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EXPERIMENTAL DETERMINATION OF THE POROSITY FIELD IN A FLUIDIZED 

BED BY THE RADIOISOTOPE METHOD 

N. N. Prokhorenko and S. A. Tikhomirov UDC 66.096.5:537.2.24 

We propose a method for constructing the concentration field of the solid phase 
in a disperse system which differs from conventional methods in that performing 
the measurements does not affect the hydrodynamics of the system. 

The experimental method of constructing the concentration field of the solid phase or 
the porosity of a disperse system is based on the measurement of the spatial coordinates of 
a representative particle tagged with the isotope ~~ [i]. It was shown in [i] that a 
coordinate can be measured to an accuracy of • -3 m in apparatus of diameter D = 0.25 
m and height 0.75 m. The accuracy of the measurement of a coordinate can be increased by an 
order of magnitude by increasing the response speed of scintillation counters to 10-7-10 -8 
sec with an efficiency no worse than 10%. With such scintillators the absolute velocity of 
a particle can be determined with a probable accuracy of • -2 m/sec. 

The concentration field of the solid phase or the porosity is determined experimentally 
by using an empirical probability density distribution function, the histogram of the random 
vector with components x, y, z, Ixl ~ D/2, IYl ~ D/2, 0 ~ z < ~. 

In constructing a histogram it is necessary to solve three fundamental problems: i) 
into what sized cells should the coordinate axes be divided; 2) how many measurements should 
be made of the random quantity, i.e., what should the sample size be; 3) what are the 
necessary conditions to ensure mutual independence, in the probabilistic sense, of the mag- 
nitudes of any two measurements. 

A cell in which the porosity is measured should contain enough (N) granules to permit 
neglecting the statistical fluctuations of the porosity, the relative fraction of which is 
determined by the magnitude of i/~ [2]. On the other hand, the size of a cell is fixed 
from below by the accuracy of the measurement of the coordinate of the tagged particle. 
In our case we chose a 2"10 -2 m cell. 
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Fig. i. Experimental porosity field in apparatus with D = 
0.25 m: a) d = 4"10 -~ m, PT = 1.14"103 kg/m3 (aluminosili- 

care), cross section ~ = 0.057, Ww = 1.27 m/set, Wcr = 1.01 
m/set, G = 3.6 kg, hz = Ar = 2"10 -2 m; b) d = 4"10 -3 m, 

PT = 1.14"103 kg/ms, ~ = 0"057,Ww= 1.55 m/set, Wcr = 1.01 
m/set, G = 1.82 kg, hz = Ar = 2"10 -2 m. z and r are in m. 

The sample size, i.e., the time of the experiment, depends strongly on the dimension- 
aiity of the random vector. Therefore, we took measures to decrease the dimensionality. 

This was achieved by using the symmetry of the gas distribution in the empty apparatus and 
consequently the symmetry in the time average of all field variables of the fluidized bed. 

Mathematically this implies transformation to cylindrical coordinates 

x, y ,  z ~ z ,  r, r = V ~ + y  2 

and the assumption that the field variables are independent of the angle O. 

If M is the number of cells along the r axis, M = D/fAr, and L is the number of cells 
along the z axis, L = Hmax/AZ , Az = hr = 2"10 -2 m, then in accordance with the recommenda- 
tions in [3], the optimum number of measurements of the random vector is of the order (ML) 2 
We note that at the beginning of the experiment, when the fluidization process is developing, 

the maximum height of the surges Hma x was determined visually, and then the number L was 
calculated. The transformation to the symmetry of the field variables and the method of 
calculating L for the actual bed enabled us to decrease the length of a single experiment to 

2-3 h. 

The question of the correctness of the construction of the histogram was solved purely 
instrumentally. Each measurement of the z and r coordinates of the tagged particle consists 
of two operations: the accumulation of the number of current pulses from the gamma counters 
over 5"10 -3 sec, and the processing of these readings on a minicomputer over 1.67 sec. 
Since this time is substantially longer than the time between two pulsations of the bed, 

we can conclude that two neighboring measured locations of the tagged particle are inde- 
pendent. 

The experiment yielded a large block of ~(4 ]) numbers of the entrances of the tagged 
particle into cell number (i, j), where i is the number of the cell along the r axis, and j 
is the number along the z axis: 

M t 

t ~ l  ]=1 

The magnitude of the porosity was found from 

G~ (i, ]) 
( i ,  i )  = 1 

2 ~pTAZAr2i ( M  • L) 2 

The error of the measurement of the porosity in the chamber of the apparatus was de- 
termined on a model bed with the system parameters shown in Fig. la. The modeling consisted 
in trying to obtain a uniform fluidization regime near the critical state of the bed. 
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It can be seen from Fig. la that for j = i and i ~ i ~ 6 the values of the porosity 
are more uniform and differ less from one another than in the other cells. This is accounted 
for by the dominating effect of the uniform gas distribution on the bed of granular material 
in the first cell along the z axis. Therefore, it is expedient to calculate the error of 
the measurement of the porosity from 

6 ~  maxe(i ,  ] =  l) - -  min e (i, ] =  l) .100 % = 0 . 7  %. 
maxe(i,  ] = l) 

At the  upper  boundary  o f  the  f l u i d i z e d  bed ,  above  which  ~ = 1, we d e t e r m i n e  the  e r r o r  
from 

6 =  1 - - m i n e ( i ,  j = 6 )  .100% = 2 . 7 % .  
1 

These c a l c u l a t i o n s  e n a b l e  us to s t a t e  t h a t  our  measurement  o f  t he  t ime a v e r a g e  of  the  p o r o s i t y  
f i e l d  i s  i n  e r r o r  by no more than  3%. 

The method p r o p o s e d  f o r  m e a s u r i n g  the  t ime a v e r a g e  o f  the  p o r o s i t y  f i e l d  e n a b l e d  us to 
make a q u a n t i t a t i v e  c o m p a r i s o n  of  t he  c a l c u l a t e d  [4] and e x p e r i m e n t a l  v a l u e s  o f  c e r t a i n  
c h a r a c t e r i s t i c  s c a l e s  o f  a f l u i d i z e d  m ~ n o d i s p e r s e  bed.  I n  the  p r e s e n t  a r t i c l e  we a r e  c o n -  
c e r n e d  w i t h  the  c h a r a c t e r i s t i c  s c a l e s  Z, R, and Ro [ 4 ] ,  t he  f i r s t  two of  which c h a r a c t e r i z e  
the  l i n e a r  d imens ions  o f  the  f i l l  t o  t he  c o n s t a n t  h e i g h t  z above t h e  g r i d  of  the  a p p a r a t u s ,  
and the  l a s t  d e t e r m i n e s  the  d i m e n s i o n s  o f  the  r e g i o n s  above t he  g r i d  which  a r e  f r e e  o f  p a r -  
t i c l e s  o f  g r a n u l a r  m a t e r i a l  which  a r e  s t a t i o n a r y  w i t h  r e s p e c t  to  z .  

Le t  us r e c a l l  t h a t  t h e s e  t h r e e  c h a r a c t e r i s t i c  s c a l e s  d e s c r i b e  t h e  g e i m e t r y  o f  the  s t r u c -  
t u r e  o f  the  f l u i d i z e d  bed i n  the  r e g i o n  n e a r  t he  g r i d  0 K z K ~, where Z i s  t he  c h a r a c -  
t e r i s t i c  dep th  o f  the  f i l l  [ 4 ] .  The e x p r e s s i o n  of  t h e s e  s c a l e s  i n  terms of  the  p r i m a r y  
v a r i a b l e s  o f  the  p rob lem of  the  p o r o s i t y  f i e l d ,  t he  v e l o c i t y  o f  the  gaseous  p h a s e ,  t he  p r e s -  
s u r e  f i e l d  i n  i t ,  and the  p r o b a b i l i t y  d e n s i t y  d i s t r i b u t i o n  f u n c t i o n  o f  s o l i d  p a r t i c l e s  i n  
g e o m e t r i c  and k i n e m a t i c  space  were d e r i v e d  in  [4] by assuming  t h a t  the  p r e s s u r e  of  the  
g a s e o u s  phase  above the  g r i d  does n o t  v a r y  w i t h  r ,  and t h a t  the  f low r a t e s  o f  the  ga seous  
phase  t h r o u g h  the  p a r t  o f  t he  g r i d  o c c u p i e d  by the  f i l l  of  p a r t i c l e s  and the  p a r t  f r e e  o f  i t  
a r e  commensurab le .  

F i g u r e  lb  shows the  t ime a v e r a g e  o f  t he  p o r o s i t y  f i e l d  o f  t he  bed w i t h  the  p a r a m e t e r s  
l i s t e d  on t he  f i g u r e .  The v a l u e s  of  vR~ and Ro were d e t e r m i n e d  o v e r  the  c r o s s  s e c t i o n  o f  t he  
r i n g  R a K r K Rb above  which  an i n c r e a s e  i n  p o r o s i t y  i s  o b s e r v e d .  The v a l u e  o f  R was de -  
t e r m i n e d  s i m i l a r l y .  The e x p e r i m e n t a l  and c a l c u l a t e d  v a l u e s  o f  t he  c h a r a c t e r i s t i c  s c a l e s  c o n -  
s i d e r e d  agree within 20%. 

NOTATION 

~, porosity; x, y, z, components of position vector of tagged particle; D, Hmax, di- 
ameter and height of fluidized bed apparatus; G, weight of bed; d, 0T, diameter and density 
of fluidized bed particles; Ww, Wcr, working and critical fluidization speeds; Z, R, Ro, 
characteristic scales of fluidized bed. 
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