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Numerica l  integration is used to determine the tempera ture  fields in a surface being cooled. 
The working graphs a re  given. 

Existing methods of designing extended finned surfaces  make no provision for the conduction of heat 
f rom the fins in the direct ion in which the cooling fluid is moving, nor is any provision made for the heating 
of the fluid along the length of the fins, nor for the change in the hea t - t r ans fe r  conditions result ing from 
the nonuniform heating of the fluid over  the height of the fins. These factors  cannot be neglected when the 
heat flows are  large and when the cooling fluid is moving in a laminar  regime.  

These factors  have been investigated by numerous r e s e a r c h e r s  in recent  t imes in connection with the 
design of hea t -exchangers ,where  the tempera ture  distribution is specified over  the length of the extended 
surface [1-4]. 

In [5, 6] we find a solution for the problem of determining the tempera ture  field in a fin and inaf luid  
for the case of a constant heat flow over  the length of the extended surface.  

In pract ical  problems we frequently encounter  cases  in which the heat flow to the cooling surface of 
the installation is not constant over the length of the entire surface.  

Below we solve the problem of cooling surfaces  when the heat flow is distributed parabolical ly over 
the surface length, since this most  closely cor responds  to the true distribution of the heat flow in devices 
that are  being cooled. 

The problem is descr ibed by a sys tem of differential equations: Eq. (1) for the t r ans fe r  of heat in the 
fin or  in a porous s t r ip  that is being cooled and Eq. (5) for the heat balance of the cooling fluid, with the 
corresponding boundary conditions (2)-(4) and (6), which are  presented below in dimensionless form (addi- 
tional information, in g rea te r  detail, as to the formulation of the problem can be found in [5]): 
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The func t ions  0ma x = f ( e ,  fl, B0) (sol id  l i nes )  and ~ / B  0 = f( ~, /3, B0) (dashed l i ne s )  fo r  fi = 0.8 
(a); 3.2 (b); 12.8 (e); and 51.2 (d): 1) B 0 = 2; 2) 4; 3) 6; 4) 10. 

H e r e  

a) fo r  a f inned s u r f a c e  
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b) f o r  a p o r o u s  c o o l e d  s t r i p  
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The s y s t e m  of equa t i ons  (1)-(6) was  s o l v e d  by m e a n s  of f in i te  i n t e g r a l  t r a n s f o r m a t i o n s .  We d e r i v e d  
e x p r e s s i o n s  in the  f o r m  of in f in i t e  s e r i e s ,  which  e n a b l e d  us to d e t e r m i n e  the t e m p e r a t u r e s  fo r  the f luid 
and fo r  the  f ins ,  o r  tha t  of the p o r o u s  m a t e r i a l .  

To find the w o r k i n g  f o r m u l a s  which  can  be a p p l i e d  to p r a c t i c a l  p r o b l e m s ,  the a u t h o r s  e m p l o y e d  the 
m e t h o d  of f r a c t i o n a l  i n t e r v a l s  fo r  the  n u m e r i c a l  i n t e g r a t i o n  of the s y s t e m  of equa t i ons  (1)-(6) .  
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We adop ted  the D o u g l a s - R a c h f o r d  s t a b i l i z i n g  c o r r e c t i o n - f a c t o r  r e g i m e  [7] as  the  i t e r a t i o n  s c h e m e  
fo r  the so lu t i on  of p r o b l e m s  (1)- (6), wi th  the f lu id  t e m p e r a t u r e  r e g a r d e d  as  c o n s t a n t  in th i s  c a s e  fo r  e ach  
i n t e g r a t i o n  i n t e r v a l .  The  s y s t e m  of equa t ions  (1)- (6), in f r a c t i o n a l  i n t e r v a l s ,  can  be p r e s e n t e d  in the fo l -  
lowing  f o r m :  
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Hav ing  e l i m i n a t e d  O n + 1/2 f r o m  (7) and (9), we find 
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The  a p p r o x i m a t i o n  of d i f f e r e n t i a l  e q u a t i o n s  (1) and (5) fo l lows f r o m  (12) and (14). 

H a r m o n i c  a n a l y s i s  of the s t a b i l i t y  of the  d i f f e r e n c e  s c h e m e  y i e l d s  an e x p r e s s i o n  fo r  the coe f f i c i en t  of 

the e r r o r  i n c r e a s e ,  i . e . ,  

w h e r e  
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It fo l lows  f r o m  (15) tha t  p < 1 fo r  a l l  k. 

Th i s  e x a m i n a t i o n  of the  s t a b i l i t y  of the  d i f f e r e n c e  s c h e m e  a l s o  shows  tha t  the e r r o r  does  not i n c r e a s e  
wi th  e a c h  s u b s e q u e n t  i n t e r v a l ,  even  when the d i f f e r e n t i a l  o p e r a t o r  d q~/d~ i s  a p p r o x i m a t e d  by  the l e f t - h a n d  

o r  c e n t r a l  d i f f e r e n c e  r a t i o .  

Thus  the adop ted  d i f f e r e n c e  s c h e m e  fo r  the  i n t e g r a t i o n  of p r o b l e m  (1)-(6) e x h i b i t s  a b s o l u t e  a p p r o x i -  

m a t i o n  and s t a b i l i t y .  

Scheme  (7)-(13) is  r e a l i z e d  by m e a n s  of a s c a l a r  r u n - t h r o u g h  fo r  e ach  f r a c t i o n a l  i n t e r v a l .  

In p r a c t i c a l  c a l c u l a t i o n s  fo r  h e a t  t r a n s f e r ,  we have  to f ind the  m a g n i t u d e  of the  t e m p e r a t u r e  fo r  the  
m o s t  h e a t e d  po in t  on the s u r f a c e  of the body be ing  c oo l e d ,  and i t s  l o c a t i o n  a l o n g  the length  of the s u r f a c e .  

Us ing  the d i f f e r e n c e  s c h e m e  (7)-(13),  we d e t e r m i n e d  the t e m p e r a t u r e s  0ma x on a d i g i t a l  c o m p u t e r  for  
the  h o t t e s t  spo t  on the  b a s e  of the fin o r  fo r  the p o r o u s  s t r i p  b e i n g  coo led ,  and  we d id  th i s  fo r  v a r i o u s  va lue s  
of ~, /3, and B 0. The e r r o r  in the c a l c u l a t i o n  with  th i s  s c h e m e  is  no m o r e  than  2 . 5 - 3 % .  

The v a l u e s  of 0me x a r e  shown in F i g .  l a - d ,  and h e r e  we a l s o  f ind the  c u r v e s  fo r  ~/]30 = f(~, /3, 
B0) , e n a b l i n g  us to d e t e r m i n e  the l o c a t i o n  of the  h o t t e s t  po in t  on the  b a s e  of the  fin o r  on the p o r o u s  s t r i p ,  
r e l a t i v e  to  the  e n t r y  of the  coo l i ng  f lu id  into the  c h a n n e l s .  
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The a v e r a g e  f luid t e m p e r a t u r e  at  the  ou t l e t  f r o m  the c h a n n e l s  of the  e x t e n d e d  s u r f a c e  a r e a  of the 
p o r o u s  s t r i p  b e i n g  coo l ed  can  be d e t e r m i n e d  [5] by  m e a n s  of the f o r m u I a  

Bo 
q)av= V "  (16) 

It fo l lows  f r o m  an a n a l y s i s  of the c u r v e s  fo r  ~ / B  0 = f(a, fi, B 0) tha t  the  h o t t e s t  po in t  on the  s u r f a c e  
sh i f t s  f r o m  the m i d s e c t i o n  (where we have  the  m a x i m u m  hea t  flow) t o w a r d  the ou t l e t  of the c oo l i ng  f luid 
f r o m  the channe l .  

The r e s u l t i n g  g r a p h i c a l  r e l a t i o n s h i p s  0ma x = f ( a ,  /3, B 0) p e r m i t  us to i n t r o d u c e  s i g n i f i c a n t  c o r r e c t i o n  
f a c t o r s  into the  so lu t ion  for  the  p r o b l e m  r e l a t i n g  to the c oo l i ng  of e x t e n d e d  and porous  s u r f a c e s  when the 
hea t  flow is  d i s t r i b u t e d  p a r a b o l i c a l l y ,  a s  o p p o s e d  to the  c a l c u l a t i o n  which  would be u n d e r t a k e n  on the b a s i s  
of r e s u l t s  f r o m  a s tudy  of the hea t  conduc t ion  of a f inned s u r f a c e  in the c a s e  of a c o n s t a n t  b e a t  flow [5]. 

F o r  e x a m p l e ,  c o m p a r i n g  0ma x and 0 [5] for  c e r t a i n  v a l u e s  of ~, /3, and B 0, we see  tha t  the e r r o r  
in the  d e t e r m i n a t i o n  of 0ma x -  on the b a s i s  of the c a l c u l a t i o n  m a t e r i a l  g iven  in [ 5 ] -  m a y  r e a c h  30~c. 
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N O T A T I O N  

a r e  the  t e m p e r a t u r e s  of the  f in (of the  p o r o u s  m a t e r i a l )  and of the  f luid,  r e s p e c t i v e l y ;  
i s  the  a v e r a g e  i n t e n s i t y  of the hea t  flow o v e r  the  length  of the  s u r f a c e ;  
a r e  the  he igh t  and  the l eng th  of the  fin o r  of the  p o r o u s  s t r i p  be ing  coo led ;  
is  the  t h i c k n e s s  of the fin; 
is  the  h e a t - t r a n s f e r  c o e f f i c i e n t  fo r  the  s u r f a c e  of the  fin o r  of the p o r e s  c on t a in ing  the 
m e d i u m ;  
i s  the  'width of the channe l  be tween  the f ins ;  
a r e ,  r e s p e c t i v e l y ,  the hea t  c a p a c i t y  and the s p e c i f i c  we igh t  of the f luid;  
i s  the a v e r a g e  f lu id  v e l o c i t y  o v e r  the width  of the channe l ;  
a r e  the c o o r d i n a t e  a x e s  (x is  d i r e c t e d  a long  the fin o r  a long  the p o r o u s  s t r i p  in the d i r e c -  
t ion of f luid mot ion ,  and y is  d i r e c t e d  a long  the he igh t  of the fin o r  the p o r o u s  m a t e r i a l ) ;  
a r e  the  d i m e n s i o n l e s s  t e m p e r a t u r e s  of the  m a t e r i a l  and the f lu id ,  r e s p e c t i v e l y ;  
a r e  d i m e n s i o n l e s s  c o o r d i n a t e s ;  
is  the  c o e f f i c i e n t  of t h e r m a l  c o n d u c t i v i t y  fo r  the m a t e r i a l  of the fin; 
a r e  the  e q u i v a l e n t  c o e f f i c i e n t s  of t h e r m a l  c o n d u c t i v i t y  fo r  the  p o r o u s  m a t e r i a l ,  r e s p e c -  
t i v e l y ,  in the d i r e c t i o n  of the  x -  and y - a x e s ;  

is  the p o r e  s u r f a c e  p e r  unit  vo lume  of the s t r i p  be ing  coo led ;  
is  the  we igh t  flow r a t e  of the  coo l ing  f luid p e r  unit  c r o s s - s e c t i o n a l  a r e a  of the p o r o u s  
s u r f a c e ;  
is  the i t e r a t i o n  s tep ;  
i s  the  n u m b e r  of the  i t e r a t i o n  s tep ;  
a r e  the  s t e p  i n d i c e s  for  the 4-  and ~ - a x e s ,  r e s p e c t i v e l y ;  
a r e  the s p a c i n g s  of the  c o o r d i n a t e  g r i d ,  r e s p e c t i v e l y ,  in the ~-  and ~ - d i r e c t i o n s ;  
a r e  the n u m b e r  of i n t e r v a l s  in the c o o r d i n a t e  g r id ,  r e s p e c t i v e l y ,  for  the 4-  and ~ - a x e s ;  

are the difference operators and the corresponding values of the eigenfunctions. 
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