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Rooks are cno of the mest important cemnstitusass of
She salid part of eur plenet. Neasuremest of the physieal
preperties of recks, partionlarly the thermal m.l.
1s deomming an impertent sabjest ef intensive receareh ia
WLy sownSries) that 4s due be many prectisal purpeses. )

The complex methads used for the measurencat of
thammel preperties of solide eoadle ts %e measure thermal
SAPecdty, cenduotivity and UrLrunivity eseffisdents 1n wme
exporimens. PFor this reasen, they are sonsidered the noad
Prodtstive metheds asd are ¢aveleped in meny labezatories
all ever the world.

Inim'ut. mcmnmtu-thommu
the mentioned propertioes; was wsed for the inveatigation

of the therma) m- olivine and pyrephiliive at
Mgh tenperature.

The theory of the weed methed -u elabsrated,

devel oped, Mwhmmmmmmun
raummmemummma.

mmmnmmmumw
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ISTRODUOTYION

A need for data and information em Yhermophyst eal
preperiies of rocks 4is becoming apparent in the r£ial4 of
geothermal energy, engineering mterials, and geesiences.
Problems encountered 4ia geothermal power generation and im
the design and site-selection of hardened sobsurface defence
facilities, under-gromd power Plants, under-ground storage.
reservoirs, underground nuclear waste dispoeal, underground
nuclear tests, buried pipelines for transporting petroleum
or water, ... otoe. along with continued interest in thermal
tunneling techniques, have groatly increstsed the demana for
data on thormophysical properties of rocks Ain recent years.
In geoscienasa, accurate data on heat flow in the earth's
orast are needed to obtain a better mder standing of the
earth's history and its ourrent meke~up. Information 1ig
also needed in the evaluation of the newly developed theories
on sea floor spreading and platetectonics in addition to
supplying details for the subastantial deep sea rock borng
prograne now undow- Farthquake prediotion enalysis also
depends to some degree on thermophysical properties end heet
flow in rock measses. In all, these varied research
®otivities have signaled the desire for an erganiszed body of
knowledge on the thermephysicsl properties of rooks.
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Beuides, mneasurement aof ¥he heat eapaeity will help
fhe understanding of the structure of \hese mmberdials.
Kaswledge of the thermal ssadvotivity and diffugivi ¢y
Soefficients and their dependance wpen Yemperature will
wndowbted she eome light en the heat condwetien mechaxism
in the investigated specinens.

Neasurement of the thermal properties is eardied (Y
Ay uaing & great variety of steady and nec-steady state
Betheds. The best of these methsds ave the oo ealled
Periedie Semperature metheds since Shey enable us §o measuve
the thermal oapacity, otndmotivity and aiffusivity eceffi-
elonts in e experimmt.

Ao apparatus for measurement of the mentioned peepertt eny
wae eonstructed at the Department of Physics, Paculiy of
Sciences Al-Ashar University. This apparatus was oalibrated
and wsed fer the investigation of the Shermal groperties ef
nao,ul!uodanhh the tnponiunnuoﬂl 1300'&

The second step was to elaberete develem and tupreve the
mwumm-&mnmtb ®cees iafermstion
mmmunmmmmauunwmma
unuummeua»ortmhu ud.unﬂ.md.mlw
mvmum seagores Tds ennblos us Yo got some xtza
oumzorm&mmn.

wmmﬂ“mh-mmdmm
nessurensat of thermed miﬂ omauiv nd mut:
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oseffiacients of slivime and pyrophilite in the Yexporature
renge from A00 - 1200°K.

docordingly, the sbtained infermation was used to
determine esch of the mentioned properties Wy 3 Mifferent)
independsnt ways. These results were compared with sach
other, and the acoureey of each way was calewlated. 4As a
roesult 1% wvas found that the cbdedined experinental values
confirmed each other. This givee more ooufidence in the
sbtained resultis, and reduces maoh the rendom errors of
tids experiment.

Finally, the ebbained experimentel results for the
meationsd properties were compared with the published data.

A set up for meastring the eleotrioal condnotivity ef
rooks was oonstructed and sscordingly the elestrioal resis~
Wity of olivine and pyropiillite specimens was measured in
$he Semperature range frxom 200 %o 13001.

Heat oondnotion in both these cublh.mn was found %o
bolnwmtom mnmuumctm
ocmlnotlvity was found ¥o be very small. s confirms
the results ab higher temporatures sbtained by Ml-Sharkasy’2)
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CHAPTER I

REVIEV ABOUT TER THERMAL QAPAOITY, OUNDOO-

TIVITY, DIFPUSIVITY AND KLECTRICAL 0QNDUO~

TIVITY COEFFICIENTS OF DIFLECTRIO BOLIDS.

1. The thermal capacity!

The thermal capacity of a mediwm 1is defined as the
smownt of heat absorded by unit mass of the mediwn when
448 Semperature is raised by one degrees The thermal
capacity at coustant volume Ov is defined byt

0' - ( -5-%— )‘, (1)
wheret O & 16 the amount of beat added snd O T &s the
inaresase in tenperature.

The thermal capacity of solids were caloulated using
the olassical thoorem of eqiipartition of energy. It was
assumed that each atom or molocule in & solid was able te
vibrete about a fixed point and since this vibratiom can
extend 1n three dMmetnsions. The total enexgy of atom per
free dsgree of freedom is equal to K%, and fer the thres
dimensions the tebal energy is equal to X%
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Fig.
9. (1) Heat capacity of a solid according to
the Debye 'approximation.
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The energy 4iffuses through the solid oan be represea-
ted by elastio waves or lattice vidravions, the wmit of
these elastio waves 1s called phonon.

The thermal capacity at very lew tempereature is given
by

v

- Wt 33
a " a(-{;) (8)

where ‘D ! Debys Semperature .

A% hgh jenupesreture the 0‘. is equal %o 3R, wiiok i
€004 agreemsnt with Rinstien and Dulong and Petis.

The thermal ocapacity of dlelectric solids is plotted
against temperature im Fig. (1). Thia curve verifies all the
experimental dave of G of insulators at low and Migh bemp~

onfnrn.

Prom the experinental pod.ﬁt of viewy 4t 5i» much more
convenient to measure the thomil oipad.i: of & s0lid at
constant pressure than at octmstant volume.

mmuuhﬁwmtmm&mﬁlmuuwm
c,ug!.mbyl

2
6, - q, = °<v ® v/x 7
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vhere I « gy Somprosabiliy

OC ~ the thermal spansion seeffieteat
A g tho nolar volume.

Thue Oy, may be caloulated frem o' Betgurensnts if at the
u-uud'lutmhonﬂhQthnn
interest.

T™he relation between t""v and O are givem by:

¥y ©
v
T™he quantity ¥ is called the Grtmeisen omstant ana
1ts prectiocally indepe: iant of Senpereture thus by oalon~
laving ¥ , mwobmum-pmummo ab
other Semperature from o knowledge of the scefficieat of

volume expansion.

2. T™e Themmal Condnotivityt

The thermal oonductivity A of & 20144 oan be defined
with respect to the stealdy state flow of heat aleng a speci-~
men witlien which thelr exists & temperature gradient 49/4x

g= - A avax (9)
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