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On the basis of an analytical solution equations are recommended 
that make it possible to determine the temperature of the medium 
at the bed outlet and the temperature of the particles and the equip- 
ment walls at any point during the cooling (heating) of a fluidized 
bed. 

In f l u i d i z e d - b e d  h e a t - e x c h a n g e  e q u i p m e n t  p e r i o d i -  
c a l l y  l o a d e d  w i t h  f i n e - g r a i n e d  m a t e r i a l  the  p r o c e s s e s  
of h e a t  t r a n s f e r  b e t w e e n  the  p a r t i c l e s  vnd t h e  m e d i u m  
p r o c e e d  u n d e r  n o n s t a t i o n a r y  c o n d i t i o n s .  Hea t  t r a n s f e r  
b e t w e e n  the  w a i l s  of the  e q u i p m e n t  and the  f l u i d i z e d  
b e d  m a y  h a v e  a s i g n i f i c a n t  e f f e c t  on t h i s  p r o c e s s .  

In this note we present an analytical solution, sim- 

ilar to that proposed in [i], to the problem of deter- 

mining the law of variation of the temperatures of the 
medium at the outlet from the bed, the particles and 
the reactor walls at any moment during the cooling 

(heating) of the bed. In deriving the basic equations it 

was assumed that the thermal resistance of the par- 
ticles themselves is small, that owing to the intense 
mixing the temperature of the particles is constant 

throughout the bed, that the thermophysical character- 
istics of the medium, the particle material, and the 

wails are constant, and that no heat is lost to the sur- 

rounding medium. 
The mean integral temperature of the medium over 

the thickness of the bed, assuming ideal displacement, 

is given by [2] 

m 
i,, (T) = t ~ - - I t ~ ( ~ ) - -  q] q. (1) 

U s i n g  the  h e a t  b a l a n c e  and h e a t  t r a n s f e r  e q u a t i o n s ,  we 
ob t a tn  i n t e g r a l  e x p r e s s i o n s  f o r  d e t e r m i n i n g  the  c o r -  
r e s p o n d i n g  t e m p e r a t u r e s :  

exp[ - -a '~ ]  [,fa[tl + (t2(,)--t,)q]x tp(~) = 
0 

x e x p [ a T ] d ~  + tp(0) }, (2) 

t w (~) = exp [ - -  a, ~] {,! a, [t 1 + (t 2 (-~) - -  t,) q] x 
0 

x exp [a, "~1 d �9 + fw (0)}, (3) 

+ exp [ - -  al ~1 [b /w (0) - -  B] + 

+ A + B + 6 - -  Ct~ (~) = O. (4) 

So lv ing  t h e  l a s t  e q u a t i o n  we  ob t a in  a r e l a t i o n  f o r  the  
t e m p e r a t u r e  of  the  m e d i u m  a t  the  o u t l e t  f r o m  the f l u i d -  
i z e d  bed  at  any  m o m e n t  of t i m e  wi th  a l l o w a n c e  f o r  t he  
h e a t  a c c u m u l a t e d  in t he  r e a c t o r  w a i l s :  

L [M 1 t ~ ( , ) - -  N q-2exp - - ~ - ,  x 

D I /M2+.4N + LM 

I T -gA 
x V M" + 4N 

L VT~+4N +K--  >~_M 
2N 2 

q >4 
V - ~  + 4N 

Then  s u b s t i t u t i n g  f o r  t2(r)  in Eqs .  (2) and  (3), a f t e r  
t r a n s f o r m a t i o n s  we have  

tp (~) = tp (0) q- t~ (1 --  exp [ - -  a , ] )  4-. 

{ l  M ) 2aq exp �9 X 
+ a 2 - - M a - - N  2 

x { [ a K - - K M / 2 - - a D M / 2 - - D N  + 

+L (aM --  M 2 -  2 N ) / 2 N ~ X [ I / ~ ~ - x  

,[ Lt~ 
+ ~  a D - - K +  N 

- - l a D - - K 4 .  L ( a - - M )  (6) 

aq exp [ - -  a ~1 

+ alblq exp [ - -  aj T] 

~ t 2 (T) exp [a *] d "c + 

0 

,[ 

S t., (~) exp I-- al x] d "~ _ 
0 

+ exp l - -  a t ]  It p(0) - -  A] + 

t w (z) = tw(0 ) q- ti(1 - - e x p  [ - - a l ~ ] )  + 

4 2a~q {exp[  M ] x  
a l ~ - -  M a, - -  N 

x { ~ , K  KM2 a~DM2 (7) 
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+ "~ aiD -- K -~ X 

(7) 
- - [a lD--K -t- L(al--M) ] exp[--al "] } (cont 'd)  

If in  e x p r e s s i o n s  (6), (7) we a s s u m e  tha t  1 / c  1 > 3, a l  << 
<< a, b 1 ~ 0 (in t h i s  e a s e  tp(0) ~, t e(0),  q ~ 1 - el) ,  
t hey  s i m p l i f y  to 

c'+" ] -/] Ol 

+[ tp(O)(1-2ci)+atlbl-4tlcic i ( 1 - -  ai) tilX 
X sh - ~  (c la-  a l )  , 

tp (~) = tp (0) -t- ti (1 - -  3 exp [ - -  a ~]) n t- 

2 [ ~ ( q a + a l ) ]  • 

j_ 2a (a - -  ai) tp (0) + tl. [(cia - -  ai) 2 - -  clala] 
( ci a -- al ) / a 

I w (~) = t w (0) + t 1 (1 - -  exp [ - -  a i ~i) - -  

2 ( l - q )  {exp [ w ] 
bia --  -2 (cla + al) • 

(8) 

(9) 

+[(al--a)tp(O)4-(c~a--a~)~--3abt(Qa-~-aO l c i a - - : -  a~ + ab 1 X 

+ t 1 (Qa -- a~) b~] exp [ - -  al ~1 }" (10) 

The  r e l a t i o n s  o b t a i n e d  c a n  be  r e c o m m e n d e d  f o r  d e -  
t e r m i n i n g  the  d u r a t i o n  of the  p e r i o d i c  p r o c e s s  or  the 
t e m p e r a t u r e s  of the  p a r t i c l e s ,  wa l l s ,  and m e d i u m  at 
any  m o m e n t  d u r i n g  the  coo l ing  (heating) of a f l u i d i z e d  
bed .  

NOT AT ION 

Gin ,  Gp, G w a r e  the  m a s s  f low r a t e s  of the  f l u i d i z -  
ing  m e d i u m ,  m a s s  of the  p a r t i c l e  cha rge ,  and the  r e -  
a c t o r  w a l l s  in  the  r e g i o n  of the  f l u id i zed  b e d ;  c m ,  Cp, 
c w a r e  the  m a s s  spec i f i c  h e a t s  of the  f l u i d i z i n g  m e d i -  
um ,  p a r t i c l e  m a t e r i a l ,  and the  r e a c t o r  w a l l s ;  Fp,  F w 
a r e  the  s u r f a c e  a r e a s  of the  p a r t i c l e s  and the  r e a c t o r  
w a l l s ;  ~p,  ~w a r e  the  c o e f f i c i e n t s  of h e a t  t r a n s f e r  
f r o m  the  p a r t i c l e s  to the  f l u i d i z i n g  m e d i u m  and f r o m  
the  f l u id i zed  bed  to the r e a c t o r  w a l l s ;  tj  i s  the  t e m p -  
e r a t u r e  of the f l u i d i z i n g  m e d i u m  at  the  i n l e t  to the  bed;  
t2(0), tp(0),  tw(0) a r e  the  t e m p e r a t u r e s  of the  f l u i d i z -  
ing  m e d i u m ,  the  p a r t i c l e s  and the  r e a c t o r  w a l l s  at  
T = 0; t 2(T), tp(T), t w ( T ) - - t e m p e r a t u r e s  of f l u i d i z i n g  
m e d i u m ,  p a r t i c l e s  and r e a c t o r  w a l l s  at t i m e  7; 
D = [G + tp(0) + b l tw(0) ] /C ;  K =  [Aa + B a  1 + G(a + 
+ a 1) + altp(O) + abltw(O)]/c; L = (A + B + G)aal/C; 
G =  t l ( q -  1 -  b 1 + b l q +  c l ) ; M =  [ c l ( a +  a l ) -  a q -  
- a l b l q ] / C ;  N = aal(  q + blq  - C) /C;  A = tl(1 - q); B = 
= b i t 1 ( 1 -  q); C =  q +  b N + c l ;  a =  a p  F p / G p c p ; a  1 = 

= ~w F w / G w  Cw; cl  = G m c m  C m / a p  F p ; b l  = ~w F w / ~ p  Fp;  
q =  1 / (1  - e x p [ -  l / c ] )  - c 1. 
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