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The effect of a var ie ty  of factors  (gas velocity, catalyst  grain size, initial height of the bed, 
and res is tance  of the gas distributor) on the t r ansve r se  nonuniformity in the distribution of 
inhomogeneity in a pseudo-fluidized bed is considered.  A method is proposed for analyzing 
experimental  data so as to est imate the degree of this nonuniformity. 

The nonuniformity in the distribution of gas flows over the c ross  section of a pseudo-fluidized bed is 
largely determined by the dimensions of the apparatus and the construction of the gas-dis tr ibut ing devices 
[1]. The efficiency of contact sys tems is accordingly great ly  reduced [2]. 

In car ry ing  out catalytic p rocesses  in a pseudo-fluidized bed, it is usual to make the flows as uniform 
as possible.  Each different p rocess  is charac te r ized  by its own par t icular  optimum degreeof  inhomogeneity 
in the bed. 

The inhomogeneity of the bed and the uniformity of its distribution over the c ross  section of the lat ter  
give r i se  to the concept of "s t ruc ture  quality," which charac te r i zes  the contact between the gas and the solid 
phase in the main volume of the active mater ia l .  

We may thus approach the problem of determining the degree of uniformity in the distribution of in- 
homogeneity over the c ros s  section of the bed by considering the relative fluctuation in the local density [3] 

= . iooo/o ,  (1) 
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as a quantitative charac ter i s t ic  of the inhomogeneity of the pseudo-fluidized bed, wherel'A-'p-] is the s tat is-  
tical mean absolute deviation of the density f rom its mean value p. 

The resul ts  of our measurements  were analyzed b y m e a n s  of an analog computer,  the MN-7, using 
the principle of separating the varying component of the signal spect rum f rom the steady component with 
the help of a high-frequency fil ter [3]. 

The stat ist ical  collection t ime T for the steady and var iable  components of the signal u= and uN was 
taken as 60 sec.  

The operation of pre l iminary  division into t ime intervals T in order  to obtain the average values was 
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thus not required, since 
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Fig .  1. D i s t r i b u t i o n  of the r e l a t i v e  dens i ty  f luc tua t ion  5, % over  
the c r o s s  sec t ion  of the bed on p lac ing  the s e n s o r  at h x = 80 m m  
(a) or 160 m m  (b). Height of the bed H 0 = 200 ram.  F r a c t i o n -  
a l u m i n o - s i l i c a t e  [1) 0.38 m/see ;  2) 0.44; 3) 0.48; 4) 0.52; 5) 

o.571. 

The  r e l a t i v e  f luc tua t ion  6 was m e a s u r e d  at 17 po in ts  d i s t r i bu t ed  over  the d i a m e t e r  of the bed (in a 
s y s t e m  of d i a m e t e r  0.9 m) .  

The  height  at  which the capac i t i ve  s e n s o r  (of rod  cons t ruc t i on )  was  p laced  above the g a s - d i s t r i b u t i n g  
s y s t e m  equal led  h x = 80 ram, s ince  at th i s  height  the dynamic  effect of the gas j e t s  had no a p p r e c i a b l e  ef-  
fec t .  

A conven ien t  i nd ica to r  of the u n i f o r m i t y  in the d i s t r i b u t i o n  of inhomogene i ty  is the v a r i a t i o n  coef f ic ien t  
A ( 6 ) ,  which is to the r a t i o  of the m e a n  s q u a r e  devia t ion  ~<5) to the a r i t h m e t i c  m e a n  va lue  of 6: 

whe re  

6 = (fin) Z 
i = !  

h < ~ > =  (~ ( 5 )  .100o/o ' (3) 
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n 

5 i (i = 1, 2 . . . . .  n) is  the n u m b e r  of m e a s u r e m e n t s  made  in the space .  

E x p e r i m e n t s  w e r e  c a r r i e d  out with two g r a n u l a r  m a t e r i a l s  used  unde r  i n d u s t r i a l  condi t ions :  

1. A w e a r - r e s i s t a n t  v a n a d i u m  c a t a l y s t  in a l u m i n o s i l i c a t e  with a m e a n  g r a i n  d i a m e t e r  of d = 0.75 m m  

(0.5 << d << 1.0) and an a p p a r e n t  dens i ty  Pk = 1460 kg /m 3. 

2. A l u m i n o s i l i c a t e ,  d = 1.5 m m  (1.0 << d<< 2.0), Pk 1100 kg/m 3. In i t i a l  height  of the bed H 0 = 100-400 

m m .  

The gas d i s t r i b u t o r  was a double p e r f o r a t e d  la t t i ce  with s t a g g e r e d  a p e r t u r e s .  The p r o p o r t i o n  of the 
ac t ive  sec t ion  go = 2.4%, the d i a m e t e r  of the holes  d o = 3.4 ram, the d i s t ance  be tween  them t = 20 ram.  

F i r s t  of a l l  i t  was e s s e n t i a l  to v e r i f y  the s e n s i t i v i t y  of the method  employed  with r e s p e c t  to the d e t e r -  
m i n a t i o n  of l o w - m o b i l i t y  zones  in the bed.  For  this  pu r pose  we m e a s u r e d  6 a long the p e r i m e t e r  of the ap-  
p a r a t u s  above the la t t ice ,  with a s e a m  of width 2t cove r ing  the a p e r t u r e s .  

Us ing  the p r o p o s e d  method  we de tec ted  the f o r m a t i o n  of a s t agna t ion  zone in this  ca se  (Fig. 1). How- 
ever ,  with the s e n s o r  at a height  of h x = 160 m m  the effect of the s e a m  was ha rd ly  fel t  at  a l l .  

The  fo rego ing  m e a s u r e m e n t s  show that,  if the d i s t r i b u t i o n  of the inhomogene i ty  at a height  of h x = 80 
m m  is un i fo rm,  then t he r e  wi l l  be  no a p p r e c i a b l e  changes  in the p ro f i l e  of the dens i ty  pu l s a t i ons  over  the 
height  of the bed,  a l though the extent  of the inhomogene i ty  wil l  i n c r e a s e  s u b s t a n t i a l l y .  The i n c r e a s e  in the 
inhomogene i ty  of the bed with r e s p e c t  to the height  of the l a t t e r  o b s e r v e d  dur ing  the m e a s u r e m e n t s ,  and 
a l so  the changes  taking p lace  on i n c r e a s i n g  the ve loc i ty  of the gas (Figs .  1 and 2) and the g r a i n  d i a m e t e r ,  
in no way c o n t r a d i c t  the r e s u l t s  p r e s e n t e d  in [1, 3]. 
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Fig. 2. Distribution of relat ive density fluctuation 5, % over the c ros s  section 
of the bed (height of the bed H 0 = 400 ram; f r a c t i o n -  catalyst):  1) 0.25 n~/sec; 
2) 0.30; 3) 0.35; 4) 0.40. 

Fig. 3. Effect of the pseudo-fluidization number N and the lattice res is tance  
AP d, N/m 2 on the uniformity of the inhomogeneity distribution through the c ros s  

! 
section of the bed (AP d for the pseudo-fluidization of the catalyst ,  AP d for the 
pseudo-fluidization of the alumino-si l icate):  1) H 0 = 100 ram; 2) 200; 3) 300; 
4) 400. Black symbols indicate the d = 0.75 mm fraction, light symbols  d = 1.5 
m m .  

The profi les of the relat ive pulsations 6 thus obtained (Fig. 2) a re  fa i r ly  stable. Visual observations 
of a bed with a nonuniform distribution of gas over its c ro s s  section indicate that the regions in which most  
of the motion of the bubbles occurs  a re  stable in t ime. The mean degree of inhomogeneity increases  with 
increasing velocity of the gas .  For  a constant gas velocity and a constant height h x, the value of 6 var ied  
ve ry  little for initial bed heights of H 0 = 200-400 ram, although for  H 0 = 100 mm the absolute value was 
g rea te r .  This was due to the fact that for H 0 = 100 mm the sensor  lay a lmost  on the surface,  at which, of 
course ,  there was a considerable  increase  in the size o f  the gas bubbles before they passed out f rom the 
bed. 

The resul ts  of our investigations into the distribution of the inhomogeneity with respect  to the c r o s s  
section of the bed (Fig. 3) show that: 

1) A bed of mater ia l  with grains  of diameter  d = 1.5 mm is fluidized more  stably throughout the whole 
c r o s s  section of the bed, and the nonuniformity index A<5> is low in this case,  even for  a veloci ty 
close to the veloci ty at the onset of fluidization; 

2) for a catalyst  bed, with d = 0.75 mm, there is a much grea te r  nonuniformity, indicating its ten- 
dency to form channels and stagnant zones; 

3) with increasing gas velocity the uniformity of the flows increases  and the bed s ta r t s  working uni- 
formly.  An increase  in the initial height of the bed causes  no marked changes in the distribution 
of the flows with respec t  to the c ross  section of the bed. 

In a number of papers  [4-6] the res i s tance  of the g a s -  distr ibutor  sys tem APd is t rea ted  as equal to the 
res is tance  of the bed AP d AP b. 

On reaching uniform fluidization the relat ive res is tance  for the d = 1.5 mm fract ion was APd /AP b 
= 2.0-0.4 and for the d = 0.75 mm fract ion APd /AP b = 0.98 -- 0.21. This indicates that the res i s tance  of the 
lattice should not in fact be equated to the res is tance  of the bed. The gas-regula t ing action of the lattice 
res i s tance  is apparently determined principally by the composit ion of the bed mater ia l  and the velocity of 
the supply gas, not by the initial height of the bed. 

We note that any increase  in the res i s tance  of the gas distr ibutor above that which is neces sa ry  for  
the uniform feeding of the fluidizing agent into the bed does not produce any increase  in the uniformity of 
the gas flows, but leads to additional energy losses .  
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is the relative density fluctuation, %; 
is the statistical ari thmetic-mean value of the instantaneous density of the bed p(T), kg/m3; 
is the statistical absolute mean deviation of the density from its average value p, kg/m3; 
is the statistical collection time, sec; 
a re  the varying and steady signal components, V; 
is the variation coefficient, %; 
is the mean grain diameter, ram; 
is the apparent density, kg/m3; 
is the initial height of the bed, mm; 
is the number of readings over the whole space; 
is the distance of the measuring point from the axis of the apparatus, ram. 
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