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s Ui 5 oﬁ

0; = Ciuew — Bj (T - To+ 1173 . (2)

[{61J<i+ %[K, + K; a%]}ﬂj} L

QCEl 8185+ (Sist+ &) T + To[ 6, + 5232% Bjez, (3)
. Ciu(ij, k1= 1,23) ceu(k, 1= 1,23) CBi(ij=1,23)
, T , To , b 12 , Kjj 7K;’
, P , CE ,0is Kronecker
(2) (3) :
(i) t1=0,2= 0,5= 1, %= 0, (CTE) ;
(ii) t1= 0, t= 0,s= 1,2= 1, (CCTE) :
( i) s= 1, 2= 1, - (TRDTE(G-L ))
(iv) s =2, (TEWED( G-N ))
[4]
1 2> 0, GL .
) PCm B K; Kj : Or(r)
Ciuf (r) Bf (r) Kif (r)  Kj f(r) : P, Ciu, - J(r)
r : (h~(3)  ( <7
f(r)@ui= [Cinen— Bi(T— To+ 111)].if(r)+
[Cien— Bi(T- To+ t1)]f(r).}, (4)
O = [Cjuen— Bi(T— To+ tyP)]f(r), (5)
[f(r) §1Kj+ 6| Kj + Ki aaT T,]] =
R’J’Ef(r){&,\.ﬁ+ (8124 &,Y)T}+ To| &6 + &.gaﬁt]&,e?,f(r)- (6)
2
, a
(r, 0,9, ,
u T
u= (u(r,t),0,0), T= T(r.,t), (7)
erEerrzaa_lrL, el = et = ed = ri’ (8)
s 077 Oﬁe Opp
Or(r,t)= O(r,t), O0(r,t)= O(r,t)= Om(r,t). (9)

r, fr)=f(r).
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Green-Lindsay , ,
Wang [34
G = [Cue+ 2Cnes— B(T- To+ i ]f (1),
= Op= [Cpe+ (Cn+ Cn)ey— Be(T— To+ t:112)]f (r),
Bi= B, Ky= K& (i ),
, (4)
8%[011er+ 2C12€0— BT(T— To+ l1mf(r)]+
%[Cner+ 201269— Br(T— T0+ tlﬁ—
2
Crer— (Cn+ C33)eo+ B(T - To+ t1B)]f(r) = g(r)gT%
s (6) (GL s= 1,¢8=1)
1 0 or
r_za_r[Krf(r)rza_r =
or o°’T o o 0 2
[ch[a—t+ na7]+ Toa—t[B,#Jr Ber—u}]f(r).
(12) (13):
(1)
or(r,t)zo, r= a N
(i)
T(r,t) = To 1+F(t)} r=a
, F(t) t
u= 0= T, t= O,r>a,
du _ o_ 0T _
ot~ 0= ot’ t=0,
u= 0= T, r oo
rto= m,a*: Vﬂa,u*: Vi,
0; = Cgﬁ, ¢ = Vzr]t, 11 = Vzrh,
% T_ TO
t2 = Vi Ti1= To
o o e
V= Jp = k-
) f(r)=f (r), (10)~ (13)
“* 77)

%

|
&

[T1+ £ at}]f(r)

ou 2Ci y BTo

or Cu r Cn

Codu, Cot Cnu_ ATy
1 Or Cu r Cu

T+ t a]i|f( )s

(

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)
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gl

or T ) 2
oCEf(r){a '+ az]+ Ty (r) 5, [ B+ B
3 ( )
f(r)=r"n (18) ~ (21)
o - [a_u 200 u 10 . aT1 p
"T Lor’ Cu r cul MU at ’
| Cr2ou Cn+ Cn oy T T, o
- L Cu rt Cu r C 1+ s ot
52_u+ n+ 20u 2[sz+ C23— (n+ 1)C12 i_
or? r o Or
ToB aT - oT |
82T1 n+ 2% 8T1+ , 8T1+ r 0|0 Ou 2Nu
or? r Or 0Ot 2 012 not| or r
,N= B/B
4 Laplace -
g(r,t) Laplace
g(r.p) = _L g(r.t)edt,
Re(p) > 0.
(22)~ (25) Laplace ,
d 2012 BT()
= [dZ: G ri_ C —(1+ tlp)Tl}r,
B
= [g_ifl_f-l— CZZZ,HCB%— y TO(1+ l1p)T1i| r",
Py n+ 2du 2[sz+ Cs- (n+ 1)012} u
dr2+ roodr Cu P2
ToB(1+ tlg)[g_ 2AN- (n+ 2)/2)]T _ o2
Cn dr r 1= p
&1 dr B,
e = Qd—rlz p(1+ tp)T1+ Kn[fl” 2N J
N= (n+2)/2 (29)
012_u+ n+ 2du ;[C22+ Cxn— (n+ 1)C1z} B
dr? roodr 7 Cu v

o
]]f(r) fir) S5,

u

Yo

(20)

(21)

(2)

(2)

(24)

(%)

(2)

(27)

(2)

(2)

(30)



1152

M- K M-

2 T()Br(1+ tlB) (&

p u + C]] dr .
(30) r s
LT e 2 dfdT| ;[Cm Cx= (n+ 1) Cpl dT'y _
dr?| dr rdr| dr r? Cu
[933 2) €2+ Cxn— (n+ 1)Cu- (n+2)C1/
kNt o2 Cn
2
pToBr(1+ tip)
[ Kncn  te(irp)-
2] C2+ Cxn— (n+ 1)C— (n+ 2)011/2]
2 Cii
(31) (32 -
LV= AV,
=d_2 nt+ 2d 2m+ n+ 2
L _dr2+ r dr r ’
u
V=1dr| -
dr

AE[bZ odj-f}’

_Cn+ Cn-3(n+2)Cu/2+ (n+ I)Clz}
"= Cu ’
_ Tob, _of _ pB
¢ =T (1+ tp), d =0~ K
_ Cn+ Cn3- (Cu+ Cn2)
f=p(l+ap), n=2 Ciu+ 2Cn
(14) (15,
F(t) = 0ofH(t) - H(t- to)], r= a
(33), , H(t) Heaviside , to
Laplace ,
%(a,p)=0
Ti(a,p) = %(1— e ).
P
(33), (33)
V= X(MNw(r, N,
,w(r, A)
dz_w+ n+ 2dw 2m+ n+ Zw— je
dr? rodr r? B

’ X(}\) r ,

(31)

(%)

(33)

(34)

(35)

(36)

(37)

(3)

(3)

(40)

(41)
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AX(N = XX(MN. (42)
(33)
Vir,p) = —(n+1)/2 Z‘ALX( M[ 2Kl Ar)} (43)
2
R = 2m+ n+ 2+ [%1} ) (44)
Ki( &) h Bessel L Ai(i= 1,2 : A
N—(b+ cd+ f)N+ fb= 0, (45)
X(i= 12 X(M(i= 1,2)
- [ e .
( ')_ XZ()\;) - b— }\’27 L= 5~ ( )
14
w(r,p) =- r(n,+l)/2‘ZP4i|:L2lKh()v)i| ) (47)
dT_l(drr_aBZ: r_("”)/z.Z{b )\1)14[ th()yr)} (48)
A Az
o(rp)= | G| QRi+ [ )\2} OR:, (4)
A Ay
B(r.p) = N CR 1+ —2] QR 1, (50)
Ai|l SR | cAs| SR,
Ii(rop) = 70| = * | 2| < (51)
QR: = M%l- zg—lz} K,,()w)] rlm 372 [)vd(()iyr) Kh()\ir)}] r(m ¥y
[(b— X)r (n+3)/2J.r - (/2 (M)du] (w3)/2 i= 1.2 (52)
nt 1Cn Cn+ C -
e
[ g— K m}] (3724
[ X)r (n+3)/2J‘r (/e ()w)du] (302 i L2 (53)
=- (b- )\%)J.ru_("”)/th()\iu)du, i= 1,2 (54)
—pto
c%:_ ceo(l—le) )OAz’ (%)
¢ _ —pLO
0%22: fo( 1 ; )QAI’ (56)

D= p(QA1SA2— SA1QA), (57)
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(8)

, n= 0, [1s

, (47) (49) ~ (51) . Bellman
[35] , 7 ti(i=1,-.,7), 7 Legendre
, 6, @ Tq( ) -
\ n 0.0 0.05 1.0.
to= 0.15, T0= 296K, 6()= 1.0;
(n= 0.0 ™
Cu= 027865 % 10" Nem™, Cpp= 0.11942 x 10" Neni 2,
Cn= 0.27865 % 10¥ Nem %, Cxn= 0.11942 x 10" Neny 2,
P= 0.78x 10" kg*m °, Cr = 117 Jokg "*K ',
B=5589x I°Nem K ', K, = 59.0Wem '*K ™',
t1= 0.75% 10 "s, t2= 0.5x 10 "s;
(n= 0.05
Ciu= 0.617x10"Nem % Cp= 0.217x 10" Nem™ ?,
Cn= 0.5974x 10" Nem % Cpn= 0.2624 x 10" Nem™?,
P= 0.174x 10" kg*m™ >, Cp= 1 040 Jokg 'K ',
B = 2.68x 10°Nem K ', K, = 170.0 Wem 'K ',
t1= 0.75x 10 s, 1= 0.5%x 10 g
(n= 10) ™
Ci= 0.627 x 10"Nem % Cpp= 0.508x 10" Nem™ %,
Cn= 1.628 x 10" Nem %, Cx= 0.362x 10" Nem™ 7,
P= 0.714x 10" kg*m >, Cr= 390 Jokg '*K ',
B = 575x10°Nem 2K, K, = 124.0 Wem 'K !,
t1= 0.75x 10 "s, 12= 0.5%x 10 "s.
1 t= 0.14 n(=0.0,00510 u
, 3 , U , ro,u
s ,u n . 2 ,n=000.0,1.0 ,
, U t . , U ,
. 3 , n=00,1.0 ¢=014367 ,u r . , n
,u ot ; ot ,uU n . 4 ,n=0.0,1.0 r= 15230
,u t . , r=30 ,u s r= 1.5 |, .
5, n= 0000510 t= 014 |, o, r

2 r:1 7q: 2 2 r or n

, U

0.0,0.051.0 r= 15 ,0 ¢ . , n, i 9
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1.0

——n=0.0 (/LW)
..... n=0.05 (&)
n=1.0 (47)

u

1 n o, u
r (t=014)
20
—o— n=0.0, 1=0.14
--o0-- n=0.0, =3.67
----- n=1.0, =0.14
n=1.0, =3.67
u
5L ! ! ! L
1.01 1.51 2.01 2.51 3.01
Is
3 u r
(n= 00,1.0;¢t= 0.14,3.67)
0.10
—o—n=0.0 ()
0084 . - n=0.05 (%)
n=1.0 (%)
0.06
o,
0.04
0.02 4
0
1.0 1.5 2.0 2.5 3.0
F
5 n g,
r (t=014)
, G
g 7 , n= 0010
B n ’ of l 7' 4

n= 0010 r=

2| ——n=0.0(F)

------ n=0.05 (£

,4 | | | | |

0.03 0.14 035 069 121
11

n=1.0 (£r)

L
205 3.67

2 n o, u
1.5

— n=1.0, r=15
----- n=1.0, ¥=3.0

6 —o—n=0.0, r=1.5
-o--1n=0.0, r=3.0

L L L L L L
0.03 0.14 035 0.?9 121 205 3.67

4 u t
(n=00,1.0;r= 15,3.0)

—o—n=0.0 ()
-2 /e n=0.05 (£5)

n=1.0 (§%)

21 205 3.67

| | L L
0.03 0.14 035 069 |
t

t=0143.67 ,0 r
R

1.5,3.0 ,0 ¢
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0.5
1.2 - —o— n=0.0, =0.14

-0.5

-1.0

o 15 —o— n=0.0, ¥=15
-2.0 --0---1n=0.0, ¥=3.0
n=1.0, r=1.5
=250 /L. -n=1.0, r=3.0
,3‘0 Il L L L L L L
003 0.14 035 069 121 205 3.67
t
7 o, r 8 o, t
(n=00,1.0;:= 0.14,3.67) (n=0010;r= 15,3.0)
t , o, n, 0 0,=20 , T
0.2 1
-0.2 )
o ; —o—1=0.0 () 7 -1
04l L n=0.05 (&%) —e— =000
n=1.0 (%) DY A n=0.05 (k)
-0.6 n=1.0 (ILY)
,08 L i i i i 73 L L L L L I L
1.0 1.5 2.0 2.5 3.0 0.03 0.14 035 0.69 121 205 3.67
¥ t
9 n o, o 10 n o, Oy
r (t= 014 t (r=15)
9 ( ) @ r , 5 . R ,
D n s r , % 10 s r= 1.5 n= 00,
0.051.0 ,9 t , L , D >
, n, ® s t
10 , Ll ol n . 11 s n= 0.0,
.0 t=0143.67 ,% r s i ) n 00 1.0 , Oy
r , n= 10 1= 367 , . ,
, @ r 12 s n=0010 r=1530 ,% 1t
, ot , Gy nor , 9 )
Oy = 0 A
13 , 3 t=0.69 = 205, n= 0.0 n=
.0 , . , Tt s T
s , T . 14 s n= 0010 r= 15230 ,
T] t . , n r , 13 , T] .1 , T] T]
=0 , t T : r , n=00
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gy -1 —— n=0.0, r=1.5
-o-- - 1n=00, r=3.0
: 5 =10, r=15
04| —o— n=00, 1=0.14 ----n=10, =014 | [/ - n=1.0, r=3.0
o= n=0.0, =3.67 n=1.0, 1=3.67
-0.8 L - . . s 3L ‘ ‘ ‘ ‘ ‘ ‘
1.0 15 2.0 25 3.0 0.03 0.14 035 069 121 205 3.67
¥ 12
11 o r 12 Op t
(n=0010;1= 0.143.67) (n=0.01.0r= 1530
0.8 058
—o— 7=0.0, =0.69 —o— #=0.0, r=15
o -0 - 7=0.0, 1=2.05 0.6 o-- n=0.0, r=3.0
0ol Fe. n=1.0, 1=0.69 n=10, r=15
Yoo, e n=10, 1=2.05 04 \ - n=1.0, r=3.0
T04| T, T
) 0.2
0 R T
-02 L : ‘ ‘
003 014 035 069 121 205 3.67
t
13 T1 r 14 T1 4
(n=0010;t= 0.692.05) (n=0.01.0r= 15230

(Green  Lindsay ),

Laplace , -
, . Bellman
1) n . )
, n
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G (R, M)  Laplace
G(R.p) = L ¢ "G (R M) dn
G(R, 1) ,
(A1) , x=¢€",

1
G(Rp) = [ g (R s,

gi(R.,x) = G(R, - Inx).
(A.2) Gauss ,

Wt g (Rox) = o(R.p).
xi(i= 1,2, .., n) Legendre L Wi(i= 1,2, -, n)
p= L2 un . (A4
Wigi(R,x1)+ Wagi(R, x2) + -+ Wygi(R,x,)= (R, 1),
Wix1g (R, x1) + Waagi (R, x2) + -+ Wyx,gj(R,x.) = 9;(R,2),

Wit g (R x1) + Wk 'g(R, x2) + -+ Wax'gi(R, x.) = G(R, n),

g (R, x1) Wi Wa o Wa | 7' o(R1)
g (R, x2) Wix1 Woxo W, G(R,2)
g(R. x,) Wit b Wkt W | 9(R, )
gi(R.x1), g(R x2), -, g(R, xn).
n=17 |,
Legendre
2.544 604 382 862 088 6E— 2 6. 474 248 308 443 481 6FE—
1.292 344 072 003 028 2E— 1 1.398 526 957 446 382 8E—
2.970 774 243 113 014 5E- 1 1.909 150 252 525 593 8E-
5..000 000 000 000 000 O — 1 2.089 795 918 367 346 6FE—
7.029 225 756 886 985 3E— 1 1.909 150 252 525 593 8E-
8.707 655 927 996 970 6E— 1 1.398 526 957 446 382 8E-~
9.745 539 561 713 790 9E— 1 6. 474 248 308 443 481 6F—
(A.5), g(R. xi) . O(R.) (i= 1,2 .. 7).

O(R,M)(i= r,0).

[ ]

—_— =

(A. 1)

(A.5)
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Generalized Thermoelastic Functionally Graded Spherically

Isotropic Solid Containing a Spherical Cavity
Under Thermal Shock

M. K. Ghosh', M. Kanoria’
(1. Department of Mathematics , Seram pore College,
Serampore, Hooghly — 712 201, India;
2. Department of Applied Mathem atics, University of Calcutta,
92 A. P. C. Road, Kokata- 700 009, India)

Abstract: The determination of thermoelastic displacement, stresses and temperature in a functional-
ly graded spherically isotropic infinite elastic medium having a spherical cavity in the context of the
linear theory of generalized thermoelasticity with two relaxation time parameters (Green and Lind-
say theory) are concemed with. The surface of the cavity is stress free and is subjected to a time
dependent thermal shodk. The basic equations were written in the form of a vector matrix differentia
equation in the Laplace transform domain which was then solved by eigenvalue approach. The numeri-
cal inversion of the transforms was carried out using Bellman method. The displacement, stresses and
temperature were computed and presented graphically. It is found that the variation of therme physi-
cal properties of a material strongly influences the response to loading. A comparative study with the
corresponding homogeneous material has also been made.
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