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We examine  the nons t eady  d i s t r ibu t ion  of t e m p e r a t u r e s  in a f luidized bed when g r a n u l a r  m a t e -  
r ia l  is fed cont inuous ly  into the bed.  

Le t  us examine  the t e m p e r a t u r e  f ield of a f luidized bed in a con t inuous ly  opera t iona l  appa ra tus .  The 
nons t ead ines s  of the field in this c a s e  is c h a r a c t e r i s t i c  of the s t a r t - u p  per iod  o r  fo r  a change  in the r e g i m e  
of the p r o c e s s .  We will  examine  an ideal ized homogeneous  f luidized bed which is cont inuous ly  r ep len i shed  
f r o m  above with a g r a n u l a r  ma te r i a l  of t e m p e r a t u r e  0f, s t a r t i ng  at the ins tant  z = 0. The ma te r i a l  is r e -  
moved  f r o m  the bo t tom.  In a one -d i m e ns i ona l  bed of fine pa r t i c l e s ,  we can a s s u m e  that the t e m p e r a t u r e  
d i f fe rence  between the p a r t i c l e s  and the gas  is v i r tua l ly  equal to ze ro  ove r  the en t i r e  height  of the bed [1, 
2]. The init ial  t e m p e r a t u r e  of the bed is a s s u m e d  to be equal to the inlet gas  t e m p e r a t u r e  00. 

The p r o b l e m  is f o rmu la t ed  in the fol lowing manner :  
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F ig .  1. R e l a t i o n s h i p  be tween  ~p = 0/01 and Fo (wm = 0 . 1 . 1 0  -3 
m/see ,  which is denoted by the sol id  line; w m = 1.0 �9 10 -3 m 
/ sec  is given by the dashed  line; Wg = 0.86 m/ see  (a) and 1.22 
m/ see  (b)): 1) y = 0; 2) 0.5; 3) 1.0. 
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Rela t ionship  be tween (p 
Y 

= 0/01 and y as F o ~ :  1) w u = 0 . 8 6  
m/ sec ,  w m = 1 . 0 . 1 0  -3 m / s e c .  2) 
1.22 and 1.0 �9 10-3; 3) 1.53 and 1.0 
.10-a; 4) 2.06 and 1 .0 .10-3 ;  5) 0.86 
and 0 .1 .10-3 ;  6) 1.22 and 0 . 1 . 1 0  -a. 

I O0(1, Fo) = 0 1 - - 0 ( 1 ,  Fo). (4) 
Pem Oy 

The Peg and P e m  n u m b e r s  a re  r e f e r r e d  to the ef fec t ive  t h e r m a l  
conduct iv i ty  of the f luidized bed.  

For  the solut ion of p r o b l e m  (1)-(4) we will  u se  the Lap lace  
t r a n s f o r m  with r e s p e c t  to the va r i ab le  Fo. Final ly ,  the solut ion 
for  the or ig ina l  is wr i t t en  as follows: 

0 (g, Fo) _ Peru exp [--  b (I - -  g)] [Pegexp (bg) - -  Pe~exp (--  bg)] 
0 t Pe~exp b - -  Pe~ exp ( - -  b) 

- -  ~ {2 Pemexp [--  b (1 - -  g)] ~t, [(Peg-- b) sin ~,g 
rt~[ 

+ ~, cos ~,Yl exp [ - -  (~] + b ~-) Fo]/(~] + b 2) [(Peg+ Peru + 2) ~t~ sin ~, 

- -  (Peg + Pe~ + PegP% + b ~ -  ~)  cos ~,]}. (5) 

Here  b = 1/2 ( P e g - P e m ) ;  #n  denotes  the roo t s  of the c h a r a c t e r i s t i c  equat ion 

(Peg + Peru) tg ~ = - -  
b ~ + PegPem-- M~ 

(G) 

With Eq. (5) we can de r ive  the e x p r e s s i o n  for  the a v e r a g e  t e m p e r a t u r e  of the f luidized bed when heat  
is suppl ied to the bed th rough  the uppe r  boundary  by means  of the ma te r i a l .  The a v e r a g e  bed t e m p e r a t u r e  
is wr i t t en  as follows: 

[ 

0a v= S O (g, Fo) dg. (7) 
0 

Subst i tut ing the value of 0(y, Fo) f r o m  (5) into (7) and in tegra t ing ,  a f te r  t r a n s f o r m a t i o n ,  we de r ive  the e x -  
p r e s s i o n  for  the a v e r a g e  bed t e m p e r a t u r e :  

0av Pem[Pegsh b - -  Peru exp (--  b)l 
{2 P e ~  {(Peg--b)[bsin~, , - -~,~cos~n+~nexp(--b)]  0~- ~ Pe 2 exp b - -  Pe~ exp (--  b) - -  

g n= l  

-I- ~n [b cos ~n + ~n sin ~a - -  b exp (--  b)]}/(~] -~- b 2) [(Peg+Pe m 

+ 2) ~n sin ~,~ - ( P e g +  pe~ + pegpem + b ~ -  ~ )  cos ~tn] } exp[-- (~t~ + b2) Fo]. (8) 

As an example  we ca lcu la ted  the t e m p e r a t u r e  field of the bed n u m e r i c a l l y  with the aid o f  f o r m u l a  (5) 
fo r  the expe r imen ta l  va lues  of the longitudinal  t h e r m a l  conduct iv i ty  of a f luidized bed of sand; these  va lues  
had been der ived  e a r l i e r  in [3]. In these  ca lcu la t ions  we employed  va r ious  r a t e s  of ma te r i a l  feed into the 
bed.  The ca lcu la t ion  r e su l t s  a r e  shown in F igs .  1 and 2. 

Ana lys i s  of  these  funct ions shows that  with an i n c r e a s e  in the gas ve loc i ty  (an i n c r e a s e  in the Peg  n u m -  
ber)  t he re  is a subs tan t ia l  i n c r e a s e  in the dura t ion  of the nons teady  pe r iod  of bed heat ing.  Here  the re  is 
a l so  a reduc t ion  in the s t e a d y - s t a t e  value of ~o = 0/01, which is a s soc i a t ed  with the m o r e  in tensive  mixing 
of the p a r t i c l e s .  The t e m p e r a t u r e  d i f fe rence  over  the height  of  the l a y e r  d imin i shes  as the bed is heated by 
the incoming  m a t e r i a l .  In the s teady  s ta te  the t e m p e r a t u r e  d i f fe rence  ove r  the bed height  is sl ight;  it in-  
c r e a s e s  somewha t  with a r educ t ion  in the ma te r i a l  feed r a t e  and with a r educ t ion  in the gas  ve loc i ty .  An 
i n c r e a s e  in the ma te r i a l  feed r a t e  (an i n c r e a s e  in Pem) subs tan t ia l ly  r educes  the dura t ion  of bed heat ing.  

We should note  that  despi te  the high t h e r m a l  di f fus ivi ty  of the l a y e r  (when Wg = 0.86 m/sec ,  ae f  f = 0.48 
m2/h, which is h ighe r  than the t h e r m a l  diffusivi ty  of coppe r  and a luminum),  dur ing  the initial hea t ing  per iod  
t h e r e  exis ts  a subs tan t ia l  t e m p e r a t u r e  d i f fe rence  ove r  the bed height ,  and this d i f f e rence  is g r e a t e r  the 
g r e a t e r  the ma te r i a l  feed ra te .  Even with low gas ve loc i t i e s  and a high ma te r i a l  feed ra te ,  the dura t ion  of 
a v i r tua l ly  s t e a d y - s t a t e  r e g i m e  is app rox ima te ly  Fo = 8, which fo r  these  condi t ions  c o r r e s p o n d s  app rox i -  
ma te ly  to r = 40 min; this i n c r e a s e s  s igni f icant ly  as the gas ve loc i ty  i n c r e a s e s .  

As noted in [4], with a cont inuous supply of ma te r i a l  t he re  a re  t e m p e r a t u r e  d i f f e rences  a c r o s s  the bed 
height ,  but  these  a r e  m o r e  c h a r a c t e r i s t i c  of a nons teady  p r o c e s s .  
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With (5) and (8) we can also de te rmine  the m a x i m u m  t e m p e r a t u r e  level  for  the given gas veloci ty  and 
the ma te r i a l  feed rate;  for low feed ra te  the ave rage  s t eady - s t a t e  bed t e m p e r a t u r e  di f fers  substant ia l ly  
f r o m  the t e m p e r a t u r e  of the ma te r i a l  being supplied.  
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N O T A T I O N  

are ,  respec t ive ly ,  the t e m p e r a t u r e s  of the ma te r i a l  at the inlet to the bed 
and the t e m p e r a t u r e  of the bed, in ~ 
is the gas t e m p e r a t u r e  at the inlet to the bed; 
is the d imens ion less  bed t empe ra tu r e ;  
is the d imens ion less  ave rage  bed t empe ra tu r e ;  
a re ,  r e spec t ive ly ,  the instantaneous and total  bed height; 
is the d imens ion less  bed height; 
a re ,  r e spec t ive ly ,  the l inear  veloci ty,  the heat  capaci ty ,  and the density 
of the gas; 
a re ,  r e spec t ive ly ,  the l inear  velocity,  the heat  capaci ty ,  and the density 
of the par t ic le  mate r ia l ;  
is the bed poros i ty ;  
is the longitudinal effect ive t he rma l  conductivity of the bed; 
is the longitudinal effect ive t he rma l  diffusivity of the bed; 
is the t ime;  
denotes the roots  of the cha rac t e r i s t i c  equation (6); 
is the Four ie r  number ;  
is the Pec le t  number  for  the gas; 
is the Pecle t  number  for the mater ia l ;  
is the re la t ive  bed t e m p e r a t u r e .  

i. 
2. 

3. 
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