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In this paper the time reversal heat conduction probIems for the spherical shells with heat qeneration and radiation 
with known botlndary eonditiom have been solved'ljy operational methods. 

*% 

In 'Time Reversal Problems' wz determine initial temperature diskribution when the temperature 
distribution at any instant 9' (T>O) is known to us. SabherwaP has considered the time reversal problems 
in heat conduction for (i) semi-infinite medium, (ii) rectangular plate: Under the head of time reversal brob- 
lems Mehtaa has studied (i) heat flow in a cylindrical shell of infinite height with heat generation and radia- 
tion, (ii) heat flow in a truncated wedgz of finite height, (iii) heat flow in a semkinfinite solid containing 
an exterior plane crack with a circular boundary and an infinitely long c,ylindrical cavity. 

In this pap-er we have considered the flow of heat in s spherical shell and in a sdid sphera with heat 
generation and radiation. The tempxature distribution at a given tim? 2' is known an1 the initial tsmp3ra- 
ture distribution is determined. - 

B L O W  O F  H E A T  I N  A S P E C E R T C A L  S I I E L L  W I T H  H E A T  G E N E R A T I O N  . 
A N D  R A D I A T I O N  

' We consider here the flow of heat in a sphsrical a h d l  a ,(, r : b. L2t the radiation take place a t  the sup. 
faces r=a and r-b, and temperature distribution v,,( r ) at time t=T. The heat s~urcz is within the shell. 
We assume that the temperature distribution dep:nds upan the raaial coordinate r and time t only. In this 
case the equation of conduction of heat is given3 by 

where v,= v ( r, t ) is the temperature distribution at any instant t, k is the diffusivity constant and heat is 
supplied at the rate of Q (r, t ) per unit time per unit volume. 

The appropiate physical conditions are given as * 

where k1 is radiation constant whose value can be positive or zero. 

v ( r , t j  = w ( r ) ,  (unknown) a < r < b  l l=O 
(4) 

v ( r , t ) J f a P = v o ( r ) ,  ( I ~ o w ~ )  a k r 4 6  (5) 

Using the substitution I 

- 4  
v \ r , t ) = r  ~ ( r ,  t ) ,  (6) 
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where 
- - b 312 %(&)=l  r  w ( r ) C  ( r , & ) d r  

I 8 (24) 

From (12) m d  (231, the value p f  3, ( & ) fo'r b = T is obbined a 
- -- I 

- 
k6'T -g 1; [ 4 @ 1 ( 4 i r = o , ( S i )  e 

7r p b  f b ( ~ ) l -  -- 

8 r - k tea Y 
@ f . ( y ) + s @ 4 h r ~ ) ] *  d ~ s  ' (26) 

* / 
where 

- 

\ 

- 

i( f i )  = ~ ~ : ' q ( ~ ~ ~ , ( ~ , . t i )  an + (26) 
F I 
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Using (4) and (16) we get the initial temperature distribution w ( r )  as , - 

Q* ( TY ti 1 
U ~ T )  = 9" [ 1 i ~ ; ( h b ) +  

5 . 
\ +h2 J + (  6 b ) . I 2  [ i l ( - b ) e  

\ 

a T - k tia Y ' 

- a f ~ ( 9 ) d - ~ ~ ~ ( h ~ ~ )  J e d Y ]  
t 

1 j57here Ct ( r , & ) and Ft ( & ) are given by (14) and (17) respectively with n = r. 

Th. summ wr all the positive roots of the equation (15) rn = 1 . 
2 

F L O W  OR H E A T  I N  A  S O L I D  S P H E R E  W I T H  H E A T  G E N E R A T I O N  
A N D  R A D I A T I O N  

The solid sphere is obtained by letting the inner radius of the spherical shell, considered in the previous ' 

section approach zero. The temperature distribution u ( T ,  t )  satisfies (7 )  and the physical condition's in 
this case are given by ( l o ) ,  (11) and (12). 

In this case we use the transform given by Sneddon5 as 

b 1 
j ( & ) = /  ~f ( T ) J m ( r [ i )  d r , O < r  ~ b ,  m >  - - 

0 2 (28) , 

1 
where f ( T ) is a continuous fu/notion and satisfies 13irichletys conditions in 0 4 r /, b and ti is 8 root of the 
trmscendental equation a - 

ti Jtm ( ti .i ) + h2 Jm ( ti b ) = O (29) 

Inversion theorem of (28) is I 

(30) 

and the summation is taken over the positive roots of the eqiiation (29) - 

The Operational property of (28) is 

/ I r [ - +  dra ! d f - m 4 f ]  r dr r2 ~ m ( ~ b ) d r = b ~ m ( ~ b ) [ f ' ( b ) + h z f ( b ) ] - b ~ f ( t * )  (31) 
- -  

Substituting 

1 
' h 2 = k 1 - -  

1 
2 b  ' 9 9 2 = -  

2 (32) - 

sy 

and applying (28) to (7) for the vsriable r and using (10) and (31), we 
c 

di i  312 
t -  + k & = ~ ( & , t T = k b  J 4 ( & b ) f b ( t ) + & ( I i , t )  

at 
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- where 

b 312 
~ ( h . t ) = /  r  ~ ( r , t )  J t ( r , h ' ) d r  

0 .  (34) 
Solving" (33) for .ci ( ti , t ) and using (11) , we get 

- k 5ia t + [kb3I2 J& ( 6 b ) f b ( Y )  f 8 1 ( & , y ) ] e  
- -k5 iS( t - -? / )  

c ( t i ! t ) = G l ( t i ) e  
0 

ay (35) 
where 

- 
WI( ti ) = / :ra12 ~ ( r )  Jt ( r ,  8 (36) 

From (36) and (12), the value-of wl ( 54 ) for t = T is obtained as 
k fie T 

.% - 
w ~ ( t i ) = i l ( t i ) r ?  - [ k t 1 :  J* ( B ~ ) & ( Y )  + y1(8,y) ]  e k t i a  Y ay (37) 

' where - 
; , ( . t i )=  j: , B i 2 v 0 ( r )  J & ( Y , & )  d y  

4 

1 (38) 

' * 
Using (4) and (30), we get the initial temperature distribution w ( r  ) q 

a 2 w ( r ) = r  - ti2 J i  ( r  ti ) 
\ 

ba2ti 2 + ( t i2-&)] [ J i ( b t i  )r 
k5iW T .3/2 k tis ?4 

G ( 6 ) e  -lo ( k b  J4 ( b b ) j i ( y ) + ~ ~ ( b ,  y ) I e  dy ] (3s) 
J 

1  where the summation is taken over all the positive roots of the equation (29) having n - - 
2 

P A R T I C U L A R  C A S E S  

Here we mention some particular cases o f  special interest. 

, Case-I 
Let the hest be genesttd a t  a constant rate A. per unit ti& per unit volume, the temperature distri- 

bution at time t=T is taken unity and the radiation a t  the~urface r=b takes place into a medium of zero 
temperature. r 

Therefore, we have I 

v o ( r ) = l , f b ( t ) = o  
and 

- Q ( r ,  t ) = ( k / K ) A ,  
where K is the thermal conductivity of %e haterial' of the sphere. 

Hence the initial temperature distribution in this case is obtained from the general result (39) as 

a 
2r w ( r ) =  - b J t ( r t 4 ; ' )  
" ' b  [ h 2 + C - & ]  [ { ( b b ) ] . ~  

t X J  312 ( & b ) e L 5 i a T [ 1 - & ( 1 - e  

Caw-TI 
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