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We formulate  and solve a problem in heat exchange during radial  f i l trat ion of a hea t - t r ans fe r  
agent through a bed of d ispersed  mater ia l .  Results of a numerical  solution of the problem 
are  represen ted  in the form of re fe rence  graphs.  

In various branches of the national economy, wide use is made of cylindrical heat exchangers, in 
which a dispersed material located between two perforated concentric cylinders is blown past a heat- 
transfer agent in a radial direction (with variable velocity in a fixed bed). 

The known solutions of A. Antselius and T. Shuman refer to the case of motion of a heat-transfer 
agent with constant velocity along the bed thickness of the material, and they are not suitable for calcu- 
lating heat exchange in apparatus with radial filtration of the heat-transfer agent. In view of the fact that 
for a number of materials the intensity of heat exchange is directly proportional to the flow rate of the 
heat-transfer agent [i, 2], it is possible to solve the heat-exchange problem for radial filtration of a bed 
of dispersed material. We consider two variants of motion of the heat-transfer agent in the bed: from the 
center to the periphery and from the periphery to the center. 

To simplify the solution of the problem we make the following assumptions: a) the physical proper- 
ties of the material and of the heat-transfer agent are constant during heat exchange; b) the temperature 
gradient within individual particles is negligibly small; c) the quantity of heat transmitted between parti- 
cles of the material by means of heat conduction is so small in comparision with the quantity of heat that 
the particles exchange with the flowing heat-transfer agent that it can be neglected; d) the coefficient of 
heat exchange depends linearly on the velocity of the heat-transfer agent in the bed of material. 

Taking account of the symmetry of the gas flow and the assumptions that have been made, the system 
of differential  equations of the process  has the form 

a0 
av 

0t c - - §  
0 1 :  - -  r 

where 

A (t -- o), (I) 
r 

Ol B 
- (0 - -  t )* ,  

Or r 

~ C  
A ~ - : - - ,  B ~ - - ,  c=vor o. 

C M C,r8 

The problem of heat exchange for radial filtration reduces to finding in the zone r 0 ~ r % rl; O < r 
- ~ the solution of system (I) for the conditions 

0 (0, ~ ) =  01; t (r o, ~ ) =  q. 

System (1) is reduced to canonical form by means of the following substitution of variables : 

*The upper sign corresponds  to motion of the air  f rom the center  to the per iphery,  and the lower sign 
cor responds  to motion from the per iphery  to the center.  
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Fig.  1. Contour  for  ca lcu la t ing  
the  i n t e g r a l s  d e t e r m i n i n g  the 
t e m p e r a t u r e  of the  h e a t - t r a n s f e r  
agent  and the m a t e r i a l  b a s e d  on 
Eqs. (8) and (9). 

we obtain  

and 

~=ab(c ' c~@)  and n - br, 

w h e r e  a = A / c ;  b = B / e ;  ( and ~ a r e  c h a r a c t e r i s t i c s  of s y s t e m  
(1). In the new va r i ab l e s ,  s y s t e m  (1) will be  

00 
n = f - o ,  (9) 

Ot - - =  +_O~t. 
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In v iew of  the fact  that  fo r  the m a j o r i t y  of p r a c t i c a l  p r o b l e m s  c r 
~>r2/2, i . e . ,  fo r  r = 0 we have ~ - .  0, the bounda ry  condit ions in 
the  new v a r i a b l e s  will  be  

o (o, n) = o .  (3) 

t (~, no) = tl ,  where no = bro. 

The p r o b l e m  with g iven  va lues  of the funct ions on the c h a r -  
a c t e r i s t i c s  (the Gour sa t  p rob l em)  was so lved  by us ing the method 
of  in t eg ra l  Lap l ace  t r a n s f o r m a t i o n s .  

A f t e r  t r a n s f o r m i n g  (2) and (3) a c c o r d i n g  to  the va r i ab l e  ~ and a f t e r  denot ing 
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where-0" and }-* are Laplace transforms of the functions 6* and t*; p is a complex variable. The solu- 
tion of system (4) for the conditions (5) gives the following dependences for the functions }-* and 0 * : 

7* = ( pn § 1 ~• exp(+ ']o ~ n), (6) 
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A c c o r d i n g  to  the t r a n s f o r m a t i o n  equat ion,  the unknown funct ions  t* and 0 * a r e  d e t e r m i n e d  f r o m  the equa-  
t ions  
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The  in t eg rands  in (8) and (9) have  the fol lowing s i n g u l a r i t i e s :  the f i r s t - o r d e r  pole  p = 0 and the 
b r a n c h  points  p = - - 1 / ~  and p = - - 1 / ~  0. On the bas i s  of a known a s s u m p t i o n  of the t h e o r y  of funct ions of 
a comp lex  va r i ab l e ,  tha t  the  va lues  of the in teg ra l  f f(z)dz t aken  be tween  the points  z I and z 2 a long the  
con tou r s  L 1 and L 2 a r e  e q u a l i f  we can conver t  f r o m  L1 to  L 2 owing to the cont inuous de fo rma t ion ,  without  
i n t e r s e c t i n g  a s ingle  s ingu la r i t y ,  the path of i n t eg ra t i on  (7 - -  i~,  3/ + i ~176 in this  ca se  can be r e p l a c e d  by 
the  con tou r  ('~ --  i v ,  A, ]3, A; C, ]3, C, ~/ + i~) (Fig. 1). Tak ing  into accoun t  tha t  the in t eg ra l  t aken  
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Fig.  2. G r a p h s  for  ca lcu la t ing  the t e m p e r a t u r e  of the  m a -  
t e r i a l  for  mo t ion  of a h e a t - t r a n s f e r  agent  f r o m  the c e n t e r  
to the  p e r i p h e r y  (a) and f r o m  the p e r i p h e r y  to the  c e n t e r  
(b). 

along the contour (3/ -- i~, A, B, C, 7 + ioo) equals zero [3], to obtain real  integrals we Can use the rec-  
tangular contour (a + ih, --b + ih, --b -- ih, a -- ih), which is obtained as a result  of the deformation of 
the contour A]3C. 

As a result  of calculating the integrals along this contour, according to (8) and (9), we obtain the fol- 
lowing expressions for the temperature of the material and of the heat- t ransfer  agent for radial filtration: 
temperature of the heat- t ransfer  agent 
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B a s e d  on Eq.  (1I) ,  u s i n g  a p r o g r a m  f o r  c a l c u l a t i n g  i n t e g r a l s  of r a p i d l y  o s c i l l a t i n g  func t ions  on an  
M - 2 0 0  c o m p u t e r ,  we c a l c u l a t e  the  q u a n t i t i e s  0* fo r  two v a r i a n t s  of m o t i o n  of a i r  in  the  b e d  ( F i g .  2). The  
l i m i t s  of v a r i a t i o n  of t he  p a r a m e t e r s  a r e  7) = 16-48;  ~ = 0-1800 .  

A n a l y s i s  of t he  c a l c u l a t e d  da t a  shows  tha t  r a d i a l  f i l t r a t i o n  of a h e a t - t r a n s f e r  agen t  in  a bed  of d i s -  
p e r s e d  m a t e r i a l  i s  c h a r a c t e r i z e d  b y  a v a r i a b l e  h e a t - e x c h a n g e  zone .  F o r  m o t i o n  of t he  h e a t - t r a n s f e r  
a g e n t  f r o m  the  c e n t e r  to  the  p e r i p h e r y ,  the  h e a t - e x c h a n g e  zone d e c r e a s e s  in  t i m e ,  and  fo r  the  o p p o s i t e  
m o t i o n  i t  i n c r e a s e s .  The  g r a p h s  p r e s e n t e d  can  be  u s e d  fo r  d e s i g n i n g  r a d i a l  hea t  e x c h a n g e r s  wi th  a f ixed  
bed  of d i s p e r s e d  m a t e r i a l  and  fo r  e s t i m a t i n g  t h e  e f f i c i e n c y  of o p e r a t i n g  a p p a r a t u s e s  of s i m i l a r  c o n s t r u c -  
t ion .  
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T 

NOTATION 

a r e  t he  t e m p e r a t u r e s  of the  m a t e r i a l  and  of t he  h e a t - t r a n s f e r  agen t ;  
i s  the  t i m e ;  
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a re  the t e m p e r a t u r e  of the h e a t - t r a n s f e r  agent  at the bed inlet and the initial  t e m p e r a t u r e  of 
the ma te r i a l ;  
a r e  the rad ia l  coordinate  along the bed thickness  and the radi i  of cyl inders  corresponding to 
the bed inlet  and the h e a t - t r a n s f e r - a g e n t  outlet f rom the bed of ma te r i a l ;  
is the inlet veloci ty  of the h e a t - t r a n s f e r  agent;  
a r e  the vo lumet r i c  speci f ic  heat  of the bed m a t e r i a l  and of the h e a t - t r a n s f e r  agent; 
is the coefficient  of propor t iona l i ty  between the vo lumet r ic  h e a t - t r a n s f e r  coefficient and the 
veloci ty  of the h e a t - t r a n s f e r  agent; 
is the coefficient  of poros i ty .  
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