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The distribution of vertical and horizontal particle velocity in a 

fluidized bed has been investigated. The experimental results are 
presented below. 

One of the important problems of fluidization 
which has not yet been finally solved is the question 
of the part icle velocity in a fluidized bed. 
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Fig. 1. Schematic of reac tor  and tracking device: 
1) counter, 2) shield, 3) de amplifier, 4) oscil lo- 

graph, 5) power supply. 

As distinct from indirect method of measuring 
part icle velocity, such as motion-picture photography 
or a special probe immersed  in the bed [1,2], in this 
paper we describe a method of measuring the particle 
velocity direct ly with the help of labeled atoms. 

The method of determining the part icle velocity U 
consists in measuring the t ime t for a part icle  to 
cover a distance l between two different points in the 
bed; for a more  accurate determination of the veloc-  
ity the distance l should be taken as short as pos-  
sible, commensurable  with the dimensions of the 
particle.  

The experiments were conducted on a model reac-  
tor  60 mm in diameter.  As the fluidized mater ia l  we 
used an alumosilicate monodisperse pelletized cat-  
alyst. The average diameter  of the pellets was 2.8 
mm. 

One of the catalyst  pellets was labeled with radio- 
active isotope Co ~. The pellet was placed in the 
fluidized bed, where it part icipated in the motion 
together with the other s imilar  pellets (particles). 

The T-radiation of the labeled part icle was de- 
tected with a scintillation counter (Fig. 1), con- 
sisting of a photomultiplier of the FEU-19 type with 
a sodium iodide crystal .  The counter was separated 
from the reac tor  by a lead shield. The shield had 
two parallel  cal ibrated openings 3 mm in diameter.  
The distance l between the axes of the openings was 
10 mm (3.5 d). The thickness of the shield was 

selected so that the T-radiation of the particle was 
almost completely absorbed by the lead when the 
part icle was located beyond the limits of the open- 
ings, i.e., outside the range of the counter. When 
the labeled part icle  c rossed  one of the openings the 
counter picked up the "/-radiation, which created 
current  pulses in it. After amplification in a de am- 
plifier these pulses were recorded on film by an 
oscillograph. 

By mounting the shield containing the openings 
in a vert ical  or horizontal plane, it is possible 
separately to t rack the movement of a part icle in the 
vert ical  or  horizontal direction. 

If the part icle c rosses  one of the openings, the 
osci l logram will reg is te r  one pulse, if it c rosses  
both openings two pulses (Fig. la). The interval 
between pulses corresponds to the time t taken by 
the particle to travel  the distance I. Thus, pairs 
of pulses of the same amplitude define the passage 
of the particle along a given path. Knowing the time 
and distance of travel ,  we can easily find the vertical  
or horizontal velocity of the particle at a given point 
in the fluidized bed. 

If the part icle intersects  the axes of the opening 
at a certain angle, the pulse amplitudes will be dif- 
ferent. Pulses with different amplitudes were ex- 
cluded from consideration. When the particle ap- 
proaches the wall of the reac tor  (the counter), the 
counter signal is intensified and the pulse amplitude 
increases;  conversely,  as the particle moves away 
from the wall toward the center  of the reactor  the 
pulse amplitude decreases .  F rom the pulse amplitude 
we were able to determine the position of the particle 
in the bed. 
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Fig. 2. Distribution of vertical 
particle velocity U v (mm/sec) 
for upward motion as a function 
of the radius and the cross sec- 
tion of the bed (air velocity W = 
= 2.8 m/sec): a) at height H from 
the gas distributor, 2) 0.5 H, 3) 

0.25 H. 
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The p u l s e  amp l i t ude  ma in ly  depends  on the p o s i t i o n  
of the  r a d i o a c t i v e  p a r t i c l e  r e l a t i v e  to  the  coun te r  and 
i s  i n v e r s e l y  p r o p o r t i o n a l  to the  s q u a r e  of the d i s -  
t ance  be tween  p a r t i c l e  and counter .  The p u l s e  a m p l i -  
tude depends  only v e r y  s l igh t ly  on v a r i a t i o n s  in the  
dens i ty  of the  f lu id i zed  bed and the p a s s a g e  of gas  
bubbles  in  the  zone of the  T -beam,  and t h e s e  a r e  not 
f a c t o r s  of p r a c t i c a l  s i gn i f i cance  as  f a r  as  the p r e s -  
ent  method  is  conce rned .  

By m e a n s  of a s p e c i a l  dev i ce  the  r e a c t o r  could  
be moved  in the v e r t i c a l  d i r e c t i o n  without d i s t u r b i n g  
the  f lu id i za t ion  cond i t ions ,  thanks  to which the p a r -  
t i c l e  v e l o c i t y  could  be d e t e r m i n e d  at  any c r o s s  s e c -  
t ion  of the  bed.  

The  c i r c u i t  of the  p h o t o e l e c t r o n i c  p a r t  of the 
t r a c k i n g  d e v i c e  had a t ime  cons tan t  T = 0.01 sec .  
Th is  e n s u r e d  the  a l m o s t  i n s t an taneous  r e g i s t r a t i o n  
of the  mo t ion  of the  p a r t i c l e  in the  bed.  The  ac t i v i t y  
of the  l a b e l e d  p a r t i c l e  d id  not exceed  1 pc.  

We conducted  t h r e e  s e r i e s  of e x p e r i m e n t s .  In the  
f i r s t  s e r i e s  we i n v e s t i g a t e d  the  d i s t r i b u t i o n  of v e r -  
t i c a l  p a r t i c l e  v e l o c i t y  in d i f f e ren t  c r o s s  s e c t i o n s  of 
the  bed.  In the  s econd  we d e t e r m i n e d  the  dependence  
of the  v e r t i c a l  p a r t i c l e  ve loc i t y  on the  f lu id i za t ion  
number .  The  e x p e r i m e n t s  w e r e  conducted  at a i r  
v e l o c i t i e s  in t h e  f r e e  c r o s s  s ec t i on  of the r e a c t o r  
of W = 2.4, 2.8, and 3.5 m / s e c .  

The c r i t i c a l  f l u id i za t i on  ve loc i t y  for  the  c a t a l y s t  
was  W c r  = 0.84 m / s e c .  In the  t h i r d  s e r i e s  of e x p e r i -  
m e n t s  we i n v e s t i g a t e d  the  d i s t r i b u t i o n  of h o r i z o n t a l  
p a r t i c l e  v e l o c i t y  in a c r o s s  s e c t i o n  of the  bed. 

The he igh t  of the  s t a t i o n a r y  bed of c a t a l y s t  in the  
r e a c t o r  was the  s a m e  in a l l  the  e x p e r i m e n t s ,  n a m e l y ,  
44 ram. The r a t i o  of the  he ight  of the  bed to the  d i a m -  
e t e r  of the  r e a c t o r  H /D  = 0.73. The in i t i a l  p o r o s i t y  
of the  bed was 0 . 4 0 - 0 . 4 2 .  Upon f l u id i za t i on  of the  
c a t a l y s t  the  l eve l  of the  s t a t i o n a r y  bed r o s e  by 6 - 1 5  
mm.  The gas  d i s t r i b u t o r  had  openings  1 m m  in d i a m -  
e t e r .  The p e r f o r a t i o n  r a t i o  was 2% of the  r e a c t o r  
c r o s s  sec t ion .  The e x p e r i m e n t a l  da t a  ob ta ined  a r e  
p r e s e n t e d  in  F i g s .  2, 3, and 4. 
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F ig .  3. R e l a t i v e  v e r t i c a l  p a r t i c l e  v e l o c -  
i ty a s  a funct ion of the  f l u id i za t i on  n u m -  
b e r  ( c r o s s  s e c t i o n  of bed at  he igh t  0.5 
H f r o m  the  gas  d i s t r i b u t o r ) :  1) at  a d i s -  
t ance  0.1 R f r o m  the  r e a c t o r  ax i s ,  2--  

0.3 R; 3 - -0 .6  R; 4 - -0 .9  R.  

It i s  c l e a r  f r o m  F ig .  2 tha t  the v e l o c i t y  of a p a r -  
t i c l e  d e c r e a s e s  a s  i t  m o v e s  t o w a r d  the wa l l  of the  
r e a c t o r .  The g r e a t e s t  p a r t i c l e  v e l o c i t y  is  found in 
the  c o r e  of t he  bed.  The  p a r t i c l e  v e l o c i t y  in  the  c o r e  

i s  a l m o s t  3 - 4  t i m e s  g r e a t e r  than  c l o s e  to the  wal l .  
As  the p a r t i c l e  m o v e s  ove r  the  he igh t  of the  bed,  i t s  
ve loc i t y  i s  o b s e r v e d  to i n c r e a s e  with d i s t a n c e  f r o m  
the d i s t r i b u t o r .  
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Fig. 4. Distribution of vertical and 

horizontal particle velocities Uv, h 
(mm/sec) in the cross section of 
the bed 0.5 H above the distribu- 

tor: i) vertical velocity at W = 3.5 
m/see, 2 and 3) horizontal veloc- 
ity atW = 2.5 and 2.3 m/sec, re- 

spectively. 

The curves of Fig. 3 show that with increase in 
fluidization number the vertical particle velocity in- 
creases. In the core of the bed the particles preserve 

the maximum value of the velocity. We must there- 

fore assume that entrainment of the fiuidized material 

from the bed begins primarily from the core zone. 
The particle velocity at a fluidization number 

W/Wcr = I, as extrapolation of the curves of Fig. 3 
shows, is equal to zero, which satisfies the condition 

of onset of fluidization. 
The experimental data obtained were used to de- 

termine the dependence of U v on the hydrodynamic 
and geometric conditions of fluidization. This depen- 
dence is satisfactorily described by the following 

empirical equation: 

U v = 0.01 tWcr (2 + h/H) [i. 17 - -  (r/R) ~ (W/Wcr - -  1) 25, 

w h e r e  h, r a r e  the  c o o r d i n a t e s  of the  p a r t i c l e  in the  
bed.  

Th is  f o r m u l a  m a k e s  i t  p o s s i b l e  to  d e t e r m i n e  the 
v e r t i c a l  v e l o c i t y  of a p a r t i c l e  at any point  of the  f lu i -  
d i z e d  bed.  

The critical velocity Wcr, as is known, is a func- 

tion of many parameters (p, v, d, g) ; therefore the 

formula has a generalized sign~" ieance and can be 

used to calculate the particle velocities in a fluidized 

bed with fluidization numbers W/Wcr <_ 5. 
Horizontal v e l o c i t y .  In the  e x p e r i m e n t s  to  o b s e r v e  

the  h o r i z o n t a l  d i s p l a c e m e n t  of the  p a r t i c l e  (the sh ie ld  
was t u r n e d  t h r o u g h  90 ~ we a l s o  ob ta ined  o s c f l l o g r a m s  
with p a i r e d  p u l s e s .  P a i r e d  p u l s e s  of the  s a m e  a m p l i -  
tude  c h a r a c t e r i z e  h o r i z o n t a l  d i s p l a c e m e n t  of the  p a r -  
t i c l e  in a d i r e c t i o n  p e r p e n d i c u l a r  to the  a x e s ,  i . e . ,  
a long  a c h o r d  of the  c r o s s  s e c t i o n  of t he  bed.  

I t  is  c l e a r  f r o m  Fig .  4 tha t  the h o r i z o n t a l  v e l o c -  
i ty ,  l ike  the  v e r t i c a l ,  has  a m a x i m u m  va lue  in the  
c o r e  of the  bed.  As  the  p a r t i c l e  a p p r o a c h e s  the  r e a c -  
t o r  wal l ,  i t s  v e l o c i t y  f a l l s  c o n s i d e r a b l y  and c l o s e  to 
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the wall  i s  equal  to about 0.1 of the core  veloci ty .  
With d e c r e a s e  in  the veloci ty  of the f lu id iz ing  a i r  the 
ho r i aon ta l  pa r t i c l e  ve loc i ty  a lso  dec reases .  

F r o m  a c o m p a r i s o n  of the v e r t i c a l  and hor izon ta l  
ve loc i t i e s ,  with o ther  f lu id iza t ion  condi t ions  equal 
(Fig. 4), it  is c l e a r  that  the ve r t i ca l  Velocity is 3 - 6  
t i m e s  g r e a t e r  than the hor izon ta l  veloci ty .  

The p r e s e n c e  on the hor izon ta l  p a r t i c l e  veloci ty  
o s c i U o g r a m s  of pa i r ed  pu l ses  with d i f ferent  ampl i -  
tudes  shows that the p a r t i c l e s  move not only in a 
d i r ec t i on  p e r p e n d i c u l a r  to the axis  of the opening but 
a lso  at an angle  to it, i . e . ,  a long chords  in  d i f fe rent  
d i r ec t ions .  It follows that  the d i sp l acemen t  of the 
p a r t i c l e s  in  the hor izon ta l  p lane  may be both in  the 
d i r ec t i on  core  ~ wall ~ co re  and in the d i r ec t ion  
wall ~ wall ,  avoiding the co re  of the bed. 

E r r o r  of method. The accu racy  of the expe r imen t  
was m a i n l y  d e t e r m i n e d  by the accuracy  of m e a s u r i n g  
the t ime  i n t e rva l  be tween pu l ses  and the ampl i tude ,  
which were  u sed  to find the ve loc i ty  and the coo rd i -  
na tes  of the p a r t i c l e  in  the bed. Because  of the high 

sens i t iv i ty  of the sc in t i l l a t ion  counters  the e r r o r  of 
the method does not exceed 5%. 

NOTATION 

D--diameter of reactor; d--mean diameter of particle; U v, U h -  
mean verr2cal and horizontal particle velocities; W--mean air velo- 
city in free cross section of reactor; Wet--critical fluidization 
velocity; H--height of stationary bed of catalyst in reactor; h--height 
of cross section of bed; R--radius of bed; r--di=ance of particle 
from reactor axis; t, r--time; p--density of medium; u--kinematic 
viscosity; g--acceleration of gravity. 
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