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It  is  shown that  a thin gas  i n t e r l a y e r  o c c u r s  n e a r  a p la t e  i m m e r s e d  in a f iu id ized  bed and that  
the l oca l  s t r u c t u r a l - h y d r o d y n a m i c  c h a r a c t e r i s t i c s  of the b o u n d a r y  zone a r e  d i f f e r e n t .  

It was  noted as  long ago as  1959 [1] that  gas  s t r e a m s  can  be i n t e r r u p t e d  n e a r  bod i e s  p l a c e d  in a f l u id i -  
zed  bed and that  the p o r o s i t y  of the bounda ry  l a y e r  d i f f e r s  n o t i c e a b l y  f r o m  the a v e r a g e  th roughou t  the e n -  
t i r e  v o l u m e .  Th i s  was  s u p p o s e d  to be t aken  into accoun t  when w o r k i n g  on p r o b l e m s  of e x t e r n a l  hea t  and 
m a s s  t r a n s f e r  in f lu id ized  m e d i a .  H o w e v e r ,  in the "packe t "  t heo ry  of hea t  t r a n s f e r  [21 that  r e c e n t l y  ga ined  
p o p u l a r i t y  the ac tua l  s t r u c t u r e  of the bounda ry  zone was  not taken  into c o n s i d e r a t i o n ,  which  led  to e r r o r s ,  
noted in [3]. 

D e t e r m i n a t i o n  of the t i m e w i s e  a v e r a g e  s t r u c t u r a l - h y d r o d y n a m i c  c h a r a c t e r i s t i c s  of  the b o u n d a r y  zone 
was  a c c o m p l i s h e d  for  the f i r s t  t ime  in [4--6] ,  but  the t rue  ( in s t an taneous )  v a l u e s  of the p o r o s i t y  of  the 
f l u i d i z e d b e d  w e r e  n o t d e t e r m i n e d i n  these  s t u d i e s .  

In the p r e s e n t  i n v e s t i g a t i o n  by m e a n s  of pho tog raphy  with an e x p o s u r e  t ime  of 1 : 125 s e c  we w e r e  able  
not  only to c o n f i r m  the a c t u a l  p i c t u r e  of the phenomenon  [1, 3] but  a l so  to d e t e r m i n e  the l oca l  v a l u e s  of the 
con t ac t  t ime  of i nd iv idua l  p o r t i o n s  of the p la te  wi th  d i f f e r e n t  p h a s e s  of the i nhomogeneous  f lu id i zed  bed.  

The  i n v e s t i g a t i o n s  w e r e  c a r r i e d  out wi th  a 20 • 30 x 8 0 - m m  p la t e  p l a c e d  v e r t i c a l l y  in a 150 • 3 0 - m m  
r e c t a n g u l a r  a p p a r a t u s  wi th  t r a n s p a r e n t  w a i l s .  The  d i s t a n c e  f r o m  the p e r f o r a t e d  l a t t i ce  to the l ower  end of 
the p la te  was  25 ram.  F l u i d i z a t i o n  of the bed of c h a m o t t e  wi th  an e q u i v a l e n t  d i a m e t e r  of 0.7 m m  was  done 
by a i r  a t  r o o m  t e m p e r a t u r e .  The p h o t o g r a p h s  w e r e  taken  with  a " Z e n i t h - S "  c a m e r a  i n s t a l l e d  so  that  i t s  
op t i ca l  ax i s  co inc ided  with  the l ine of  i n t e r s e c t i o n  of the l o w e r  and one of the s ide  s u r f a c e s  of the p l a t e .  
Shading  of  the l e a d i n g  edge  of the p la te  by the thin bounda ry  i n t e r l a y e r  of gas  a t  these  s u r f a c e s  was  t h e r e b y  

e l i m i n a t e d .  

F ig .  1. F low p a s t  a p la t e  i m m e r s e d  in an i n h o m o -  
geneous  f lu id ized  bed:  a} W = 1; b) 2; c) 5. 
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TABLE 1. Relative Frequency of Change of "Phases"  near  Plate 

W 2 

No. of point~ I 2 3 4 5 ! 2 3 4 5 

fo 1,00 0,84 0,48 0,20 0,00 0,81 0,81 0,76. 0,30 0,03 
[or 0,00 0,13 0,26 0,19 0,00 0,19 0,16 0,15 0,46 0,00 
fr 0,00 0,03 0,26 0,61 1,00 0,00 0,03 0,09 0,24 1,09 

3 5 

No. of point 2 3 5 1 2 3 4 

& 

fo~ 
f~ 

0,84 
0,10 
0,06 

0,83 
0,13 
0,04 

0,69 0,31 
0,22 0,56 
0,09 0,13 

0,00 0,90 
0,00 0,10 
I oo 0,00 

0,85 0,55 
0,15 0,40 
0,00 0,05 

0 , 5 0  0,00 
0,35 0,00 
0,15 1,00 

Transi l lumination of the bed during photography was done with diffuse light f rom the opposite side of 
the apparatus.  The interval  between f rames  was 5 sec. We took at least  35 successive photographs at 
fluidization numbers  1, 2, 3, and 5. More than 200 photographs were treated statist ically.  Three of them 
obtained for the boundary zone near  the r ight side and lower surfaces  of the plate for W = 1, 2, and 5 are 
shown in Fig. 1. Similar photographs were obtained also for the left side of the plate, which indicated the 
same probabili ty of phase alternation near its side surfaces.  

We see from Fig. 1 that a thin gas in ter layer  whose thickness is commensurable  with the size of the 
fluidized par t ic les  forms near  the side sur faces  of the plate. In addition, we see that the inhomogeneous 
fluidized bed is not in a two-phase state, as is commonly considered [2], but in a three-phase  state [31. 
The photographs c lear ly  show that any portion of the plate surface (except the upper horizontal surface) 
al ternately contacts the d iscre te  phase (gas in ter layer ,  gas bubbles), diluted phase (eddies, spouting, air  
t ransport) ,  and continuous phase ("packets"). The frequency of the change of phases and the time of their 
contact with a given unit surface of the plate are far f rom the same. 

A determination of the numerical  values of the relative contact time of the discrete  phase f0, diluted 
phase fd, and continuous phase fc with the plate was made near its lower end surface (point 1), near the 
side surface at a distance of 10, 35, and 60 mm from the lower edge (points 2, 3, and 4 respect ively) ,  and 
near the upper end surface (point 5). Some resul ts  of this determination are given in Table  1, f rom which 
we see that when W -> 2 more than two-thirds of the lower part  of the plate (points 1, 2, and 3) contacts 
mainly not the "packets" of par t ic les  (fc < 0.99) but the gas bubbles and gas in ter layer  (f0 > 0.55) and local 
eddies (fd > 0.15). On the s tern par t  of the plate (point 5), conversely,  a gas layer  was not recorded  (fc 
= 1.00). 

The photographs permit ,  in addition to the numerical  values of f0, fd, and fc, determining the velo-  
cit ies of the par t ic les  and the direct ion of this movement on the basis of the clear ly observed dashed lines 
(tracks of the par t ic les  during time 1:125 sec). It was found that the velocity of the par t ic les  near the 
plate in the observed eddies is of the order  0.5-1.5 m / s e c  and for individual par t ic les  reaches  3-4 m / s e c ,  
which indicates high velocit ies of the air  near the plate. 

The resul ts  obtained permi t  the conclusion that the frequency and contact time of the active part  of 
the plate with the continuous phase ("packets") are  appreciably less than commonly considered [21 and that 
there is no sense to express  analyt ica l ly  the coefficients of external  heat and mass  t ransfer  in t e rms  of 
the volume-averaged ("point") fluctuation charac te r i s t i c s  of the fluidized bed. 

W 

fo 

fc 

NOTATION 

is fluidization number; 
is the relative time of d iscre te  phase and plate contact; 
is the relat ive time of diluted phase and plate contact; 
is the relative time of solid phase and plate contact.  
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