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The r a d i u s  of a tube i s  d e t e r m i n e d  of the  p e r m i s s i b l e  t e m p e r a t u r e  d rop  a c r o s s  the tube  s e c -  
t ion .  

When a tube  i s  d e s i g n e d  f o r  a r e a c t o r  with a g r a n u l a r  bed  of c a t a l y s t ,  then  the  p e r m i s s i b l e  t e m p e r a -  
t u r e  d rop  a c r o s s  the  tube  s e c t i o n  d e t e r m i n e s  the  r a d i u s .  The t e m p e r a t u r e  p r o f i l e  a c r o s s  a tube s e c t i o n  is ,  
in the  c a s e  of a z e r o t h - o r d e r  r e a c t i o n ,  a n a l o g o u s  to tha t  in [1]: 
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• 0 = In 6 [ e x p ( . F )  p~ __+ exp~t] 2 ' (1) 

w h e r e  exp(--/~) = ( a ,  and a a r e  the  r o o t s  of the  c h a r a c t e r i s t i c  equa t ion  
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6 (a • 1) ~ Bi (t~ -~ 1) (2) 

H e r e  and l a t e r  on the  u p p e r  s ign  r e f e r s  to an e x o t h e r m a l  r e a c t i o n ,  the l o w e r  s ign  r e f e r s  to an e n d o t h e r m a l  
r e a c t i o n .  

The  m e t h o d  p r o p o s e d  in [1] is  conven i e n t  to u se  f o r  d e t e r m i n i n g  the p e r m i s s i b l e  tube  r a d i u s  on the  
b a s i s  of the  g iven  t e m p e r a t u r e  d rop  f r o m  the c e n t e r  to the  wal l .  F r o m  e x p r e s s i o n  (1) we have  
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Fig .  1. C r i t i c a l  Bio t  n u m b e r  
B i c r  a s  a funct ion  of the  t e m p e r -  
a t u r e  d r o p A 0 :  1) e x o t h e r m a l  r e -  
ac t ion;  2) e n d o t h e r m a l  r e a c t i o n .  

A0 -- [0 c -  0wt 2 In (o- • 1), (3) 

cr = exp (,30/2) --- I. (4) 

F o r  s t i p u l a t e d  v a l u e s  of A0 one d e t e r m i n e s  the  p e r m i s s i b l e  
v a l u e  of the  Biot  n u m b e r  f r o m  the  so lu t ion  to the equa t ion  

8a e x p _ - -  B i ( a +  1) 
c Bi ~ -  - ' = 0, (5) (~ ::: 1) 2 

w h e r e  c = IhlEkheff/~R(Taa) 2. 

o r  

F r o m  t h i s  Bi one then  d e t e r m i n e s  the  p e r m i s s i b l e  tube  r a d i u s  

r 0 -~ Bi~,eff/a ' 

I t  i s  to  be noted  tha t  Eq. (5) h a s  no so lu t ion  when 

ac > 2 exp ( - -  2) = 0,270671 (6) 

Bier < 2 ~  
cr+ 1 (7) 

In th i s  c a s e  the  s t i p u l a t e d  t e m p e r a t u r e  d rop  canno t  be r e a l i z e d ,  r e -  
g a r d l e s s  of the  tube  r a d i u s .  

F o r  r e a l  v a l u e s  of a l l  p a r a m e t e r s  A0 l i e s  within 0-30.  The  
c a l c u l a t i o n s  of B i c r  a s  a funct ion  of A0 a r e  shown in F i g .  1. 
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Character is t ical ly ,  it is not possible to real ize a zero tempera ture  drop during an exothermal reaction. 
The maximum tube radius cor responds  to small t empera ture  drops during endothermal react ions,  while 
Bier < 4. When the tempera ture  drop is large (A0 > 10), then Bier = 2 for both exothermal and endother-  
mal reactions.  
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Bi = ~r0/~e i f ;  
0 c = E (Tc--Ta)/R TZ~; 
0w = E - - - - .  (Tw--Ta)/RT z. 
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N O T A T I O N  

is the local absolute tempera ture  at a tufie section; 
is the tempera ture  at the tube axis; 
is the tempera ture  at the tube wall; 
ts the ambient temperature;  
ts the rate constant of the reaction; 
ts the cofactor  of the exponential t e rm in the rate constant; 
ts the thermal  effect of the reaction; 
ts the universal  gas constant; 
ts the activation energy of the reactioni 
ts the local radius; 
ts the inside radius  of the tube; 
ts the dimensionless local radius; 
ts the effective radial  thermal  conductivity of the granular  bed; 
ts the coefficient of heat t r ans fe r  f rom bed to coolant; 

is the heat source (sink} parameter ;  
are  the roots  of the charac te r i s t i c  equation (2); 
is the Biot number; 
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