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We have studied the conditions for the appearance  of a centr i fugal  fluldized bed in a solid 
- l i q u i d  sy s t em ,  and these  conditions a re  governed by the c r i t i ca l  veloci t ies  and p r e s s u r e  
d i f ference .  

An outstanding fea ture  of a s o l i d - l i q u i d  s y s t e m  is the low level  of nonuniformity.  If the t e r m  "level  
of nonuniformity"  is unders tood to r e f e r  to the ra t io  of the specif ic  weights  of the in teract ing phases ,  for  
a g a s - s o l i d  sy s t em  this t e r m  is on the o rde r  of 103, whe reas  for  a so l i d - l i qu id  sy s t em it is equal to some 
smal l  s ingle-va lued  number .  

Because  of this fea tu re ,  in the fo rmat ion  of a fluidized bed in a so l id - l i qu id  s y s t e m  we need r e l a -  
t ively  low veloci t ies  for  the liquid medium,  and these  a re  de te rmined  in f rac t ions  of m / s e a .  To inc rease  
the s t r eaml in ing  veloci t ies  for  the solid pa r t i c l e s  by the liquid, the solid phase  must  be  made heav ie r ,  and 
this can be achieved by placing the s y s t e m  under cons idera t ion  in a field of centr i fugal  fo rces .  

We know of no l i t e r a t u r e  specifying the quant i ta t ive re la t ionships  governing a centr i fugal  f luid-  
ized bed in a s o l i d - l i q u i d  s y s t e m ,  although s i m i l a r  pape r s  have been  wr i t t en  for  a s o l i d - g a s  sy s t em 
[z-lo]. 

Of pa r t i cu l a r  in te res t  is the work  by Gel 'pe r in ,  Einstein,  Zaikovski i ,  and Goikhman [1, 10], dealing 
with hydrodynamics  and heat  t r a n s f e r ,  and in which we find a method of de termining  dynamic -hea t  l o s s e s ,  
a s  well  as r ecommenda t ions  for  the des ign  of instal la t ions with a centr i fugal  fluidized bed. 

The fo rmat ion  of a centr i fugal  fluidized bed is shown in Fig. 1. A liquid flow Q at a veloci ty  W (whose 
magnitude may vary) is fed through a bed of g ranu la r  ma te r i a l  posi t ioned above the dis t r ibut ion gr id  of a 
rota t ing conical ve s se l ,  with the flow rad ia l  to the axis of rotat ion.  As soon as W reaches  the War value 

! the fo rmat ion  of the fluidtzed bed begins ,  and it c ea se s  when W = War.  

The p rob lem of the hydrodynamics  of a centr i fugal  fluidized bed includes de te rmina t ion  of the cr i t ica l  
ve loc i t ies  and dynamic-head  l o s s e s .  

As is well  known, the c r i t i ca l  ve loc i t ies  in a conventional fluidized bed a re  de te rmined  by means of 
the genera l i zed  c r i t i ca l  equation 

Rear = f (Ar). (1) 

As r ega rds  the dynamic -head  l o s s e s ,  these a re  de te rmined  approx imate ly  by the re la t ionship  

AP = qg = G/F, " (2) 

i. e . ,  they are  approx imate ly  equal to the specif ic  load on the dis t r ibut ion grid.  

In making the t rans i t ion  to a centr i fugal  fluidized bed,  we should rep lace  the Ar c r i t e r ion  in (1) by the 
product  A r F r .  F rom this follows the new c r i t e r i a l  equation for  the centr i fugal  fluldized bed, and it has 
the form 

R%r = f (Ar Fr), (3) 

As well  as the new equation for  the de te rmina t ion  of the specif ic  load on the dis t r ibut ion grid,  i . e . ,  
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Fig. 1. D iagram of the exper imen ta l  in- 
s tal la t ion.  The ro to r  a s sembly :  1) tubu- 
l a r  knee; 2) d is t r ibut ion grid;  3) conical 
chamber ;  4) shaft; 5) device with gr id ,  
for  supply of pa r t i c les ;  6) r o l l e r  bear ing;  
7) l aye r  of ma te r i a l  being tes ted.  
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Fig. 2. P r e s s u r e  d i f ference  AP in a tm,  in the l aye r  
as a function of the flow veloci ty W, m / s e c :  a-d) 
r e spec t ive ly ,  rotat ional  veloci t ies  of 203, 254, 405, 
and 507 rpm;  1) kaolin; 2) aluminum; 3) steel;  4) 
b r a s s .  

q c =  [(1-- e) h(Ps - - P l  ) g] Fr. (4) 

The bas ic  unit of the exper imenta l  instal lat ion is the ro to r  (see 
Fig. 1). The tes t  spec imens  a r e  p laced into conical chamber  
3 between the two gr ids  2 and 5. The ro tor  is set  into ro ta t ion  
by an e lec t r i c  motor  opera ted  with a belt  d r ive ,  making it p o s -  
sible to change the ro to r  rpm f rom 200 to 600. 

The expe r imen ta l  method used to de te rmine  the hydro -  
dynamic conditions for the appearance  of the fluidized bed  in- 
volves the following: a batch of mate r ia l  with pa r t i c l e s  of iden- 
t ical  d imensions  is p laced into conical chamber  3, following 
which the feeder  or i f ice  of chamber  5 is c losed and tightly 

sealed.  The ro to r  is se t  into motion, and the liquid feed then begins (water at a specif ied t e m p e r a t u r e ) .  
The liquid flow ra te  is moni tored  with an I r - l M  induction f lowmeter ;  the p r e s s u r e  di f ference between points 
A and B is es tabl i shed s imul taneous ly  by means  of a DM-2.5 di f ferent ia l  manomete r .  Kaolin pa r t i c l e s  
(density 2200 kg/m3),  s tee l  pa r t i c l e s  (7800 kg/m3),  b r a s s  pa r t i c l e s  (8700 kg/m3),  and aluminum par t i c l e s  
(2700 k g / m  3) se rved  as the d i s pe r s e  medium. 

With such an instal la t ion we can achieve e x t r e m e l y  high veloci t ies  of liquid motion nea r  the d i s t r ibu-  
t ion gr id  (up to 5 m / s e c ) ,  which of fe rs  hope of achieving a substant ia l  effect in the m a s s - t r a n s f e r  p r o c e s s .  

F igure  2 shows the p r e s s u r e  d i f fe rence  as a function of veloci ty  for  var ious  ro to r  r p m ' s  ivar ious  values  of 
the Froude number) .  The cu rves  shown in this f igure a re  typical  for  a gravi ta t ion  fluidized bed. 

These  data have been genera l i zed  in the fo rm of c r i t i ca l  re la t ionships  which a re  shown in Fig. 3 and 
co r respond  to the empi r i ca l  fo rmulas :  

the end of f luidization 

the beginning of f luidization 

Recr = 1.444 (ArFr) ~ (5) 

Recr = 1,222 (ArFr) ~ (6) 

Figure  4 shows the dynamic -head  l o s s e s  as a function of the speci f ic  load on the dis t r ibut ion grid.  
These  dynamic -head  l o s s e s  a re  defined by means  of the expres s ions :  

the beginning of f luidizat ion 

the end of f luidization 

APcr = Ap i - -  Ap2, (7) 

aPcr  = a P ;  - AP~, (s) 
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Fig. 3. Cr i te r ia l  relat ionship showing Rec r  (bottom curve) and Rec r  
(upper curve) as functions of A r F r  (the points a re  denoted in the 
same way as in Fig. 2). 

t 
Fig. 4. P r e s s u r e  di f ferences  APcr  (upper curve) and APcr  (lower 
curve) in N/m s, as function of the specif ic  load qc in N /m  2, on the 
dis tr ibut ion grid (the notations for the points are  the same as in 
Fig. 2). 

where  AP 1 and Ap~ are  the p r e s s u r e  d i f ferences  between thepoin tsA and B under the conditions of the ex- 
per iment ;  AP 2 and Ap~ are  the p r e s s u r e  d i f ferences  for the same conditions, but in the absence of a d i s -  
pe r s e  mater ia l  on the distr ibution grid. 

�9 As we can see f rom Fig. 4, for  the dynamic-head loss  as a function of the specif ic  load on the d is -  
t r ibut ion gr id  d i rec t  propor t ional i ty  is cha rac t e r i s t i c  and it may be de termined by means of the following 

e x p r e s s i o n :  

AP = kqc. (9) 
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a r  = [(Os - ot)/Os] (gd3/v  2) 
R e c r  = Wcrd /v  
Fr  = w2r/g 

N O T A T I O N  

is the par t ic le  d iameter ,  m; 
is the a r ea  of the dis tr ibut ion grid,  m2; 
is the weight of the bed, kg; 
is the flow ra te ,  m3/sec; 
a re ,  r espec t ive ly ,  the specif ic  loads on the distr ibution grid,  N/m 2, in g r a -  
vitational and centr ifugal  force  fields; 
is the acce le ra t ion  due to the ea r th ' s  gravi ty ,  m/sec2; 
is the bed height,  m; 
is the radius of bed rotat ion,  m; 
is the p r e s s u r e  di f ference ac ross  the bed, a rm/m,  N/m2; 
are  the cr i t ica l  p r e s s u r e  d i f ferences ,  N/mS; 
is a propor t ional i ty  factor;  
is the flow veloci ty,  m/sec ;  
a re  the cr i t ica l  flow veloci t ies ,  m / sec ;  
is the bed porosi ty;  
is the kinematic  coefficient  of v iscosi ty ,  m2/sec; 
is the densi ty,  kg/mS; 
is the angular  veloci ty,  sec- i ;  
is the Archimedes  number; 
is the Reynolds number; 
is the Froude number.  
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S u b s c r i p t s  and  S u p e r s c r i p t s  

s denotes a solid; 
1 denotes a liquid. 
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