is sandwitched

with the heater generating periodic heat flu between two identical specimens,

whils the other is fixed on the outer surface of the specimen this seT-uد 
٠٠is ها explained elsewhe, ,(" أم2 و

Theorctical approach:

The plane temperature waves is an infinite slab are described by t'1e

fo!lowing differentia! eguati,(6ذ, )

 ن8) قرة )هت(٥ ه=

·- 5Fr represents غ the temperature oscillations.

the angular freguency andرا 

42 the thermal diffusivity coefficient

(٠;

solut'on of this equation:
٥ م= م)بهية(مث٠ ٠'' . !٨+ 0 wP(- ( يجه «2)

THe boundary conditions to find A and B for the case under discussion (Fig. 1),

considering radiation from the unheated suriace (x = 0), are of the followin

from:

-» ٥e/»ء 
F--L

١/here ')

 ى
= 9 -36٨ /ج/ هe ه ه

X٤
(2)

is و ء ء» م the thermal conductivity coefficient, - ة heat flux,

< - heat transfer coefficient.

 دود د،د»»، ي٠٥٥٠ ب ،
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Fram the above an expression for the temperature oscillations t. ج

5oth heated ( &,) and unheated surfaces (B3 ( م is obtained:­
١ ، ا

«]tvrم er-wماق.« P@r)] +Bء ,بر ,ه ].خ)ج؟٤ -(م٠٦٢٢١ ه 

(]٠e.@v+[- %لإ]٠ -م٦٢٠٦w٠-٠١6٧٨٢-٢)e[ا /
2/'٠

 .،ه ء %و6 )%"يي(]sR6)-٩-(?v٢-[gن]٨.».oetrl+2t7١[ رو(
=· ة "واج

The reduced amplitude and the phase of temperature oscillations ،at both
!٨

heated and unheated surfaces could be expr'!5S١]٠٣
 ء(]:أ:،،ةأ>تة غمءة، أةء;:":f•..• -د يي /[رو،»

 -يو-٤
s5)@ؤ+5 +ي ن ,s)

%
٦٩•+5٠١+9;f٦(٩{+٩;٩+٩<,٤) «6)+=a+ -,5-s٠ مه]6 Gi  ء ن،s/[٦ {ة( لآ{و.

 معق٦.

٠'/٥Fs s]/%٨٩\.٦.le ء , ٥[ );ة٠+ غ؟ م؟-.: 2-

 إ،<=»»٥+٠]٢5 و+5 ا- بإهs,]/%-5,١ قيد+ ،<
٧ س٠2١ ٧%nu3ا=6 ±ه/ =:f3ف٤ ء» ا«)يد(= و 

٥ و٦= = 7}Hw€م ا٤٣٥ 
s مه يًاً t425 م-ss:5t0: وأمه€٠٥  ممت

5,- ٥i s م١٤2 ء zIz،5,= ca{7 s
-s ءi م7/٤ su Ri٤٠4٥ ج٤in٤/٨t=5 و

«CH3/٧٦cos a٦25 عSو + SHE/4٤ cos = /ع٠٤

٦٨e ٥٩««aeree T ه,/@/ /لإثك/د و4,5٩ إ ه
8 ء ،

.1otted in Figures 2,3,4 and  جna >أرم وز م5

(7)

(8)

, ه)(
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The ratio of the complex temperature oscIllatiors at both heated and

nheated surfaces could be expressed as:

(i]«ot٦٧٢.e٢-s¢.(etبني]٠ )-ز،ة]+ (-+٤ فبهw)=±[ن-=6١/8.4 م٤ 
١ ة٢٤

Modulss of this expression is:

'22، ,s ")رء[ رد» -s)6ة s,+ 8iH,,6« ا٥ (]ر.٩+6 د/٢6 (+,ة
The difference of phases is:

(z-وة(]« ,sز,) ts,,g6 /[,ة-وiH ، 4-4 ا=٥4=٩+1٤ ]مه5,+5) ، a:

The dependence of n /,؟٥, م 44 upon factor 23 and Bi is shown in

.igures 6 and  ؟7

The difference between &,, and will م,إ0 be:، ٧ا

6١-٩ در ة4 ]؟{x م(»٤٧)٠٧ ه٤-٤w١)٠ ,غ@(٠٨٠٤wr١ )ه-٦  لن=- -ره

٦١)((٩Rtv+٠٤١2-)-٠٨٤))-،٢((-٢ ,إي>-w٧٤١)م. w);٢ و/٧w، ن 

Modulفs of this expression is given by
.١e,-6 تى -,%٢ (ي/i٩ +)و56-٠6٩٩+6٩3٦]٧/١L=\١٨ ا٥ه ؟د s; .<)(/

a 2 ,(Z/¥ (s:-s:8+5+أ؟ 
In Figure 8, Hs أ٨ ع a furctionof2 and Bi is shown.

 وسا،د

(١4·
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Using the previous ،formulae ard graphs, it is possible to determine

factor3 by processing thhe experimental crves It. ؤanb وt get4,4م

is also easy to determineA by measuring the ratio' 4,/ -,٩ م,

Factor Bi is found from the measurement of 4,, or at م,؟ Ty5frequer-
· 6ciesu an 2 ( يا(6

Thermal diffusivity coefficient is then obtained from

 'wح هف=ه ا
 ا(5)

Tt could be also obtained usig the following relation (quasi-steady state"

method).

rmhere

aC٦6.a=ك 
٨T٤د 

{16)

'٦ = period, ٥F= steady-state temperature differerce across the

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

oscillations at urheated surlace

o٥ كة3 ؟ =
 ى٥t ط٦

where ٥t= time lag.

Fhe heat capacity can be determined using either.

or

Cءم 

 =م%

M-mass of the specimen.

4  ة6
٣ ا6,

٩- 6٨
٢u6س٨ }

٩

(17)

(1c)

--·٠ جب٠ د د٣ »وسيودد٠<٣٠33٣٠٥٣ س٠٣٣
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The 'therma1 ،cmctivity coefficient is determined from the steady-

state temperature gradient across the specimen accordIng to

.here f - area of the specimenم 

 ي
%L
،

٤٥٤
(1s)

It can al5o be determhned using the relation:

٨  ء .ت٢ ق ا
F ١٥٥\

20)

 .-مخ:. ختمة-

Finally A can be determined from

٨-8 cهa (21)

THus using the information about the temperature oscillations obtained

from the two thermocopuples, the thermal 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 €urrent), it is psslble

to use a much simpler way for processin the experimental curves, t de':±U:

the thermal properties.

This adds extra informations necessary for internal control of the

obtained results.

Role of heater?

For the given arrangement in FIgure (I) we should take into considere

Tion the distribution of amplitudes and pases oF temperature %ci1!=t'3٦٦

:ue t٥ the presence of the hcater.
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It is worthy to mention that the presence of the heater does not affect

the amplitude ratio method.

as;

٢he influence of the heater upon the amplitude difference is
٤ ا2٥ (;s,°+s )ذ+و  ء٣ ى٠(5)/

٣C

expressed

is ،smلa l (less than 1%) this correction may be neglected,

٥ع
 ا٥٥)
٨ رت

MCWhen

otherwise it must be taken into consideration.

Al1 the illustrated functions have been computed using computer ICL-600.

Experirental;

Ths theory was used for processing the experimental curves obtaineك 

during the course of calibration of the mentioned apparatus, while varyir

:idely the experimenta! condtions.

1n Table 1 the obtained results of measuring the thermal diffusivity

for olivine using phase method, time 1ag method, ampitude ratio method

.nd quasi-steady state method are givenج 

From the table, one can see that the obtained experimental values

differ by about 2% randomly each other.

The experimental error in the phase method and amplituderatio method

was ,% ح47 in time lag method (for rectangular heat flux modulation) the

error was 3.5% and in the quasi-steady state it was 68%.
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The heat capacities of olivine calcuاated by different methods is tabula-

ted in Table 1.

• أnumber /٨٠ة٠

Heat capacity at herel
ler.ي?K: ييلاةg6 يl-5sec/٤= 30.5secت 

] Heat capacity at unhheated
5urface

se6=65.0ق- مو ا ا ،+ 

Table (Il): Heat capacity of olivine

435

545

0.10

0.15

0-17

0.٠214

0.179

0.213

0٠177

0.213

0٠178

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 cpnductivity of olivine calculated by different methods

is tabulated in Table IIl.

Table (II): The thermal conuctivity coefficiemt of olivine

Temp Biot
Am mberل

Differerre
method

435 0.10 0.004٤ 0.0040
- "د

0.0042 0.0043 0.0039

545 0.15 0.039 0.0039 0.0040' 0.0040 0.0034

The agreement among the obtained values from different methods

lies wvithin 2-4%, which is less than the general experimental error of 2-5%

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