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ABSTRACT
The present paper is devoted to the determination of displacement, stresses
and temperature from three dimensional anisotropic half spaces due to
presence of heat source. The normal mode analysis technique has been used
to the basic equations of motion and generalized heat conduction equation
proposed by Green-Naghdi model-1I [1]. The resulting equation are written
in the form of a vector —matrix differential equation and exact expression for
displacement component, stresses, strains and temperature are obtained by
using eigen value approach. Finally, temperature, stresses and strain are
presented graphically and analyzed.
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1 INTRODUCTION

HE drawback of the theory of classical thermoelasticity from the so-called "contradiction of heat conduction

equation” i.e, heat equation is mixed parabolic-hyperbolic type, predicting infinite speeds of propagation for
heat waves contrary to experimental results. The heat conduction equation of the theories of generalized thermo-
elasticity is hyperbolic type and free from this contradiction.The theory of generalized thermo-elasticity was
introduced by Lord and Shulman[6] with one relaxation time parameter by modification of Fourier Law. Green and
Lindsay [2] modified both the heat conduction equation and equation of motion without violations of Fourier Law
by introducing two relaxation time parameters.

Along with these theories, Green and Naghdi [3-4-5] (G-N model) also proposed another generalized theory of
thermoelasticity by introducing “thermal displacement gradient” among the independent constitutive variables and
named as type I, II, and III. Among these models, type I is same as classical heat equation which is based on
Fourier’s law where the theories are linearized. The type II and type III models permit finite speed of wave
propagation. The basic difference of type II from type I and type III is that it does not contain dissipation of thermal
energy where as type III contains dissipation of energy. The type II and Type III are also known as thermo-elasticity
without energy dissipation (TEWOED) and thermo-elasticity with energy dissipation ( TEWED). Several
investigations relating to TEWOED theory have been studied by RoyChoudhury and Bandyopadhyay [7],
RoyChoudhury and Dutta [8], Sharma and Chouhan [12], Chandrasekharaiah and Srinath [1], Sarkar and Lahiri[10-
11].
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The aim of the present research article to study the distribution of stresses, strains and temperature for a
anisotropic half space subjected to (i) time dependent heat source and ii) traction free on the boundary of the space.
Normal mode analysis technique and eigenvalue approach have been used to solve the problem. Finally numerical
results are presented graphically and analyzed.

BASIC EQUATIONS

In the absence of body force, the field equations for linear homogeneous anisotropic thermoelastic body in the
context of Green-Nagdhi model (G-N model) [3], are as follows:

The equations of motion:

ou,

ot?

Gy =P

Heat- conduction equation of Green- Nagdhi type II:

N 0’0 0 ,0u,
k; V0= pc, —+0,B, —(—)+
ij E atz Oﬂy atz(axj) Q

The Duhamel- Neumann constitutive equation are:

Ty =Cyyu € — B, 05;
Strain — tensor :
— aui

1( +u..),u —
e. =—u. . +u. . L=
i 2 ij Jei /27 8x/

FORMULATION OF THE PROBLEM

b ]

e
|

xy

Rigidity fixed surface with thermal load.

Consider triclinic thermoelastic half-space occupied in the region Q defined by Q= {(x,,x,,x,;): 0<x, <0 ;

—0<x, <00 ;0<x, <oo}subjected to time dependent heat source on the boundary plane to the surface x,; =0.

The body is initially at rest and the surface x ; =0 is assumed to be traction free.
For three dimensional plane wave in a homogeneous anisotropic elastic medium, the components of
displacement vector are as follows:
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T =€) 018y, 01383 +2(0405;5 +0y5€5 +068),) — 5,0
Ty, = Cy € FCCy +C53€355 +2(C14€05 +C15€15 +C56€1) — [0
T33=C31€)) +C3p€5, +C33€55 +2(C34€53 +C35€15 TC56€,,) — B30 )
Ty3=Cy € +CpCy +C3Cs5 +2(CuyCy5 +C45€15 +Cy60)5)

Tj3=C51€)) +C55€5) +C53€35 +2(C5,€53 +C55€13 +C548),)

T

127 Ca1€1 FCy€5 FC3€35 +2(Cey€05 +C45€15 +C6€15)

where ¢ represents time and x, (i =1,2,3) denotes the respective orthogonal cartesian co-ordinate axes. Using

Hooke’s law stress-strain-temperature relations in a triclinic medium the equations of motion in absence of body
force are given as:

on,  0my  Ony 0wy
ox, oOx, ox, ot’
07, N 075, N 0Ty _ o’u, 3)
ox, Ox, Ox, ot’
ot N ors, . Oty _ Ouy
ox, Ox, Ox, ot’

Using Egs. (1) and (2) in Egs. (3) becomes

o’u, ou, o’u o’u, o’u “u zu 6214
c +c +c +2(c +c Ltc + : :
€ : S Yo 2) € oo, | Somx, ox,or, o)t axf s ax§ " 2)
ou ou ou ou ou ou 4
+ey, +CGG)W+(CM +Css)m+(c46 +czs)6x a; +(c)s ox 23+c46 ax; +Cs5 6x23)+ @
1 2 1 3 2 3
o’u o’u
+e)s Jrcss)mﬂc36 +c45) . 6 — - ﬂ“ - —=p 6t21
o’u, “u, ? o’u, o’u, o’u,
c +c L+c +(Cpy +Ces) ———+(Cy +C5) ———+(Cpg +Cps) ———
( 16 ax12 26 axzz 45 a 2) ( 12 66)8x18x2 ( 14 56)ax16x3 ( 46 25)6)(,'28)(3
ou ou azu o ou ou ou ou ou
+(Cq —2+C,,—2+C,, —2)+2(C 2+ 2 tc 2 )+C, — 3 3
Bax2 Pkl Ml T Padx, Coxdx, Coxox, ol Yl a2 O
2 2
u ou o'u o0 82u
H(Cpg +Cps) — 4 (Cgg +Cps ) ———+ (Coy +Cyp) ——— B e 2
OX,0X, OX,0X 4 0Ox ,0x X, o
ou, ou, o’u, o’u, o’u, o’u,
c +c +c +(cy+C)———+(css+Cy) ———+(Cps +C3) ————
( 15 ax12 46 axzz 35 a 2) ( 56 14)8)('16)(2 ( 55 13)axlax3 ( 45 3())8)628)‘;3
o’u, “u, 2u o’u, o’u, o’u, (6)
+(c +c +c +(Cps +Cu ) ——2—+(Cys +Cy ) ——2+(Cyy +Cpy ) ——+
( 56 x12 24 axzz 34 a 2 ) ( 25 46)ax18x2 ( 45 36)ax18x3 ( 44 23)6x28x3
u, ou, ou, o'u o'u o'u 06 o'u
c +c +c +2(c e >+ : —= :
s axl Haxl P ax? (©s ox,ox, O ox,ox, s ,0x )= by ox P o

The generalized heat conduction equation in G-N —II model is given by
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L0090 .00 .00 629 Ou
knglz"'kzz @-'-k}}g}z:pcli 8t2 (1811 ﬂzz a + P ax3)+Q (7

To transform the above equations in non-dimensional form,we introduce the following non-dimensional
variables:

o 1 ot
(xl,xz,x3):7(xl,x 3)t = (Ml, 3) lﬂ (upuza 3)
) . 2 ! ®)
C12:CA96':_:T,;' = L 9Q': Q
P 0 B.6, G Cr
C

1

where I=some standard length and ¢} =L ,¢, represent the dilation wave velocity. Eliminating primes we obtain

o |

the non-dimensional equations of motion and heat conduction equation as follows:

u, c. Ou, c. Ou c. 0u ¢, Ou c.. Ou c. Ou, c, Ou
Ly Ces 1+55 1) (S 1L, S5 1L, Ss6 Ly (s 2 4“2 2

oxl ¢, ox; ¢, ox: ¢, Ox,0x, ¢, Ox,0x, ¢, Ox,0x, ¢, Ox{ ¢, Oxi
2 2 2
+c45 auz) ((c]2 +cg) Ou, (c]4 +cg) Ou, +(c46 +Cy) Ou, N ¢5 Oy )
¢, Ox; c, Ox 8x2 ¢, Ox0x, ¢, Ox,Ox, ¢, ox;
2 2 2 2 2
+ci6 u3+ci6 u3+(c14 +Cs) Ouy +(Cl3+C55) Ou, +(c36 +cy5) Ou, _89:6 u,
¢, Ox; ¢, Ox; c, Ox0x, c, Ox0x, ¢, Ox,ox, ox, ot

2, 2, 2, 2 2 2
ci@ul+ci6ul+c£6ul+(clz+c“) Ou, +(c]4+056) Ou, +(c46+025) Ou,

(
¢, 0x] ¢, 0x; ¢, Ox; ¢,  ©Ox0x, ¢,  Ox,ox, ¢,  0x,0x,
2 2 2 2 2
+(Cﬁ6u2+c£6u2+_8u2) Cp Ouy  Cy Ouy  Cyy Ouy
¢, Ox} ¢, ox; ¢, ox: ¢, Ox,0x, ¢, Ox,0x; ¢ Ox,0x,
82 62 a 62 62 62 (10)
+(Ci Uy [Coa OUs  C3 O Uy (cis+Cps) Ouy  (cy+cys) Ouy (e +cy,) Ouy
¢, ox; ¢, ox; ¢, Ox; ¢, Ox.0Ox, ¢, Ox.0Ox, c,  Ox,0x,
5,90 00 82142
Zox, or’
ok ol Ou, (cy+c,) 0 (€55 +Cp3) O (Cys +C3s) O
Cis O Cas Oy | Cos Oy | (Cs6 TC u, Css TCi5 u, C45 TC36 u, )
¢, Ox} ¢, 0x; ¢, Ox; ¢,  Ox0x, ¢, Ox,0x, ¢ 0x ,0x 4
2 2 2 2 2 2
cia u, +c£8 u, cia U, (Cy+cy) O, (Cys+Cys) Ou, (cyy+cy,) O, (11)
¢, Ox; ¢, oxi ¢, Ox; c, Oxox, ¢, Ox.0Ox, ¢,  Ox,oOx,
2 2 2 2
ci8u3+c446u3 0336u3) Cys Ouy  Cy5 Ouy 3y o’u )— ,8 _ 6143
¢, ox} ¢, ox; ¢, Ox: ¢, Ox0x, ¢, 0x0x, c Ox 6x3 ’o 8t2
,,0°0 0’0 0’0, 9’0 o’ Ou, auz Ou,
e R #2250 (12)
ox, ox, ox; ot Yor? Cox, 6x2 Ox ,
’0, k|, k* k, ks
where, & = B4, 7CT2 _ K 112’ k,= 2*2,/(3: 3*3,,32=ﬂ22 andﬁ3=ﬂ33
wllCE CECll chcl kll kll IBll ﬂll
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Non-dimensional stress components are

1
T]] :_[Cllell +C12622 +013€33 +2(cl4623 +615613 +C16e]2)]_9
1

1
122:_[021611 +622622 +023e33 +2(CZ4623 +CZSel3 +626612)]_ﬂ20
1

1
T33:C_[C3lell 3585, +C33€55 +2(03,€,55 +055€15 +C36€1,)] = 5,0 (13)
1

1
723:_[041611 +C,406, +C43e33 +2(c44ezs +c4sel3 +C4selz)]
11

1
z'13:_[051611 HC55€p, TC53C5 +2(Cs4ez3 +C55C;3 +Csselz)]
1

1
712:_[661e11 1€y, 1C63C55 +2(C64623 +CesC3 TC66C15 )]
1

where, S

1

=%, (i=23)

11

4 SOLUTION PROCEDURE
4.1 Formulation of vector-matrix differental equation

For the solution of the Eqs (9)-(13), the physical variables can be decomposed in terms of normal modes in the
following form :

P P & x * ot +i (ax +bx ;)
[, uy,uy,,,0,7,,010x,,x,,x5,0) = [u, ,u,,us.e;,0,7,,0 1(x))e 273 (14)

where i =+/—1,® is the angular frequency and a, b are the wave numbers along x, and x , direction respectively.
Using Eq. (14), Egs. (9)-(13) can be as (omitting ‘*’ for convenience)

d’u, du, d’u, du, d’u, du, do

dx_lz"'alla"'alzul+a21dx_12+a22dx_1+a23”2 +a3ldx_12+a32dx_1+a33u3_dx_l_0 (15)
d’u du d’u du d’u du

b, —+b, —L+bu, +—=+b, —=+bu, +b, —=>+b,, —>+bu, —b,0=0

11dx12 12 ] 134 dx 2 21 dx, 2nl; TO3 dx 2 32dxl 333 ~ 03 (16)
d’ d d’ d d’ d

mu_uzl"'mni"'mn”l+m21_uzz"'mzz&"'m%”z+_u23+m31&+m3z”3_m33920 17
dx; : ’ dx, dx dx; dx,
d’o du, . ,

e dx_f_g'wz Kj—zaa)zezuz —ibo’ gy, —[c; (@’ +b*)-@’10-0 =0 (18)

where, & = 516 o = 5150, 6 = BP0,

3

C]]CEp, ’ CIICEp’ C\Crp
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Stress components are:

du du du
Tn:ai"'hlz a?"'hm aj"‘hmul +h15u2+h16u3_1816 (19)
du du du
T :hZI —+h 2 +h23 _3+h24u1 +h25u2 +h26u3 _ﬂzg (2())

dr,  Pdv, Zdx,

du du du
T35 =h, gi +hy, dx_z +hy, dx_z +hyu, +hygu, + hyguy — 5,0 21

du du du
Ty =h41 dx_i + h4z dx_z + h43 dx_z + h44u1 + h45u2 + h46u3 (22)

du du du
7;=h, aﬁ"'hsz dx_z+h53 dx_z+h54u1 +hgsu, +hsgu, (23)

du du du
7,,=hg, ai +hg dx_z +hg dx_z +heu, +hgsu, +hgu, (24)

where a; and b; , m and h, (i,j =1,2,3) are given in the Appendix A.

Egs. (15)-(18) can be written in the vector-matrix differential equation as [Sarkar and Lahiri, [11]],

dv
== Ay +f (25)
dx, - -

o L, L
where, Vo) =[u, u, uy 0 u; u) uy 0 ]T ,A:[ " “},ﬁ:[o 0000 00-07

L21 L22

where L, and L,, are null matrix and identity matrix of order 4x4 respectively and L,,,L,, are given in the

212

Appendix A.

4.2 Solution of the vector-matrix differential equation

For the solution of the vector-matrix differential Eq. (25), we apply the method of eigenvalue approach as in [1].The
characteristic equation of matrix A4 is given by

la-a1]=0 (26)

The roots of the characteristic Eq. (26) are A=A (i =1(1)8). There exists four waves corresponding to
descending order of their velocities namely a quasi P-wave(gP, ) and two quasi transverse (¢S,,¢S,) and a quasi-
thermal wave(qP, ), which are obtained from the corresponding eigen values. The expression of phase velocity,

attenuation coefficient, specific loss and penetration depth of these type of waves are given in Appendix C.
The eigenvector X corresponding to the eigenvalue A can be calculated as:

X =[8 6 & 8 A5 A5, A8, A8, (27)
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where,

51 = (szfls _f14f23)(fzzf33 _f32f23)_(fz4f23 _f24f33 )(flzf23 _f22f13 )a
52 = (fszzf '23 _f 24f .33 )(f] 1f .23 _f 21f .13)_(fz4f .13 _.f .14f 23 )(lef 33 _f '31}( '23 )?
53 = (flzle _fnfzz)(lef34 _f31f24)_(fzzf31 _f21f32)(f11f24 _f14f21)a
54 = (f] lfzs _lefls)(fzzf33 _f32f23)_(f]zf23 _fzzfn)(lefn _f31f23 )

where £, (i,j =1,2,3) are given in the Appendix A.

From Eq. (27), we can calculate the eigenvalue X, (i =1(1)8) corresponding to the eigenvalue A=A (i =1(1)8).

For our further reference, we use the following notations

[X] for i=12)7

[X] for i =2(2)8

The general solution of Eq. (25) can be written as (Appendix D):

8
v(xq) = in (Aieﬂ1X1 +e/1'X1J.Qie_ﬂ'X1dxl)
i=1

(28)

(29)

where A, are arbitrary constants. Using Eq. (29) the displacement components are obtained as follows:

8
u; =Zxﬁ (Al.el"xl —%), for j =1,2,3
i=1

T

and stress components and temperature are as follows :

8 8
T = Yy + A A%, T+ D (g + A A, x e+
i=1

i=1

8 8 8 8
—ZX 4 (Aielm - Q_l) + Zth 1i Q_l - Zhlsx 2 Q_l - thx 3i Q_l
i=l A il A 45 A5 A

7 4 7 i 7

$ ) 8 A
= Z(h”ﬂi —’_}124)‘41')6lieAiX1 +Z(hzzﬂi +h25)Al~x2ieli~‘1 +

i=1 i=1

8 A.x Q,‘ & Q,' . Q,‘ S Qi
_ﬂzzx4i (Ae™! __)_h24lei __hZSZXZi __h26zx3i -
i A o A = A = A

i i 7

8 8 8
T3 = Z(h34 +4 h31)Aix|felix +Z(h35 +ﬂ7h32)Aix2iel[x +Z(h36 +hy A )Aixyelix
i1 = =

3 Ax 8 Qi 8 Qi 8 Qi 8
_ﬂszxm'A[e ' +h34lei 7_h3szx2f 7_h36zx3i /T"'ﬂszxm'
i=1 i=1 i=1 i=1 i i=1

i i i

8
D (g +hyA)A,x e
i=1

8
Z(hZS/Ii + hZﬁ)AiXSieliXI
i=1

(30)

€2))

(32)

(33)
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8 8 8
A x A x A x

Ty :[Z:;(hM +A4h A, x e "';(}Ms + A4 h,)A,x e +;(h46 +Ah)Ax e (34)
_ 8 l[xl 8 l[xl 8 il.xl

T3 = ;(h54 +4hs)A,x e +[Z:1:(h55 + A4 hs,)A,x e +[Z:1:(h56 +Ahg)A,x e (35)
_ 8 /1’.)(1 8 l’.xl 8 Z.,.xl

T = ;(}%4 +Ahg)A;x e +/Z=l:(h65 +A4hy)A,x e +;(h66 +Ahs)A,x e (36)

8 Ax 8 Qi
=2 Ax,en -3 =r (37)

i=1 i=1 74

The simplified form of Egs. (31)-(36) can be written as:

8 8 8 8 8 8
n ZZA[RU (xl)_ZQiNl[ > Ty :zAiRZ[ (‘xl)_ZQiNZ[ > T33 :zAiRSi (x1)_ZQ,'N3[ )
i=l i=1 i=l il i=1 i=1

8 8 8 (38)
Tyn = ZA[RM (x),75 = ZAiRS[ (x),7, = zAfRef (x))
il i=1 i1

where R, =R, (x)(@ =1(1)6,j =1(D4),N ;,,j =1,2,3 and i =1,2,...,8are given in the Appendix B and O, are the
ith component of f for 4 =4,

5 BOUNDARY CONDITIONS

Due to the regularity condition of the solution at infinity,there are four terms containing exponentials of growing in
nature in the space variables x, has been discarded and the remaining arbitrary constants 4, ,(i =1,2,...,4) , are to be
determined from the following boundary conditions.

5.1 Mechanical boundary condition

The boundary of the half-space x, =0 has no traction everywhere i.e.,

7,(0,x,,x5,0) = 75, (0,x,,x5,1) = 733, (0,x,,x5,£) =0 (39)

5.2 The thermal boundary condition

0(0,x,,x5,t)=r(x,,X;,t)
with the help of Eq. (14), Egs. (38) we get,

7,(0,x,,%5,8) = 7,,(0,x,,x4,¢) = 75,(0,x,,x5,) =0 (40)
and

H(O,xz,x3,t)=r* 41)
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Using the boundary conditions (40) and (41) in Eqgs. (31) to (33) and (37), we get following simultaneous
equations

8 8 8 8
ZA[RU 0)= O;ZAI'RZ[ 0)= O;ZA[R3[ 0)=0; ZA:'RW 0)=r" (42)
i=1 i=1 i=1 i=l1

i=

Solving the above four Eqs. (42),we get arbitrary constants A4, (i =1,2,3,4) are as follows:

D, o .
A, = Zl;i =1(1)4 where D, and A are given in Appendix B.

6 NUMERICAL SOLUTION

With a view of illustrating the problem, we now consider a numerical example for which computational results are
presented. To study the effect of wave propagation, we use the following physical parameters in SI units given in
Chattopadhyay and Rogerson [9].

¢,, =16.248GPa ;c,, =11.88GPa ;c,; =12.216GPa ;c,, =1.48GPa ;c,; =2.4GPa ;
¢,y =—1.152GPa ;c,s =0 ;c,, =—-0.561GPa ;c,, =1.032GPa ;c,, =0.912GPa ;

¢,s =1.608GPa ;c,, =1.248GPa ;c,, =—0.672GPa ;c,; =0.216GPa ;

¢,s =—0.216GPa ;c, =5.64GPa ;c,; =2.16GPa ;c, =0;c,; =5.88GPa ;

Co =6.91GPa ;¢ =0 ;p=2.4 ;5 =0.0221 ;¢, =0.0143 ;£, =0.0174.0" =20

7 CONCLUSIONS

In order to study the characteristic of stresses, strains and temperature, we have drawn several graphs for different
values of the space variable (x,), time ¢, and heat source O . we conclude the following observations:

V1,V2,V3,V4
25F
F =P w
200
15F
1.0? //777> V3
L /
[ o L _
051
e
P L P L L L R S R R S |
N 2 3 4 6 o ¢
st S - o/ T Fig.1
3 - - _ _ _ V2 Distribution of V1, V2, V3, V4 for different values of @ .
O L e e - = =

In Fig. 1 we have shown the variation of different phase velocity (V1, V2, V3, and V4) with frequency (w ).
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WIL,W2,W3
6:’ ~
[ \
Hy \
\
4 \
[ N\
3r N
L _ - N - - - - W3
[ N
2r N ~
! N ~
i -~ el
1 = W1
| ~ —
| _ ——
‘ B = = w2
e e e e e R S T S S S T I S S AT S S ST S B S S _ L
1 2 3 4 5 6

Fig.2
Distribution of W1, W2, W3 for different values of @ .

In Fig. 2 we have shown the variation of different specific loss (W1, W2 and W3) with frequency (@ ). W1

steadily decreases as @ increases. There is no specific loss for W2 when 0< @ <1.3 and W,

steadily decreases

for 11.3<w<7. W3 steadily dreases and there is sudden loss at @ =1.2 .There is point of discotiniuty at w=1.2

for W2 and W2 but opposite in nature.

o

Fig.3
Distribution of W4 for different values of @ .

In Fig. 3 we have shown the variation of specific loss (W4) with frequency ( @ ), where value of specific loss
gradually increases as the value of frequency increases.

711

1~2:’ P ) /‘ Q-

101 Q=6

o

o2

Fig.4
Distribution of 7,; versus x, for different values of Q.

In Fig.4 we have shown the variation of stress component ( 7,, ) with space variable x, for the different values of

heat source. For different values of O , 7,, initially increases then becomes steady as x, increases. Numerical

value of 7,, increases as heat source Q increases.
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722

02f

0.1F
J,

Distribution of 7,, versus x, for different values of Q.

In Fig. 5 7,, is extensive for 0 <x, <1.4. The numerical values of ,, increases as Q increases. All the values

of 7,, remain unchanged after x, =5.

733
05 Q=9
o4l o A
03F o
[ Q=3
oaf A e RRIRIRICI
L
7‘/
I j
g =~ -
TR | L B e S S IO R Y L L L
1 2 3 4 5 6 7

Distribution of z,, versus x, for different values of Q.

In Fig. 6 we have shown the variation of stress component ( 7, ) with space variable x, for the different values

of heat source. For different values of O, r,; initially increase, then decreases and then remain unchanged as x,

increases.
712
0.05"
K
L
KY
,\\
\‘:N\\\\‘\\\\‘\\\\‘\\L'lr/‘rr/\\lyA’J\\\\‘LLLlJ xl
N 7 4 5 6 7
‘\\\ //
\ -
TN > o
-005F L @
[ , 'V\\A Q=3
_otol / aN
0.10f / 0

Distribution of 7,, versus x, for different values of Q.

Fig.7 represents variationf for different values of x, 7,, is extensive for 0 <x, <0.2, then compressive, finally

it becomes zero as space variable x, increases. Numerical values of 7,, tend to zero at x, = 5.6 for all values of Q.
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Distribution of 7,; versus x, for different values of O.

In Fig. 8 we have shown the variation of stress component ( 7,,) with space variable x, for the different values

of heat source. For different values of O, 7,, gradually decrease as x, increases and finally becomes zero. Effect of
rotation is prominant for 0<x, K <3.
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’ . Distribution of 7,; versus x, for different values of Q.

In Fig. 9, the numerical value of 7, is very very small than the other sherring stresses. Near the heated region, it
is positive, then becomes negative and finally tends to zero as x, increases.

04

Fig.10

Distribution of 7,, versus x, and x, for fixed time and Q.

08

0o

Fig. 10 represents the the variation of stress component r,, for different values of x, and x, when QO =4. For
fixed x,, 7,, is maximun when x, =0.3.
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Fig.11
Distribution of strain component e,, verses x, for different

values of Q.

Absolute value of the strain component e,, gradually decreases as x, increases and tend to zero as x, increases.

For fixed x,, e,, increases as Q increases.
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Fig.12
Distribution of strain component e,, verses x, for different

values of Q.

In Fig. 12 we have shown the variation of strain component with space variable x, for the different values of

heat source. Absolute values of e,, gradually increases as increase of heat source. e,, is maximum near the heated

region . For all values O, e,, finally tends to zero as x, increases.
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Fig.13
Distribution of strain component e, verses x, for different

values of Q.

In Fig. 13, we have shown the variation of strain component (e, ) with space variable x, for the different values

of heat source (Q). For different values of Q, e, initially increase, then decrease and then tend to zero as x,

increases.
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Fig.14
Distribution of stress component 7,, verses x, and ¢.

Fig. 14 shows the variation of stress component, 7,, for different values of space variable (x,) and time (7).

Value of 7,, gradually increases at # =1 as x, increases.
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Fig.15
Distribution of 7,, versus x, for different values of «.

In Fig. 15 we have shown the variation of stress component ( z,, ) with space variable x, for the different values

of time(?). For different values of O, 7,, initially increase and then remain unchanged as x, increases.
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Fig.16
Distribution of 7,, versus x, for different values of 7.

Here, we have shown the variation of stress component ( 7,, ) with space variable x, for the different values of

time(?). For different values of O, 7,, initially increases and attain heighest value for 0.4 <x, <0.6 and then tend to

Zero as x, increases.
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) - - = Distribution of 7,, versus x, for different values of 7.

Fig. 17 represents variation of strees component z,, verses x, for fixed heat source, Q =4 for different time.
Absolute value of ,, increases as time increases for fixed x, . It is positive in the region 0 <x, <0.45 and negative
in the region 0.45<x,6 <1.5.
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Absolute value of 7, increases as Q increases .For all O , 7, is extensive when 0<x, <0.7 and become

compressive within the region 0.7 <x, <2.
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APPENDIX B
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APPENDIX C

Phase velocity
The phase velocities of gP1,gS1,¢qS2 and gP2 and V, (i =1,2,3,4) are defined by

(4]

Vv, =
Re(&)

Attenuation
0. (i =1,2,3,4) are the attenuation coefficients of gP1,gS1,¢S 2 and ¢gP2 which are defined by

0, =Img (&)

© 2018 IAU, Arak Branch



3D Thermoelastic Interactions in an Anisotropic Lastic... 520

Penetration depth

The penetration depth is defined as B, = ;,(i =1,2,3,4)
Img (&)
Specific loss

Img (&)
Re(&)

where specific loss is the ratio of energy (AW') to elastic energy (W). The specific loss is the most dirrect

. . A
The specific loss is defined by W, = (VW)I- =4r| l,i —1,2,3,4.

method of defining internal friction for amaterial.

APPENDIX D

Considering a system of simultaneous differential equations in the form
)
—=Av +f
dx

where V=, Ty A=)y » f = s u T

Let us consider the coefficient matrix 4 can be written as:

A=V AV~
A 0 0
where, A=| 0 A4, 0 and V =[V,.V 5, oo V]
0 0 A4
where A,4,,.....,4, are the eigen values of the coefficient matrix 4. V,,V,,....J/, are the eigen vectors

corresponding to the eigen values 4,,4,,......, 4, respectively.

Now multiplying the Eq. (1) by ¥ ™ we get

Al N
dx

AV V) _ Ay vysr f
dx

dy - -
—=Ay +V
; Y v

where y =V vV =v =Vy
The r-th Eq. (3) is

dy
_’:l‘ 4+
e,

where O, =V 'f, V' = (@) , O, = Za)rif i

The solution of (4) is:

B

A.x A.x -A.x —
= T r 7 —
yr cre te J.Qre dx , vV Vryr

r=l1
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