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The heat t r ans fe r  in a semiinfinite rod, cooled f rom the lateral  surface according to a t ime-  
dependent law, is investigated. The law of heat t r ans fe r  is found f rom the given tempera ture  
and the t empera tu re  gradient at the end-face of the rod. 

In the problem i0 02 ] 
O t  Ox ~ -l-y(t) T = O ,  O-~<x<oo, O < t < o o ;  (1) 

T I~-o = ~ (t); (2) 

OT ~=0 q (/); (3) 
Ox 

T 1~== = 0; (4) 

T It=0 = 0, (5) 
f rom given values of the functions ~(t) and q(t) it is required to determine the variable heat t ransfer  coef-  
ficients ~/(t). This problem descr ibes ,  for example, the cooling of a thin semiinfinite rod by a liquid flux 
with changing velocity or  tempera ture .  

After the well known substitution 0 = Texp (~dt) ,  instead of (1) we have 
0 (0 

Ot Ox ~ 0 =0 .  (6) 

F r o m  here we can obtain the relationship among ~, q, and 7 (for example, using the method discussed by 
us ear l ie r  [1, 2]) in the fo rm 

t t 

0 0 

where we have used the fractional  differentiation opera tor  

t 

dl/2[(t), 1 d ~ f(_~d_~_ (S) 
dt 1/2 ] / ~  dt j j i - - - T  ' 

0 

1 

Let the functions ~ and q be given in the form of power ser ies  of t 1/2 

" 2 ~ = X a'~t'/2; q = b,~ t(~-~/2" (10) 
r~-O n=O 

Then the solution can be constructed in the form of the se r ies  
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0 n ~ 0  

Substi tut ing (10) and (11) into (7) and equat ing the coef f i c ien t s  of equal power s  of t 1/2 we s u c c e s s i v e l y  de -  
t e r m i n e  all c n. This  is poss ib le  unde r  the eondi t ion 

a o + V"~b 0 = 0. (12) 

Condition (12) is ea sy  to explain phys ica l ly .  At the initial instant  of  t ime  the law of cool ing 7(t) m u s t  not 
depend on the r e l a t ionsh ips  between & and q. Here  e 0 is an a r b i t r a r y  quant i ty  and the r ema in ing  cons tan t s  
a r e  e x p r e s s e d  in t e r m s  of c o in the fol lowing way: 

alF (3/2) + b 1 
C 1 ~ C O ~ C~lCo, 

aor (3/2) + b o 

[aiF -1 (3/2) ~- b~] c~ -t- [a.,F -1 (3/2) + b~] c o (13) 
-- ~ (~gCo ~ 

c2 = aor -1 (3/2) + b o 
. . . .  , . . . , ~ , , . . . . . . .  ~ �9 . . . �9 

" n-F1 a~+ ] 

Ci~ " ~ -- = O~;~CO. 

�9 , ~ �9 ~ . . . . . . .  �9 . ~ . . ~ . . . . . . . . . .  

It  is  evident  that  a r b i t r a r y  cons tan t  c 0 o c c u r s  in all c n only in the f o r m  of a fac to r ,  so that  c n = ~nC0 . T h e r e -  
fo re ,  in taking the loga r i thm and in d i f ferent ia t ion  of  (11) c o d rops  out and the f inal  solut ion has  the f o r m  

n = l  n = l  

Example .  Let  $ = a0, q = --a0(wt) -1/2 + b 1. F r o m  (13) we get  

%~ -- --(bl/ao) [F ( ~ ) I":' ( ~ ) ----~-~ ] -'a"-v (15) 

Since l im  I~n_ l /~n l  ~ O(vrn), the s e r i e s  in (14) (for (15)) c o n v e r g e s  absolu te ly  fo r  all  va lues  o f  t. 

N O T A T I O N  

a ,  a, b, c a r e  the  coe f f i c i en t s  in the power  s e r i e s ;  
T is the t e m p e r a t u r e ;  

is the t e m p e r a t u r e  at the e n d - f a c e  of the rod;  
q is the t e m p e r a t u r e  g rad ien t  at  the end- face  of the rod;  
x i s  the coord ina te ;  
t i s  the t ime;  
7 is the h e a t - t r a n s f e r  coeff ic ient ;  
0 is the a u x i l i a r y  var iab le ;  
f is the a r b i t r a r y  function; 
# is the index of the power  function; 
n, k a r e  the summat ion  indices .  
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