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An analytic expression is obtained for calculating the relative fluc- 
tuation of the number of particles in a fluidized bed. The fluctuation 
of the number of particles in a bed consisting of glass pc!lets fluidized 
with water has been experimentally investigated, The relative fluc- 
tuations obtained in these experiments are compared with the theore- 
tical values for a fluidized bed and an ideal gas. 

To so lve  p r o b l e m s  of hea t  and m a s s  t r a n s f e r  and 
mix ing  and s e p a r a t i o n  of the  so l id  phase  in  a f lu id ized  
bed i t  is  n e c e s s a r y  to know not only the a v e r a g e  
p o r o s i t y  of the  bed but a l so  d e t a i l s  of i t s  s t r u c t u r e  
and the f luc tua t ions  of p a r t i c l e  dens i ty .  

L �9 

Fig .  1. Schema t i c  of e x p e r i m e n t a l  
a p p a r a t u s .  

In th e g e n e r a l  c a s e ,  i f  the  p a r t i c l e s  a r e  r a n d o m l y  
d i s t r i b u t e d ,  then,  a c c o r d i n g  to Smolukhovsk i i  [2], 
the  p r o b a b i l i t y  of a p a r t i c l e  r e m a i n i n g  within a m e a -  
s u r e d  v o l u m e  V wil l  be 

r/n 

p (n) = "'0 exp[_no]" (1) 
n! 

In a f l u id i zed  bed  the e n t i r e  " p r o b a b i l i t y  m a s s "  
is  d i s t r i b u t e d  in the  i n t e r v a l  of p a r t i c l e  n u m b e r s  f r o m  
0 to n r Since the  sum of  the  p r o b a b i l i t i e s  m u s t  f o r m  
a c o m p l e t e  group ,  p a s s i n g  f r o m  s u m m a t i o n  to  i n t e -  
g-ration, we can  w r i t e  

tzl 
(i n 

p ( n ) - -  ) nr~- !" exp[--n0]dn----1.  (2) 

0 

E x p e r i m e n t  [2] g ives  a n o r m a l  f luc tua t ion  p r o b -  
ab i l i t y  d i s t r i b u t i o n  fo r  a f lu id i zed  bed. F o r  a n o r m a l  
d i s t r i b u t i o n  the d i s t r i b u t i o n  funct ion ,  with account  
fo r  the  " p r o b a b i l i t y  m a s s "  i n t e r v a l ,  has  the  f o r m  [3] 

n~ 

, j' [ ,3, p (n) = a l / ~ _  exp 202 J 
0 

Dif fe ren t i a t ing  (2) and (3) with r e s p e c t  to the uppe r  
l i m i t  and obta in ing  the  joint  so lu t ion  of the r e s u l t i n g  
e x p r e s s i o n s  fo r  a 2, we have  

d 2 

=(tZl--no)2/2, \(tZ a -{- lnl l l~--n i l n n o -  12 l n 2 ~ -  lnz)./ (4) 

A c c o r d i n g  to S t i r l i n g ' s  f o r m u l a  

In nl! = 1 In 2a nl + nl tn nl - -  nl. (5) 
2 

With account  fo r  (5), (4) a s s u m e s  the  fo rm 

G 2 m  

/ n0 

Equat ion (6) can  be used  to ea l eu l a t e  the  v a r i a n c e  
of the  n u m b e r  of p a r t i c l e s  in the  f lu id ized  bed. Since 
the  r e l a t i v e  f luc tua t ion  0 -- e / n o ,  (6) can be t r a n s -  
f o r m e d  to 

6 =  

= nl - -  no . (7) 

l v  2 1.41no no - -  nl + (n~ + l) ln n - L ~  1--- l n n l - - l n 6  
n o 2 

Equat ion (7) can  be used  to ca l cu l a t e  the  r e l a t i v e  
f luc tua t ion  of the  n u m b e r  of p a r t i c l e s  in  the  m e a s u r e d  
vo lume  fo r  al l  f l u id i za t ion  condi t ions  c h a r a c t e r i z e d  
by a n o r m a l  d i s t r i bu t i on .  

The r e l a t i o n  ob ta ined  was e x p e r i m e n t a l l y  v e r i f i e d  
on the a p p a r a t u s  shown s c h e m a t i c a l l y  in F ig .  1. A 
f lu id ized  bed of g l a s s  p e l l e t s  0 .001-0 .002  m in d i a m -  
e t e r  was c r e a t e d  with w a t e r  in a 0.04 • 0.045 m 
co lumn m a d e  of p l a s t i c .  W a t e r  was supp l i ed  to  the  
d i s t r i b u t o r  f r o m  a c o n s t a n t - l e v e l  tank.  The bed was 
t r a v e r s e d  by a b e a m  of l igh t  f r o m  a OI-24 i l l u m i n a t o r .  
The l ight  was  r e c e i v e d  by  a F S K - 2  pho toce l l ,  the  
c i r c u i t  of which inc luded  the  g a l v a n o m e t e r  of a N-700 
o s c i l l o g r a p h .  The cons tan t  component  of the  e l e c t r i c  
s igna l  supp l i ed  to the  N-700 was p a r t i a l l y  chopped by 
i n s e r t i n g  a b a t t e r y  with r e v e r s e  p o l a r i t y .  The chop-  
ped  p a r t  of the  s igna l  r e m a i n e d  cons tan t  in  magn i tude  
in a l l  the  e x p e r i m e n t s  and was equal  to c = 0.108 m 
of de f l ec t i on  of the  g a l v a n o m e t e r  b e a m  on the o s c i l -  
l o g r a p h  cha r t .  

Thus ,  the  v a r i a t i o n  of the  n u m b e r  of p e l l e t s  in  the  
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Results of Calculation of 
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18,5 
17.9 
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24.6 

391 
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0.0445 
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0,0450 

0,0542 
0.0421 
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0.0307 

0.0432 

0.0469 

0,0483 
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m e a s u r e d  vo lume  was c o n v e r t e d  into an e l e c t r i c  
s igna l  r e c o r d e d  on the  o sc i l l og raph ,  whose  c h a r t  a l so  
d i s p l a y e d  t i m e  m a r k s  e v e r y  0.5 sec .  

2 
~.0 _q__.. ~ --~-- - -v-  ~ .  " "  

35 i ~- 
20 ,.70 ,~0 $0 6'0 70 ~70 Z- 

Fig .  2. L a m p  c u r r e n t  I (A) as  a funct ion 
of the  m e a n  de f l e c t i on  of the  g a l v a n o m -  
e t e r  b e a m  on the  o s c i l l o g r a p h  c h a r t  L 
(mm) fo r  the  bed  he igh t s  of: 1) 0.070 m,  

2) 0.089 m,  and 3) 0.115 m. 

The  e x p e r i m e n t s  w e r e  conducted  at d i f fe ren t  w a t e r  
supply  r a t e s .  The  he igh t  of the  bed,  m e a s u r e d  with 
a KM-6  e a t h e t o m e t e r ,  v a r i e d  f r o m  0.03 m for  the  
s t a t i o n a r y  bed  to 0.115 m at the  m a x i m u m  r a t e  of 
w a t e r  supply .  The  i l l u m i n a t o r  l amp  was supp l i ed  
f r o m  a f e r r o - r e s o n a n c e  s t a b i l i z e r .  A c l a s s - 0 . 1  a m -  
m e t e r  was used  to check  the  cons tancy  of the  c u r r e n t .  

Dens i ty  f luc tua t ions  w e r e  r e c o r d e d  at  d i f fe ren t  
i n t e n s i t i e s '  of i l l u m i n a t i o n  ( i .e . ,  a t  d i f f e r en t  l a m p  
c u r r e n t s )  unde r  the  s a m e  h y d r o d y n a m i c  condi t ions .  
The o s c i l l o g r a m s  obta ined  we re  examined  by the 
m e t h o d s  of m a t h e m a t i c a l  s t a t i s t i c s .  On t h e s e  o s c i l -  
l o g r a m s  we m e a s u r e d  the  dev i a t i ons  of the  c u r v e  
f r o m  the  b a s e  l ine  e v e r y  h a l f - s e c o n d .  The  v a l u e s  
of t h e s e  d e v i a t i o n s  w e r e  i n c o r p o r a t e d  in  d i s t r i b u -  
t ion  t a b l e s .  On the  b a s i s  of t h e s e  d i s t r i b u t i o n  t a b l e s  
we c a l c u l a t e d :  the  a r i t h m e t i c  m e a n  dev ia t i on  ~ ,  the  
v a r i a n c e  aa e,  and the s t a n d a r d  dev ia t ion  ~e- 

The  dependence  of L on the l a m p  c u r r e n t  (Fig.  2) 
i s  l i n e a r .  Th i s  s u g g e s t s  that  the  m e a n  dev i a t i on  and 
the  f luc tua t ions  of the  p h o t o c e l l  c u r r e n t  a r e  l i n e a r l y  
r e l a t e d  with the  n u m b e r  of p a r t i c l e s  in  the m e a s u r e d  
vo lume .  

Hence ,  the  m e a n  de f l e c t i on  of the  g a l v a n o m e t e r  
b e a m  on the  o s c i l l o g r a p h  c h a r t  L and the  m e a n  num-  
b e r  of p a r t i c l e s  in  the  m e a s u r e d  vo lume  no a r e  r e -  
l a t e d  by the e x p r e s s i o n  

no = A ( s  (8) 

while  fo r  the  s t a n d a r d  d e v i a t i o n  of the  n u m b e r  of  
p a r t i c l e s  we have  

= A ~e- (9) 

In v iew of (3) and (9), the  e x p r e s s i o n  fo r  c a l c u l a t i n g  
the  r e l a t i v e  f l uc tua t ion  f r o m  the  e x p e r i m e n t a l  da t a  
t a k e s  the  f o r m  

= ,%I(L. + c) = ,~/no, (10) 

F o r  the  s a m e  h y d r o d y n a m i c  cond i t ions  (H = const)  
5 m u s t  be  a c o n s t a n t  and independen t  of the  i l l u m i n a -  
t i on  of the  bed.  Subs t i tu t ing  into  (10) the  v a l u e s  of 

O.O6 

O.05 

0.00 

0.O3 

L and ae  obta ined  in  the  e x p e r i m e n t s  fo r  a s ing le  
f iu id i za t ion  r e g i m e  at  d i f fe ren t  i l l umina t ions ,  we can  
ca l cu l a t e  the m e a n  va lue s  of 5 f r o m  the e x p e r i m e n t a l  
data  ( see  the table) .  

To c o m p a r e  the e x p e r i m e n t a l  va lues  of 6 with t hose  
c a l c u l a t e d  f r o m  (7), i t  i s  n e c e s s a r y  to have  da t a  on 
the  m e a n  n u m b e r  of p a r t i c l e s  in the  m e a s u r e d  vo lume  
c o r r e s p o n d i n g  to the found va lues  of 6. 

In the  f i r s t  a p p r o x i m a t i o n  we may  a s s u m e  tha t  the 
p a r t i c l e s  a r e  d i s t r i b u t e d  u n i f o r m l y  ove r  the  e n t i r e  
vo lume  of the  bed ( ideal  f lu id ized  bed). The m e a n  
n u m b e r  of p a r t i c l e s  fo r  the  idea l  bed 

N 
n o = V, (11) 

s i t  

where  V is  t aken  as  the  vo lume of the  c y l i n d e r  cut  
out of the bed by the  pho toce l l  a p e r t u r e .  

By subs t i t u t ing  into (11) the  he igh t  of the  compac t  
bed H = 0.03 m we obta ined  the va lue  n I = 1506, the  
n u m b e r  of p a r t i c l e s  in  the  m e a s u r e d  vo lume  for  a 
c o m p a c t  bed.  

V a l u e s  of no c a l c u l a t e d  f r o m  (11) and the  c o r r e -  
sponding 5 a r e  p r e s e n t e d  in  the  t ab l e  and F ig .  3. The 
f i gu re  a l so  shows the  dependence  of the  r e l a t i v e  f luc -  
tua t ion  6 on the m e a n  number  of p a r t i c l e s  in the  m e a -  
s u r e d  vo lume  compu ted  f r o m  (7) for  n z = 1506. 

As  m a y  be seen ,  the  e x p e r i m e n t a l  po in ts  a r e  
g rouped  c l o s e l y  about  the  e x p e r i m e n t a l  cu rve .  The 
b r o k e n  l ine  shows the r e l a t i v e  f luc tua t ion  of the num-  
b e r  of p a r t i c l e s  in  an idea l  gas  c a l c u l a t e d  f r o m  the 
equa t ion  5 = ! / ( n ~ .  

C l e a r l y ,  the  c o u r s e  of the  c u r v e s  is  qui te  d i f f e ren t  
and only on a c e r t a i n  s m a l l  i n t e r v a l  of va lue s  of n o 
do the  f luc tua t ions  a p p r o a c h  each  o ther .  

' \ \  
k x  % 0--0 

- . 2  

3oo ~oo 500 6oo n o 

Fig .  3. V a r i a t i o n  of r e l a t i v e  
f luc tua t ion  as  a funct ion of 
m e a n  n u m b e r  of p a r t i c l e s :  1) 
c a l c u l a t e d  fo r  a f l u id i zed  bed,  
2) fo r  an idea l  gas ,  3) e x p e r i -  

m e n t a l  po in t s .  

NOTATION 

n--number of particles in measured volume, n0--mean number 
of particles, nt--number of particles in measured volume for com- 
pact bed, p(n)--probability of remaining in measured volume, o-- 
standard deviation of number of particles, ~--mean deviation of 
galvanometer beam on oscillograph chart, H--height of bed, N-- 
number of particles in bed, s-cross-sectional area of free column, 
~e--standard deviation of galvanometer beam on osciliograph chart, 
5--relative fluctuation. 
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