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Generalized thermoelasticity of an infinite body with a cylindrical cavity and

variable material properties
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Fundamentals of thermodynamics
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The theory of uncoupled thermoelasticity
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( Lﬁuﬁ);ﬂ :\;\J}” ) em;ﬂ'é‘)\)ﬂ\ :\;JJ Lﬁ)ﬁ Ja @ HAM Cialadl aagtl) u\S \Jﬁ\j
S8 Jladsyd Ope; LSl 4l 3e (Elastic strain) ool 22l s yay Lo sag
AED 5 peall o 4Gl (Ko auall Jualall

eij=€;*te; (1.4.2)

:d\c_u;

-

1
eijZE( UirjTUjhi)

€ ool Juedi¥) @l ye of 2 1841 ale & (Neumann) Clepsi allall (sl g

AUl Al O Aleal Ol jay hagd

" 1 A
e’ =
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eij:iGij_ » k-0 0 (85 (1.4.4)
2 2 (3n+2p)

b b LS AT S AEL A A oKy

cij=hew dijt2 ey 08y (1.4.5)

y=(31 +2p) o

Eus (Duhamel-Neumann law) Olarsis dula s eilly el (1.45) 4Dkl
ale 5 Al 44l Lalisiu) Glaysi allell dlels 2 1838 ale dola g0 allall Leaisial

. (Nowacki) [17]« (Nowinski) [16] 1885
A jall Aalea A (1.4.5) Uabeall (pa g gailly g
ciih jtP Fi=p Ui (1.4.6)
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puit(A+u)uj,tp Fi-y 8,,=p Ui - (1.4.7)

JUAIL LS Sy (1.4.5) Aaleadl U (Anisotropic) Jildia e amall IS 13

PPl
cij=Cijki exi-vi; 9 - (1.4.8)

ol gl elles & Cpg un

Do diani (1.4.6) Aalaall 8 (1.4.8) Aabaall (pa iy gaillyg

0 0
P ij -——(v;,0)+ i=p Ui -
aXj(CJklekl) axj(Y.J )tp Fi=p i (1.4.9)

p A JCal 3ab ALl Ualedl) ls (Homogeneous)Luilatie Jaw gl (1S 13 5
Cijki €x1,j~VYi; O,;FP Fi=p Ui - (1.4.10)

élu@)\;ckuubmvegj\de»&ua‘)ﬁsm c'é‘)\)ﬂ\wﬁmdm&\;ﬁ?j
1 e gioall adl ge @l aall e ol o Bloall Jia s B GOl - S
GLI.MJ‘ e UA)J\ '5.3;5 @fuuaj\ ¥ GJ.G :\Aﬁimj\ 3‘)\);1\ %ASLLU\S \.JJ} ¢ fuua.“

[16) O o X _ssdl oo Zogeall Aalud) sangl auall lasall (3ledl

. (Nowacki) [17] ¢« (Nowinski)
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qg.=-ko,, . (1.4.11)
sl g g e adiays ¢ s all dpa gl Jalaay Ciymy Kol G

t st OS dalus jaie je AT 43 g8 DA A8l 5 ) jal) 43S
AW =Kk0,.,n;dSAt . (1.4.12)

g Jalas V; aas & (Heat Equilibrium ) ol oadl o) FY) Gajad cagu ¥
e DA diid) 5l jadl 4l 8 ¢ o) aall (e T e By S) Bl o ola

pAul Ay i Al 3 pea e 33 56 S xdaull

AW'=K [0,,n;dSAt

S1

Ay ¢ amaall Jals i 4lé Q 4iad (Heat Source) @l ya saae Sl (K 13

:@m\:\ﬁwh@kﬂg‘)\)ﬂ\‘)m‘ s e danlill 3 jall 4S8

AW":ijdVAt
Vi
P oh A 5 ) al LS G ans @Iy ag
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AW=AW +AW" .

Ja V) dihidl 5 el cila )y B8 by anall 551 all 4 (il Gass Sy

b b WAL 23 gl

AW= [pC.0dVat

Vi

<5 vie awall (the specific heat) due ol 351 a0l oo Cp g ¢ awall BB P s
JIN san o 3o gl laley awnll 551 s Aa pa b A U 3l jall LS 51 ) JladaY

P ey (i) Gigd e

AW=AW +AW"
o) i @iy
[(pCc0-pQ)dV-k[0,n;dS=0
Vi S1
Dl deant Gl Jalsl) 8 G glad e Ll 4y 08 ottty
ko.i=pC.6-pQ . (1.4.13)

. (Thermal Diffusion Equation) L;J\);J\ DY) Aales Jia =Y
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Z\_AL“J\ 3‘)};4}\&5
q,=-kij0,; - (1.4.14)

P 3y gpall o (1.4.13) Uabeall maaig

6 .
é—x(kije,j):pCEe_pQ : (1.4.15)

e 058 Ahiiall g Ajioal Lyl dolal bl c¥aled) oS8 dlly
5(1.4.9) Oilalaall Hag ¢ puiladall g Jilaiall avall Als 3 (1.4.13) 5 (1.4.7) Ol

L olaid) ey Bl e auall Alls 3 (1.4.15)

5 (1.4.13) Gilbedll of Cus ¢ ddasi o e VOl g (e DS O

¢ b 3l ya iles e ole eb ¢ Lyl Jia o gl e oligiad Y (1.4.15)
Loaily Xy ¢ L daliadl daleall e ajite JSi L alall dall alag) oSy
o5 daslaa 31 al Ay cul€ 13 V) Lgie 51 da oS ¥ (14.9) 5 (14.7) oilabaall

NEENBY ARV KR EW I SNy
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Theory of coupled thermoelasticity

(Undeformation) o5&l axe dla 3 P 48lS, Vsl aas o ()i
ﬁjddﬁyﬂﬂﬁjcﬁdwcﬁ)&\cﬁuﬂ&iﬁj Jj.;jedch'a:;\ UAJBJJ
(RN s n A ) To Jasll L Jas 4isioa
JMas aga g s (External Loading) oa,ls dieady awall oo S8l 4 66 Leie
by ¢ @ yailly iy 3all lagy ¢ (Deformation) o o8l 3 Taw awall 8 550 5a

EEEER IO IS NS T IRT. TR WL RUTJVE W-JET.
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sa3l b3 iad sy O=(T—=Ty) LI 5,5l awall 5558 Go 5 sl

?O <<1l , : [11] A S 5
o) a3 (1.3.13) 5 (1.3.7) osihaleall (e
Pd):Gijéij_qi,i+PQ_PT]T_PTﬁ : (1.6.1)
sl Jeasi (1.3.11) Al Aalese & (Chain Rule) dulull 320l aladiul g
p¢=p§—iéij+p§—$T+p§—ﬁTi : (16.2)
POl and Leguamy Gl Glalaall 4 5l

Ci;=p % , (1.6.3)
= 2_$ , (1.6.4)
;;‘I('I,)i =0 |, (1.6.5)
—Q;; +pQ—-pTn=0 . (1.6.6)
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P ) e Jiasi (16.6) 5 (1.6.4) Oilalaall aladialyg

0% . 0% .
—pT e + T |- =0 .
dii —P [ae”aT TR pQ (1.6.7)

: gJ}LAJ‘ (:J.c :\Tu\)aj\ :\-’J)Aﬂ (Potential Function) J@AJ\ 41 gﬂ)SA.A @bﬁj

1
P¢(eij’T):p¢o+C"e"+_C' € e|<|_Yijeij9‘|'d92 . (1.6.8)

ijij 2 ijkl ~ij

Ealaalls ¢ puanll aphall gl 6 ol s b o Bl Jis §p
. TJ;EWJ;’JG.A(:J;LEJML@JYA@A,J\ZJ\A&)&OA
Ol gl i b Oy €5y 0 il el paai Ladie aaeli o Y awsall Zila o L

Ci=0,=0 ol

o aa el

1
Pd=>Ci € e, —v:; €&;0+d0?* . (1.6.9)

P sle Jaani (1.6.3) Aaleall aladiuly g
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Gi; = Cijkl € —7ij 6 . (1.6.10)

E¥alaa) &yl pall Ayl 4 phil ALSA aValadl Ao geas o 3)le g

o8 caniiy ¢ Jilidl jue s Jilaidl awall déaia g (Stress equations) ( alexY!
Cijk, OMalaall g ¢ (Duhamel-Neumann equation) Olessis Juld ga daleay Aotz
22l B lalaay iyat Yy COlleall g (The elastic modulii) 45 yall idlalaey o yas

. [11] (The thermal modulii) L;J\);J\

tGle Jhan Ll ABLae Jledi¥ g alea¥l e IS LS je o Lag
Cijkl :Cjikl :Cijlk :Cjilk v i =i

(:J.c dm;.' L;J\);J\ d:\.mj.'\ﬂ J:HJ)‘S' :ddbuj (169) K (167) ugﬂdbud\ \Jiiu\.}j
= ¢

: A0l Aaleldl
(kij0,), +T,(2d6-v,¢;)+p Q=0 . (16.1)

OsSi i Ty &l sl alh Ay T osiall A Jladl 5 ZaL Aol b

L Agladll 5y pall e Alsladll

leies T o aciad ¥ € L0l U o) mitiai (1.3.13)5 (1.6.5) Aolaall (e

D ste dhans
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tole Jiasi (1.6.12) Aaladll ge (1.3.13), (1.6.4), (1.6.9) <Y alaal aladiuly

2
o€ T@n T@ ¢

ot 'oT ot 613
oe 2d
CE = a—T — _? T ’ (1.6.14)

(:J.cdma.\ﬁﬂjd.!szTo @AJM%SJM@&M\HJM\Ujﬁéj
_ P
d=-Cg : (1.6.15)

o 233 (1.6.15) 5 (1.6.11) osilaleall e
(kij©;), ~Tovi;8;—Ce pO+p Q=0 . (16.16)
poh LS el (asas o Sy 4ils Jilaia aual) S 1Y

Kij =K » ;=79 .

ol LS Bl manl s 3 251 jal) Al 55 5em o Juan Leia
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(k6;,) —~C.p6-T,v&,+pQ=0 . (16.17)

Pl 8 AL Al maas K=Ky eyl o5l al) dia sl dalas (IS 1Y
K,0:;—-CcpO-T,yé;+p Q=0 . (1.6.18)
P J<al e sl (1.6.10) Aabeal) b Jilaie amall IS 13

o =2ne;+(he, —v0)3; . (1.6.19)
C oAl sadl Jalew Jis O 5 Y=(3A+2 W) grr s

(1.1.3) Aaleall 3 (1.6.10) Aaleall (o i gai dad JY1 LS po Lediad Aoles 205 Sy

gl e il ey Guilaiall amall 2 5al Astes e Juani
CijLUkoj-Yi;0, 1P Fi=pli - (1.6.20)

S e A0l sl st (Bléke asnl S 135
Roui gt (A + Wujitp Fisy0,+pl - (1.6.21)

(1.6.20) ouihaleadl (e sS8 ddag gl 4 ) pall A g el 4y ydail daSlall Y aladdl

Jlaial) aall (1.6.21) 5 (1.6.17) Oilalaall (g ¢ Jileiall e awall (1.6.16) 5
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8 iy o Lgany ge Alag e LRI o3gd Al GVl e 255 S

oHEl aal Gua ¢ Aagipall g Aloall g oall 4k G gealll 4n gl sl 2o
c¥abadl @ls 8 cue @llia J15 Y @l e a b ¢ SalSadl L ADle 5 ) yall
O 2 (15.16) , (15.17) oty —adl Gilabaall o ga 5 ¢ &l oda 4anllad Al
(s (parabolic partial differential equation) 4j8lSe 4 3a 4laldd 4 lilea g g
die dhti gl ie awall Ala 3L yuad s 1)) 451 @Y alaall (e g gill 13 Jall Silan
ol olull ae (Bl a5 Ales ¥ Lo I Aaadll ubi 8 diay ) 1 U
O Y Al ol A la il o) g salall & an ) cilasall o G ¢ o) sl
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o el 5 e sa g ¢ cuall 138 O Y alaall e AT £ g8 alag) e 2Y IS Sl
A el &y el Bpsadl 2B o G il . el LAl Agpall 4k
5 B L) il 1 il e spsal L) el 8 L3l ag  a (pmil
oy e A kil bagd dall dglaay @ld) sl VO JEA duw e
(Nickell and [19] obeSbug JS5 e S 2 Aol fawe X 4 ¢ (Weiner)[18]
aasl QX 4 deaa Alae Jay (Hetnarski) [20] S liw 285 . Sackman)

122] & Al ) dall 5[21] 8 I sall (e Al Ll 53

(Ignaczak) &3St Aas sl Ay all 55 pall L85 3 oty 1S L5 Gl 00

Al 4[25] ( (Tanigawa) | slails 5 (Takeuti) & },\SU) 5 [24] (Nowacki) Slsi 5[23]
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Negiy o il Gyl 8 A pliad 35 Hha aladiuly Jall s ghaiy [26] (Hetnarski)

tdaarall 4y jad) A g pal) Ay ylai: 81

Theory of generalized thermoelasticity

O sy ¢ LS B iy Gue asay LSS il iy ylaill lia je die
M de A e Ao Juay oyl SIS LS el (e g g3 Ja)
o Ul oo cuall 3 ¢ Spall 5l bl g il 13a g &y ) da s

LY aleadl @l

43 ekl (Lord and Shulman) [B]otl sdis 280 Oldlall Bl 21967 ale A
Lo a5 «(2nd sound) Adeall alsall & S Cgeally Ciey Lay 40 all Dyl

(a3l s Leanall )yl &g pall i ) ey e Crsen

Jasil 45,k 538 arexis (Dhaliwal and Sherief) [10] «uyds Jisalla plallall 8 5
LS goloal daasill ju )8 538 Jied 5 a5 (Anisotropic) Slaiell e ol

(ol dpa sl Janall )68 518 ) — Caymy g &y phaill ells
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Ly Gl Al Aslee g ¢ Jilaie e Jawgll Lead o5 I alal Qlel S

DU 3 S 50 all s JlaiYl dleaY)
cij=Cijxiexi-7;;9 - (1.8.1)

5 ypaall 32430 Jics O 5 ¢ (Coupling parameters) Jalgi )¥1 cblalea Jiad Vij Cua

-

.SJ\);J\:\;JJ(;_%

P JSEIL 4RSS Ayl oall aalinll J Y1 5l

d
Ej[% vivitUl]p dVZIP FividV
v v (1.8.2)
+ _[(Gji Vi 'qj) njdS .
S

Jis Vi =U; 5 S @lie phay blaeg salad) aan (e Wilsde Tpaie Vo s
soladl 8BS i P g0 JSU san o Alatal Al B U 5 ¢ de pll 4atie @ilS
Oi s oS san gl Zon Il 5580 anie LS ye B By el o adied ¥ o
chall o gaganll Baagll daie GlS g Jig Ny 5 ¢ golall padll 4 iy
cgollly

S, tP Fi=p Vi - (18.3)
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Pob o Ll aladiuly

c..=0C. . (1.8.4)
pddaleall de (1.8.2) Aaleall (po hanig

-g;,;=pP U'Gijéij : (1.8.5)
5 pall o iy s Y Alslae ahasiulyy

q;,,=-pTn . (1.8.6)

géjeméj\'é‘)\);:\;‘)ddﬁé TO jT0+e Lﬁjuﬁj M\EJ\)AJ\:\;JJT GIYEN

-

Pl

o) 23 (1.8.6) 5 (1.8.5) oihabaall (yag
1

Pl LS Aulul) sac 8 aladiul aey AT G AGLA Aaleall 408 (K

_poU 1 ouU
dn==—dT+= —-oii |de;; .
p dn ToT T(Pa e Oij €ij (1.8.7)
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5T A dlalis oS of a0 Y A1 Jlaials 451 el ISpatipall G ¢ i s

;e Juass dlly g €
on_poUl
p =27 , (1.8.8)
on _1p oU
l)ae” T Paeij Gij - (1.8.9)
b Aul Aaid) Jisall S el Jalil) al 3 e
o’n  _  8°m

OT ey 0Oe; OT

(1.8.1) Asladl go (1.8.9) —(1.8.8)0laally Lilaiu¥lyy AGLudl dpalal) Hladinlys

p Ml e Jaans

1 ou
$(PE'GH ]:Yij : (1.8.10)
Pl dhani (1.8.7) Aabad) 3 AGLA Asleall (pe iy sailly g
P dnzgg—?dTWijdeu : (1.8.11)
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_au

e 5T (1.8.12)

faa A 8 5500a Aasn B Jldil) e 8 B saa gl Ao sill 5 all i Cp

T =Ty manli 5 500m 4550 0

bl daal JalSll o) jal s (1.8.11) Asleall 8 (1.8.12) Alaleall (o sy gl

p n=p Cg logT +y,; e;+constant. (1.8.13)
€; =05 T=T; Luic N=0 Jray Cuny culill 1585 g 4G Aleal 3

AN 5 ) pall o (1.8.13) Aabaall maat @iy

0
pn=p C; |09(1+T—J+Vi,-eu : (1.8.14)

0

0
Juaals « O/Ty il 3 g dlubuis Iog(1+T—) Aol o Sia dagly

0

Ple dhaniaaly e ST Gl L ) ulial)

PTom=p CcB+To vy 65 - (1.8.15)
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(;J:\.LQS:\T\.LAJ‘ '5‘)).54]‘ @(186) Aaleall @45 uSA:U

q,,i=-pToMm - (1.8.16)

Do Jaani (1.8.15) Aaleall e

d;i=-p Ce 0-T, Yij €ij - (1.8.17)
b Al gl e ool pall Jpasill 58 0 6l Aalall 3 paall G 2 s OV
J;t1. §;=-ki; 0,; . (1.8.18)
C B Y el 8 To G

dlaleall Ll Jaai (1.8.17)Aoleall 8 4y (i satill g A5 0l Aaleall 2o il Gluay g

pC(0+1,60)+T, vi; (€10 &ij)= ( kij 0, ) +(1.8.19)

axi

& (1.8.1) Aaleall o paged Uj Aai Y1 OlS jo Leliag dAilae o Jiasi Jag

b Jlai¥) iy s aladiaaly s (1.1.3) Aslaal

eij=%2(ui,;*uj,;) (1.8.20)
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8—x,( CijkiUk )'aixj(vije)ﬂ) Fi=pui - (1.8.21)

P IS (1.8.21) 5 (1.8.19) olilabaall 33l Jilaiall aunl) Als i
KT,:=p Ce (T+to T)+y To (&t to Bur ) (1.8.22)
pUi=(A+u) uj it Uiy Toitp Fi (1.8.23)

v=(B8A+2u) a: -
d AUl aleay!) Aaleay ALLAN Y alaadl JaiKS
o; =2ne; +(hey, —v0)3; . (1.8.24)

(1.8.19) cuilaledll o 5 oSH deamall dyoall g el 4kl ) ol

i) anaall (1.8.23) 5 (1.8.22) oyiilalaall (yag ¢ Jilaiall e awall (1.8.21) 5
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.. (equation
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Theory of two-temperature generalized thermoelasticity
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: Z\_Alﬂ\ 43Dl égijkmjj\ (;J d:\.mjﬂ\ 3J‘P
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(The two- temperature parameter) & jall Ja j0 Jalea ooy @ > 0
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Introduction

Ll sl 3 gad o (gging 5 ogfie p Goe Jasl Gulal da S (ol 18 b

Lol g pall 4ok Bl (B lld 53 all jiad ae bl 1 pal s2 503 Cua
54 s dediay 3 gadll Aol mdaull 5 Lavie sl ol SA YT e 3 il daanall
Wil sSxe alagl & ey alall dall dlagy GOLY @Y sae aladiul e A4S deva

: Al el :2-2

The basic equations

: [58] Ul 3 suall e 3 jall Aalza

(KT)), = [1“0 %J [5 T+7T, é} - 1)

K
DA 5 geall e 48 jall Aloles

pU,=0;- (2.2)
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A=1f(T) , u=pf(T) , K=K f(T), v=7v,f(T) . (2.4)

ESBN EEGUE ST URPIS § (| ) IPRICHp. AV /U T SR

F(T) =1 Qsindi 5,51 ol A 0 s g
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s Al ool e Jiass

ci;=F(T) 21, €1+ (Ao € =7, 0) 515 | (25)

48



pu, =f(T)[2M09ij+(7‘oekk o G)Sij],j
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+F(T); (208 i+ (Mo €7, 0) 81y 7
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[Kof(T)Ti],i:(“% aatM OK( )T+V°T°f(T)Ui"] 0

P Ml Lola :3-2

Problem formulation
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Sae 2 Heae 058 Gy (MY,2) 4 shaal) clfiaal) aadiuing ¢ Jawgll Jab
dafd adiat g el dgalal Alwall 8 ¢ HlalEl g Blall e A ghu¥) Hsae Jsh e

el Tl Al _le

b O o o Al Y Astie ilS e ol Al e Sl

u =u(r,t) , u,rt)=u,(,t)=0.

49



18] 55 el o &y F(T) A o g
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- EOleall af (g Ao gie b g4 9 (Empirical Material ) om <l o Cua
Loall sl (G a8l o Wle 4hi 3Hpa o aVabdl g8 Sl
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DAl 5y sall e F(T) Aol Gos® yany o315 =

0
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. oe 00
pUZf(TO){(KO+2“°)8r ar} ,
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(2.12)
G, =6,,=06,,=0

(2.13)

e opy cValaadl e claa gl Gl Al il i) aadiid G (Y1

[58] Z\.AL“J\ gJ}LAJ‘

, (xo+2uoj%u , (xo+2uoj%r , K0+2uojr
Uu=| —— — ‘ [M=| ———— — ’Coz
K K

%
t,z(—}\lo_kzuojl ¢ 6’23 ¢ 6'23 ¢ R,:(ko—i_zuoj E
P K
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b:ﬁ . _Yo K . B:(MJ ¢ a= b
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S (2.8) (e AELall ¥ aladll 5 Ly g gl 5 ALl Laaal) pae oyl aladialy g

D Gle Juans ks (2.12)
V0 = 0 +71 0° [6+ge] 214
ot °ot? ’ (2.14)
2
f (TO )[Vze —aV26] = aatze (2.15)
Grr=f(To){Bza—u+(B Z—Z)E—be} , (2.16)
or r
Cyy :f(To){(B - 2)8_u+B ZE_be} , (2.17)
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Formulation in the Laplace transforms domain

5y saally Ciyaall (2.18) LU (2.14) (e cValaall i jhal (LY Jsme aladial;

f(s)= .[:f (t)edt

: Jall e Jeaas
[VZ—(S+TOSZ)]6=g(S+TOSZ)§ , (2.19)
(V?—as’)e=av’o , (2.20)
_,0T ., T L=
05, =p*——+(B*~2)_-bo , (2.21)
_ , 0T ,0 .=
as,, =(B*- )—r+B 7—b9 : (2.22)
a5, =(B*—-2)e—ho (2.23)
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[V 4—[0(52 +(1+ 8)(S+‘CO 52)] Vit+as’ (S-i-’to Sz)} 0=0 , (2.24)
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P AEl bl Giad € () it O (K Alaa 48 ylay
[V 4—[(132 +(1+g)(s+1, sz)] Viras?(s+t, sz)} g€=0 . (2.25)
A a4 dall e ass o 08 (2.20) 5 (2.19) Gailabeall g
_ 2
G:ZAi(p?—asz)Ko(pir) , (2.26)
i=1
2
€= Z B, K,(pir) . (2.27)
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sle duani o ki Lild (2.20) Aabeall & (2.27) 5 (2.26) oilabaally (g gailly g

;b LS By el el Ul dad
B, =ap’A, , i=12 . (2.29)

bl JSal 8 LS AL Gl il Ul AV (2.27) Aslaall maat Sl

2
s=a3 AP K, (pyr) - 230

i=1

JolSil £ ya) 5 (2.9b) Aotaal) & (LY Jisad 3 (2.30) Aobeall (o (o ailly g

Pele s r Al
2
u=—a>y A pK.(pr) . (2.31)
i=1

s Aaall e S g gl e Aaeadl G Ay K () G
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Dl ani(223) - (221) oo <¥aledl L (231) 5 (2.26) Oioleally (g

2
oG, = aZAi ‘:Bz SzaKo (pir)+%pi Kl(pi r):l , (2.32)
i=1
2
as,, =ay A [(BZ sza—Zp?)Ko(pir)—%pi Kl(pir)} , (2:33)
i=1
2
a5, =ay (B*s’a—2p7 )AK,(pir) - (2.34)

i=1

ey =R SN mhaudl e &paall da g 28l aadtiu A geaall < sl HLl1 et
_:&:\‘JAS

g ) al gaa byal - (1)

-

Thermal boundary condition

bl (< e L) s Leval ga g F=R I phall of (ais

0(R,t)=6, H(t) .

s y=i g (Heaviside unit step function) sast sl 3 ghaall <y awisa s H(L) Cua

: é‘)!ls
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1 H(t) >0
H(t) =
0 H(t) <0

: (:J.c Cians ooy dﬁ);ﬂ e\dﬁu\.}j

0(R,s)=— . (2.35)

P eSSl gaal byl —(2)

Mechanical boundary condition

UKl 8 ASilSe Laaial paped =R Al mhald) o (i
o, (R, t)=0c,H(t) .

: (:J.c Cians ooy dﬁ);ﬂ e\dﬁu\.}j

S, (R,s) =% . (2.36)

o ghd sl Ughat Lgli (2.36) (2.35) ¢ (232) ¢ (2.26) <¥aled) aladiulyg

. A1, A2 u:\.J}PAJ‘ w#b&\@iﬁ)@\ Y aleed!
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2 2 2 6
(P —s’a) Ko (RiR) A, =3 (2.37)
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i=1
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Inversion of Laplace transforms

Alie o adiai Loae 4G Hh aadiid Cigu uSall GOWY Jsne ol

[59] st Aluduiia
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Aol 3 salal Ll & Gl o 5all 0 Sl Ginse n iadd Jb C syial U
[59] b asnsall yulaall e s ddle ol il JUl) 13 Ji) jlalls f(S)

LY sSaad sa3al) Jall slasy FORTRAN (ol iy sill 43 aladiiaal o3 2 g

Lgilia g Agased) i) : 6-2

Numerical results and discussion

af 058 Cus Lpaell gl e Jsanll gulaill sale LAl S5 s

—:[58] GJJ LS dual & Jia Q;d\ Sl gl g el gt Ll
K, =386N/Ksec , o, =1.78x10°K ™, Cg =3831m? /K,
n=8886.73 m/sec?, 1=3.86x10" N/m?, A =7.76x10" N/m?,
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Introduction

Cipels Al 5 Epaall Ayl el Dy all il s saa) wail s ol 1
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The governing equations

:[45] Al Jay) aab Al o3a 8 daslall e¥aladl )

b Al a2l ) al) Aales

K

(Ko,), =(1+ro %j [5 O+4T, e} . =123, (31)
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CA s a e Ty 5 JediYl € ¢ glall dua gl
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Asladdly 20 0 Al 55 5all da oy @ Aliagall 50 all dajn o ANl

4l
¢p—-0=ap; , i=123. (3.2)
STV F: D=V G LAVEN

soloal ds 0 3 el Ay die ey purie K (5ol all dya sl dalaa o (2 il
JCA e Aualindl 550l dass b Al A i o 4GS S o Aualial

: [45] Aul
K(0)=K,(1+K0) . (3.3)

s 0 ook ¥ Laie ol el Juagll deles by i K

CTas Lpma il 5L K <0

P sle Jrand Ll (3.3) dalaall 5(3.2) Aaleall (o s sailly g
K(0)=K,[1+K,po—aKp; | ,

Jloa) LiSay ellyy Lils L Ky g Tas s sa 3 00al ia s dalea @ o L

oo duani i ¢ i aal (AK,@;) i
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K(G) =K, (1+ Klq)) ) (3.4)
Pl JEl e dlia gall 551 all da o AV K i (3.3) o L

K((p) =K, (l+ chp) : (3.5)

t o a0 (35) 5(34) s

K(p)=K(0) .
obeml Gk
- 1 ¢
b=z | K(g)de, (3.6)
o0
3
.1 &
GZK—I K(g)dg . 3.7)
00
o Gle Juani Wild Xj 3 Al (3.6) Aabaall 3lELEL
Kopi =K(o)o,; (38)
D e duant Xi Al s a0 5 e AGLall Alsled) S
K, @i :[K((P)(P,i],i ’ (3.9)
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D ole et X 1Al (3.7) dobed) Blns) vie Jiall

—~—

k0, =k(0)6; , (3.10)

(0]

P Gle Jrani T Al 5 A1 5 e (3.7) Aalaall BlELIL

k,0=k(0)0 | (3.11)

Do deani(3.1) A (3.11) 5 (3.9) ¥aleally (o sxilly

N 0 o° |1~ 9T,
Ci=| 37 %5 EGJFK el . (3.12)

(o]

) JEN o aad A< al) Alala
pU;=(A+p)u,;+pu,;—v0; , =123 . (3.13)
t sle Jiani (3.10) Aalaall aladiuly g

. yKo éi ,
K(6) -

pl;=(A+p)u;;;+pu;; (3.14)

K
A e Toliyg FE))Dl Cu Rl a2 o e Apladl) 5y guall 3 Al 0S5 S

:[45] 3 sall e 3 paY) Usbaall raal o g
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pl,=(A+p)u,;;+pu, ;;—v0; . (3.15)
DAl Aaleally st &g algalYl o Ak
cij=2 peit(hew-v0)s; » =123 (3.16)

Oilaleall 8 daim gall il paill 5 il sl Jlaxtinly (3.2) Aabaall yusdl ¢ oY)

b LS (AT 4Lk atin (37) 5 (3.6)

o duani @l s K lg jum elld anyy X 1 &l (3.2) Aaledd) Jualis ¥
K((p)(pyi — K(G)Qi =a K((P)(P,m , 1=12,3. (3.17)
P sle Jhani (3.17) (B (3.10)(3.8) ¥ alaally (g aiilly g

K,d,—K,0, =aK(p)p,; , =123 (3.18)

 sle Jan (3.9) Lsbadl

K, ®=[K(9)o, | =[K,(1+Kp)o, |, . i=123. (3.19)

b AUl Aabealt Jialdill ey Lydaat

K, @i =3K K@,0 5 + K((P) ¢ 1=123. (3.20)
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;g e
Ko (~P,iii = K((P)(P,iii , 1=1,2,3. (3.21)

f e Jiani (3.18) Aabedll i (3.21) Alalaall (o (g sl

(T),i _e,i =4 (T),iii , 1=123. (3.22)
Pl daani Ayl
$-06=ao, , i=123. (3.23)

s Al dslua :3-3

Formulation of the problem

el Gua X e pe (0SX<00) diee dols §158 Chual Ll o (i

Sl 5 s et Y iy (X=0) mhadl pady uay daugd) )

oAl JEl aabin da) Y1 LS e laaie
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(u,uy.u,)=(u(x,1),0,0) , (3.24)

€= ax (3.25)

P A S e maal (3.12) 8 5 sl Aalas

¢ (o o \[1x 4T, au
= —+1, — || -0+ —"—] ,
ox° (at T°aﬁJ{K K, X (3.26)

s J<al Je oui<d o 8 (3.15) A8 jall Alalea g

u 0B
ox? 'ox .27

pUz(k+2u)

s I Sl 3AT iVl g dleal) o Al aad A Asleall
; 3 PANE : 9

ou
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b O 38l 3 yueall Aadll Jag b Jlea) 2 (3.2) Aaledl

(3.29)
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(3.29) 5 (3.28)¢(3.27)¢(3.26) <¥alaall & AL Lpandl jao <l purially (o sailly g

D ste dhans
25 (o &)\~ ou
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f(s)= Tf (t) e'dt

D le Juani il (3.33)-(3.30) ci¥abaall ikl (oY Jygai 3alis

¢ -

— =(s+1, 52)[6+81 e} , (3.34)

s, 29

e =S e+g, dx? . (3.35)

G = €—¢g,0 , (3.36)

~ = d*®

(P_e:dez : (3.37)
;o Uit « kel c¥oladl e O Giias,

d°p = _

oz~ P e (3.38)
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S+71,8° g, (1-Bay) s’ +o.e.8, (1-Bay )
Oy = * Oy =
[1+B(S-I—TOS2 )J [1+B(X1 8182] [1+BOL1 8182]

Al o lad 444,k :4-3

State-space method

Gl i € J i) Ol e 53 P Alagall 5 el dapy e S Lasl

4 ghiadll 44 yhay i€ ] (Sa1 (3.39) 5 (3.38) @Yalaadll (8 X ol ol 8 ¢ Ala
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V(x,s) = exp[—/A(s) x]V(0,s) . (3.41)
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Pl g 8 i ol ey A(S) 4 shaddl 5 jpedl dlaladl
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DA B 3ias K, o K Alaladi o3 sia g
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b Al Ja aaly (3.41) L shiaall 5L Al o Siag
= [—JAB)X]"
exp[—A(s)X] = Z% . (3.43)
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X 58 o adiat e @) 5 @) Cua

Zagiadl Ky g K 5 5ped) Aoledd) Hsia ol ¢ siluala IS Dyl e Toliy Lad

b Ge Jiast Wil agle 5 ¢ (3.44) Aabadl Gia3 o A

exp(—\/kTX) =a,+a,k;, , (3.45)
exp(—/k,X) =a, +ak, . (3.46)

é&dmmco)&igkﬂ\ew\da.\j

B ke Vkex eV
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. e—\/ﬁx e K, X
1 kl _ k2 (3.48)
P ste daani Lgiag
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Application
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The thermal boundary condition

P AU X =0 ahdl vie 4y ) ja dera dgay dixia
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P eSSl gaal byl (2)

The mechanical boundary condition

POl A Jleiil gl e & X =0 whaad) o ity
e(0,t)=0, (3.57)
ple daans A8l &kl GOLY Jysad 34 aay g
€(0,5)=7%,=0 . (3.58)
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Inversion of Laplace transforms

EDl i esSae dlay B B G B S g Gl s aladiul

Loae o0y

tLgidBlia g dgadel) pilisl) :7-3

Numerical Results and Discussion
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T, =293K,K, =-01K™, ¢ =1.618, B = 0.1, ¢, = 0.01041.
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Summery

This work is concerning with elastic materials, i.e a material which
deformed when it is acted upon by an external forces. Almost all engineering
materials possess, To a certain extent, the property of elasticity. Thermoelasticity
is a branch of applied Mechanics that investigates the interaction between the
strain and the temperature fields using the thermodynamics of irreversible

processes.

In the introduction, we presents a review of the historical development of
the theory of thermoelasticity and give a literature survey on the main subject of

this theses.
This theses consists of three chapters as follows:

In the first chapter, we give the review of the classical theory of linear
elasticity and the basic principle of the theory of thermodynamics. Contains also
the derivation of the basic equations of the theory of uncoupled thermoelasticity
showing its basic shortcomings, the derivations of the basic equations of the
coupled theory of thermoelasticity showing how this theory has eliminated one of
the two shortcomings of the theory of uncoupled thermoelasticity and how this
theory still predicts infinite speeds of propagation of heat waves in contradiction

to physical observations, the derivations of the basic equations of the generalized
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theory of thermoelasticity with one relaxation time and shows how this theory has
dealt with the shortcomings of both the uncoupled and the coupled theories of
thermoelasticity, the derivations of the basic equations of the two-temperature
generalized thermoelasticity with one relaxation time and finally, the basic

equation of magneto thermoelasticity.

In the second chapter, The equations of generalized thermoelasticity with
one relaxation time in an isotropic elastic medium with temperature-dependent
mechanical and thermal properties are established. The modulus of elasticity and
the thermal conductivity are taken as linear function of temperature. A problem of
an infinite body with a cylindrical cavity has been solved by using Laplace
transform techniques. The interior surface of the cavity is subjected to thermal and
mechanical shocks. The inverse of the Laplace transform is done numerically
using a method based on Fourier expansion techniques. The Temperature, the
displacement and the stress distributions are represented graphically. A
comparison was made with the results obtained in the case of temperature-

independent mechanical and thermal properties.

In the third chapter, the consideration of variable thermal conductivity
with linear function on temperature has been taken into account in the context of
two-temperature generalized thermoelasticity (Youssef model). The governing
equations have been derived and used to solve the problems of an elastic half-
space medium in one dimensional. The governing equations have been cast into
matrix form and state-space approach with Laplace transform techniques were
used to get the general solution for any set of boundary conditions. The solution

has been applied for thermally shocked medium which has no strain on its
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bounding plane. The numerical Laplace transform has been calculated by using
the Riemann-sum approximation method. The distribution of the conductive heat,
the thermo-dynamical heat, the strain, the displacement and stress have been

shown graphically with some comparisons.
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