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The effectiveness of the fluctuation method of determining the mixing coefficient D as well as 
the feasibility of automating the measurements and the subsequent data evaluation are con- 
firmed experimentally on a "one-grain-thick" model. 

The random mixing of solid particles in a fluidization bed is characterized by the effective mixing 
(diffusion) coefficient D. Earlier methods of determining this quantity [1-8] were based on measuring how 
the space distribution of labeled particles changes with time and comparing the test data with theoretical 
data obtained from the transient diffusion model of the process. Such methods are suitable for practical 
purposes when measurements are made at low values of D, when the changing concentration distribution 
of labeled particles can be measured a few times before steady-state has been reached. In addition to 
procedural difficulties, there are also some fundamental problems involved here in regard to the applica- 
bility and the suitability of the diffusion model itself [9]. It has been shown in the authors' earlier studies 
that the motion of a single particle can be broken down into a circulation, together with adjacent particles, 

and a pulsation; the characteristic parameters of both modes Vcirc and Dpuls respectively have been de- 
fined in [!0]. Naturally, one may ask which of these two parameters determines the overall mixing rate 
of the solid phase in the apparatus as a whole. 

We believe it worthwhile to analyze these problems in terms of two-dimensional "one-grain-thick" 
models [10-12], which represent the simplest and most convenient to analyze systems. On such models it 
will also be easy to develop and prove out basically new measuring procedures. 

The models used here were made up of Plexiglas beakers rectangular in cross section and contain- 
ing aluminum disks, the thickness of each disk slightly smaller than the width of the beaker. A bed was 
fluidized by means of a rising stream of water. For comparison with an air-induced fluidization bed, the 
governing Archimedes number was lowered by mixing the water with high-viscosity glycerine. Since such 
solutions are very hygroscopic and, besides, their viscosity depends strongly on the temperature, we 
maintained their composition constant during a test by keeping the circulation system (reactor-pump) 
closed with the viscosity of the circulating solution checked periodically and by holding the temperature 
cons tan t .  The c r o s s - s e c t i o n a l  a r e a  of a b e a k e r  was 150 • �9 10 -6 m 2 and i ts  height  was  0.48 m. The d i -  
a m e t e r  of the a l u m i n u m  d i sks  was 8 m m  and the i r  t h i cknes s  was 3.8 m m .  The tota l  n u m b e r  of d i sks  in 
such a t w o - d i m e n s i o n a l  f lu id iza t ion  bed  was 200. The v i s c o s i t y  of the so lu t ions  was v a r i e d  f r o m  1 �9 10 -6 
m 2 / s e c  (water) to 50" 10 -6 m 2 / s e c  (90% g l y c e r i n e  with 10% water )  and the A r c h i m e d e s  n u m b e r  v a r i e d  c o r -  
r e s p o n d i n g l y  f r o m  1.3 �9 107 to 4.7 �9 103. The flow and the m i x i n g  of p a r t i c l e s  were  s tudied  with the aid of a 
k i n e m a t o g r a p h  taking 36-48 f r a m e s / s e c  of the e n t i r e  bed and by s u b s e q u e n t l y  e x a m i n i n g  each f r a m e  m a g n i -  
fied and p r o j e c t e d  on a s c r e e n .  F r o m  the m a r k e r s  deno t ing  s u c c e s s i v e  pos i t i ons  of the c e n t e r  of a l abe l ed  
p a r t i c l e  on each s u c c e s s i v e  f r a m e ,  we p lo t ted  b r o k e n  l i n e s  r e p r e s e n t i n g  the t r a j e c t o r y  of this  p a r t i c l e .  By 
v a r y i n g  the eva lua t ion  t ime  i n t e r v a l  A~- (every f r a m e ,  then e v e r y  second  f r a m e ,  e v e r y  th i rd  f r a m e  . . . .  ), 
w e  c o n s t r u c t e d  for  each f lu id i za t ion  mode  a cu rve  of the a v e r a g e - o v e r - t h e - i n t e r v a l  ve loc i ty  ~ = A l / A T  as  
a func t ion  of A'r in ~, 1/~A-r c o o r d i n a t e s  [10, 11], a c c o r d i n g  to the equat ion  
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1 
v = Vcirc + t/Dpuls �9 1 / '~-  (1) 

and then d e t e r m i n e d  the sought  p a r a m e t e r s .  Values  of the o r d e r  of 9 �9 10 -2 m / s e c  for  Vcirc and 0.6 �9 10 -4 
m 2 / s e c  for  Dpuls  w e r e  ob ta ined  at  a f lu id i za t ion  n u m b e r  f r o m  2 to 4 with w a t e r  and with up to 70% g lyc -  
e r i n e  so lu t ions  in wa te r .  With the m o s t  v i s c o u s  so lu t ion  of 90% g l y c e r i n e  in w a t e r  the r e s p e c t i v e  va lues  
w e r e  Vcirc ~ 5 . 1 0  -2 m / s e c  and Dpuls  ~ (0.1-0.2) �9 10 -4 m 2 / s e c .  F o r  each poin t  on the s t r a igh t  l ine  (1) we 
p r o c e s s e d  100-1.50 f r a m e s  and even  th is ,  in addi t ion  to b e i n g  v e r y  l a b o r i o u s ,  was not adequate  enough for  
the d e s i r e d  a c c u r a c y .  We did not  i m m e d i a t e l y  suc c e e d  in our  a t t e m p t s  to m e c h a n i z e  and au tomate  the 

p r o c e s s i n g  of t es t  data.  

In o r d e r  to m e a s u r e  the m i x i n g  coef f ic ien t  r e f e r r e d  to g r a i n s  throughout  an e n t i r e  bed,  we f i r s t  t r i ed  
our  conven t iona l  me thods .  In o r d e r  to p roduce  a "homogeneous  s o u r c e , "  15 of the 200 d i sks  were  pa in ted  
and,  c o m p r i s i n g  the lowes t  row of p a r t i c l e s ,  we re  held  in th is  pos i t i on  with a spec i a l  dev ice  (hor izonta l  
wire) .  Af t e r  f lu id iza t ion  had begun ,  the w i r e  was  qu ick ly  wi thdrawn s o  that the l abe led  p a r t i c l e s  were  now 
f ree  to move  upward  and mix  with the o the r  ones .  

F o r  s c a n n i n g  the k i n e m a  f r a m e s ,  the bed  was v e r t i c a l l y  subdiv ided  into 10 m m  high l a y e r s  and the 
n u m b e r  of l abe l ed  p a r t i c l e s  n(x) was counted  f r o m  l eve l  0 to he ight  x. A sample  count  is  shown in Tab le  1. 

A c c o r d i n g  to the data  in Tab le  1, the mix ing  of a so l id  phase  in  a t w o - d i m e n s i o n a l  mode l  r e t a i n e d  a l l  
the b a s i c  c h a r a c t e r i s t i c s  o b s e r v e d  in a conven t iona l  t h r e e - d i m e n s i o n a l  bed.  La be l e d  p a r t i c l e s  ro se  in 
g roups  or  "packets"  of 5 to 10. These  g roups  d i s p e r s e d  and then aga in  a g g l o m e r a t e d .  Thus ,  a f t e r  1 /8  

sec ,  in the bo t tom l a y e r  up to x = 0.01 m the re  r e m a i n e d  only  one p a r t i c l e  while  a group of 12 p a r t i c l e s  
a p p e a r e d  be tween  x = 0.02 m and x = 0.04 m.  Af t e r  i sec  be t w e e n  x = 0.04 m and x = 0.05 m the re  a p p e a r e d  
a group of 7 l abe l ed  p a r t i c l e s ,  while  up to x = 0.01 m t he r e  r e m a i n e d ,  as  be fo re ,  only one p a r t i c l e .  On 
the l a s t  f r a m e ,  a f t e r  6 sec ,  the l abe l ed  p a r t i c l e s  had d i s t r i b u t e d  t h e m s e l v e s  r a t h e r  u n i f o r m l y  ove r  the 
height  up to x = 0.19 m,  but  in the bo t tom l a y e r  up to x = 0.01 m the re  had a c c u m u l a t e d  4 p a r t i c l e s .  

F r o m  the a p p r o x i m a t e  f o r m u l a  

D , ~  Hz (2) 
~2 T .r 

and c o n s i d e r i n g  that  a l m o s t  comple te  m i x i n g  has  taken  p lace  up to the H = 0.2 m height  wi th in  ~" = 4 sec ,  
one can roughly  e s t i m a t e  the va lue  of the o v e r a l l  m i x i n g  coef f i c ien t  for  the e n t i r e  bed:  D ~ 1 �9 10 -3 m 2 / s e c ,  
which is  by one o r d e r  of magn i tude  h i g h e r  than Dputs  c h a r a c t e r i z i n g  the " v i b r a t o r y"  mot ion  of a s ing le  
p a r t i c l e .  The m e a s u r e d  va lue  of D came  c l o s e r  to a n  e s t i m a t e  b a s e d  on the group c i r c u l a t i o n  ve loc i ty  of 

p a r t i c l e s :  

TABLE 1. D i s t r i b u t i o n  of La be l e d  P a r t i c l e s  in Hor i zon t a l  L a y e r s  
of a F l u i d i z a t i o n  Bed.  F l u i d i z i n g  Agent :  G l y c e r i n e  (70%) and Wate r  
(30%). Height  of Suspens ion  L a y e r  0.23 m 

x.i0%m 0,125 0.250 t 0.625 0,ii~ ec 2,0 0 0,375 9,500 L),750 1,00 1,5 2,5 3,0 4,0 6,0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 

1 5 1 1 1 1 1  

138 16 16 
15 15 15 

1 
2 
9 ,0  3 
4 13 
5 14 

15 

1 1 
1 3 
3 3 
6 5 

12 12 
14 13 
15 14 

15 

1 1 1 1 
1 1 1 3 
2 1 2 3 

4 

13 10 77 
14 13 9 7 
15 14 13 

15 14 10 
15 14 

14 
15 

3 4 
3 4 
5 4 
5 4 
7 6 
7 7 
9 9 

l0 l0 
II  l l  
12 12 
13 12 
14 13 
15 14 

t4 
14 
15 

4 
4 
5 
6 
7 
7 
9 
9 
9 

11 
13 
14 
14 
14 
14 
14 
14 
14 
15 
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I 

Dcirc ~ 10 Vcirc/-/' (3) 

which in this  case  was D ~ 2 . 1 0  . 3  m2/sec .  

The r e l a t i v e l y  s m a l l  n u m b e r  of p a r t i c l e s  (15) and even  s m a l l  total  n u m b e r  of d i sks  (200) in  our  mode l  
would not j u s t i fy  r e p l a c i n g  the a p p r o x i m a t e  r e l a t i o n  (2) o r  (3) by m o r e  exact  ones  b a s e d  on t r a n s i e n t  so lu -  
t ions  for  the con t inuous  ( r a the r  than d i s c r e t e )  d i f fus ion  mode l .  Ins tead ,  we a t t emp ted  to e x p e r i m e n t a l l y  
s tudy the f e a s i b i l i t y  of apply ing  our  new f luc tua t ion  method  to the m e a s u r e m e n t  of m i x i n g  coe f f i c i en t s  [13, 

141. 

Th i s  method  is b a s e d  on m e a s u r i n g  the a ve r a ge  f luc tua t ions  of the n u m b e r  of p a r t i c l e s  wi th in  some  
des igna t ed  vo lume  e l e m e n t ,  and  it does not r e q u i r e  l abe l i ng  the par t ic les . .  We c o n s i d e r  the case  where  
p a r t i c l e s  in the e n t i r e  vo lume  w have a l r e a d y  b e e n  c o m p l e t e l y  mixed  but  where ,  owing to the s t a t i s t i c a l  
n a t u r e  of the p r o c e s s ,  the n u m b e r  of p a r t i c l e s  e n t e r i n g  the de s igna t ed  vo lume  w d u r i n g  the t ime  i n t e r v a l  r 
m a y  be e i t h e r  l a r g e r  o r  s m a l l e r  than  the n u m b e r  of p a r t i c l e s  l eav ing  it  d u r i n g  this  t ime .  Having  m e a s u r e d  
the i n i t i a l  n u m b e r  of p a r t i c l e s  in  th is  vo lume  n and a l so  t he i r  n u m b e r  n r a f t e r  a t ime  r ,  and having  r e -  
pea l ed  such m e a s u r e m e n t s  m a n y  t i m e s  at  f ixed i n t e r v a l s  r = cons t ,  one can ca l cu l a t e  the magn i tude  of the 
m e a n - s q u a r e d  f luc tua t ions :  

(An0 ~ = (n~ - -  n) 2. (4) 

Le t  fi denote  the ave r age  n u m b e r  of p a r t i c l e s  wi th in  the g iven  vo lume .  F o r  long i n t e r v a l s  r the n u m -  
b e r s  n r and n wi l l  be  m u t u a l l y  independen t ,  i . e . ,  t he re  wil l  be  no c o r r e l a t i o n  be tween  them and 

(An~)~r = n~ ~ - -  2n~ n + n ~ = 2 ~2 _ n ~) = 2 (n - -  n) 2 = 2(An) 2 , (5) 

where  (An) 2 is  the m e a n - s q u a r e d  f luc tua t ion  of the n u m b e r  of p a r t i c l e s  about  t he i r  a v e r a g e  n u m b e r  fi wi th in  
the g iven  vo lume .  F o r  sho r t  i n t e r v a l s  r the n u m b e r s  n r and n wil t  be  c o r r e l a t e d  a c c o r d i n g  to the d i f fus ion  
law [11]: 

Dz 
(An0 ~" = (An) 2 -  (6) 

2~i 2 ' 

where  l is  the m e a n  r a d i u s  of the de s igna t ed  vo lume  w. Re l a t i on  (G) r e m a i n s  va l id  as long as ( ~ 7 )  2 
<< ( ~ ) 2 ,  and in this  case  the sought coef f ic ien t  D can  be c a l c u l a t e d  a c c o r d i n g  to that r e l a t i o n  on the b a s i s  
of ( ~ r )  2 v a l u e s  m e a s u r e d  in the e x p e r i m e n t  at v a r i o u s  t ime  i n t e r v a l s  r .  

F o r  such a c a l c u l a t i o n  we u s e d  the s a m e  photographic  f i l m s  f rom which Vcirc and Dpuls  had b e e n  
d e t e r m i n e d  for  a g iven  f lu id iza t ion  mode.  With a f i lm f r a m e  p r o j e c t e d  on the s c r e e n ,  a c i r c l e  was d r awn  
h e r e  at a r a d i u s  c o r r e s p o n d i n g  to the c y l i n d r i c a l  vo lume  e l e m e n t  des igna t ed  ins ide  the r e a c t o r  (R = 2.5 era) 
and the n u m b e r  of p a r t i c l e s  n wi th in  th is  c i r c l e  was counted.  In the case  of a s t a t i o n a r y  bed  t h e r e w e r e  
33 d i sks  of r a d i u s  r = 0.4 em ins ide  such a c i r c l e .  Th i s  c o r r e s p o n d e d  to a f i l l  f ac to r  of cr = 1 - e  = 3 3 r 2 / n  2 
= 0.845, i nd i ca t ing  a r a n d o m  d i s t r i b u t i o n  of p a r t i c l e s  and the effect  of wa l l s ,  s ince  the c l o s e s t  p o s s i b l e  
pack ing  would have y ie lded  (Ymax = ~r/2,/-3 = 0.907. 

D u r i n g  f lu id iza t ion  some  p a r t i c l e s  d i s p e r s e d  and the bed  expanded,  the n u m b e r  n b e c o m i n g  a c c o r d -  
ingly  s m a l l e r  than 33. We m u s t  note h e r e  that,  i n  coun t ing  the n u m b e r  n one by one,  it was  d i f f icul t  to 
d e t e r m i n e  exac t ly  the f r a c t i o n  of any d isk  on the b o r d e r  of the d rawn  c i r c l e  and only p a r t i a l l y  i n s ide  it. 

On the b a s i s  of a f r a m e - t o - f r a m e  e x a m i n a t i o n  of the pho tograph ic  f i lm,  s u c c e s s i v e  va lues  of n we re  
t abu la ted  a f t e r  1/36 s e e , _ w h e r e u p o n  the a v e r a g e  fi and the m e a n - s q u a r e d  (~n) 2 or  the m e a n  abso lu te  d e v i a -  
t ion  f r o m  the a v e r a g e  [ An I = I n - ~  I were  ca l cu la t ed .  Thus ,  i n c r e a s i n g  the t ime  i n t e r v a l s  s t epwise  f r o m  
r = 1 /36 see  to r = 2/36 see ,  r = 3/36 see ,  e tc . ,  we ca l cu l a t ed  the f luc tua t ions  An T = n r - n  and the i r  m e a n  
v a l u e s  (Ant) 2 or  I A ~  I. 

Such a p r o c e d u r e  r e v e a l e d  at once that  the r e l a t i o n  

(An) ~ = n, (7) 

while  app l i cab le  to unexpandab le  p a r t i c l e s  in c l a s s i c a l  s t a t i s t i c a l  p h y s i c s ,  would not  be va l id  in  our  case  
of ad jo in ing  d i sks  and that  much  c l o s e r  h e r e  would be  the a p p r o x i m a t e  r e l a t i o n  for  expandable  p a r t i c l e s  

(An) ~ = n (% - -  ~) (8) 
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Fig. 1. Basic  schemat ic  d iagram of the apparatus  for  
determining the mixing coefficient.  

according to Buevich [15]. Unfortunat__.ely, specific calculations showed that, even__ for the shor tes t  time 
interval  ~- = 1/36 sec (every frame) An T had reached about 40-60% of its limit AnT~r and that, conse-  
quently, the assumptions made in deriving formula (6) had not been satisfied. 

The necess i ty  of fur ther  reducing the interval ~- and also the desirabil i ty of automating the ra ther  
unwieldy and laborious "one-by-one" computations have provided the stimulus for fur ther  improving the 
measurement  procedure .  The "one-by-one" count of par t ic les  was replaced by an automatic recording 
of the decrease  in the intensity of light t ransmit ted  through the given reac to r  segment with suspended pa r -  
t icles.  A photocell then converted the optical signals to e lec t r ica l  ones, and the lat ter  were fed to an 
analog computer  for di rect  p rocess ing  with the aid of one type BTD complementer  and for an immediate 
readout of the desired result .  

The op t ica l -mechanica l  par t  of the apparatus is shown schematical ly  in Fig. 1. The lamp (12 V, 
90 W) was supplied from a s torage bat tery  and interference ar is ing f rom fluctuations of the line voltage 
was thus avoided. This lamp was placed at double the focal distance f rom the optical center  of lens 1. 
Light f rom this source was pass ing through the lens, a c i rcu la r  aper ture  of radius R = 2.5 cm in the 
opaque sc reen  2, and r eac to r  3, f rom where it was then focused on the photocell 4. The moving opaque 
par t ic les  (disks) affected the magnitude of the luminous flux impinging on the photocell, while a variable 
voltage U(t) proport ional  to the t ransmit ted luminous flux was picked off the load r e s i s to r  R and applied to 
the input of the EMU-8 analog computer  with a switching network as shown schematical ly  in [9]. The com- 
puter  averaged an incoming signal over  a p resc r ibed  time interval T 1 = 5 sec and the resul t  of the attend- 
ant integration was put out in t e rms  of vol tmeter  readings.  F rom this we determined the average voltage 

T~ 

1 S U(T)&. 
0 

For  the purpose of calibration, we determined the average value of a signal without par t ic les  in the bed. 

D0 = ~ I U*(T)d~. 

0 

The signal reduction U0-U, as a resul t  of par t ia l  blocking of the aper ture  area  by par t ic les ,  allowed us 
to calculate the proport ional  t o  it average number of par t ic les  in the bed: 

= So .  Uo- -U 
$1 U0 ' (9) 

with S o denoting the full aper ture  area  in the screen  and S 1 denoting the a rea  of one aluminum disk. 

With the t~MU-8 computer  set up for solving the equation of a h igh-pass  fi l ter  [16], it was possible 
to eliminate the dc component U of the ' total  act signal U0-) and to feed the difference AU = U(T)-U to the 
integrating networks,  af ter  the positive deviations AU + had been separated from the negative deviations 
AU- by means of semiconductor  diodes and both had been integrated separate ly  [16]. In this way, we 
automated the measuremen t  of the average absolute deviation over a sufficiently long time interval T 2 
= 50 s e e :  
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TABLE 2. Mixing Coefficient for Solid Particles, at Various 
Values of Fluid Viscosity and Stream Velocity, Obtained in 

Tests with the Aid of an EMU-8 Computer and a BTD Unit 

v-IO% u. I0", D.IO*, 
Fluidizing agent Ar mVsec m/see m2/sec 

13 16 

Water 

50% Glycerine + 50% water 

70% Glycerine + 30% water 1 

90% Glycerine + 10% water 

1,3 �9 107 18 20 

23 45 

5,0 �9 l0 s 5 13 11 

5,4. i04 16 10 9 

4,7 �9 103 50 5 3 

T2 

1 f = G IAui at, 

f r o m  which the m e a n  abso lu t e  dev ia t ion  could then be ca lcu la ted :  

= S o .  (lO) 
$1 

In o r d e r  to d e t e r m i n e  the d i f f e r ence  f luc tua t ion  AnT, a s t a n d a r d  t i m e - d e l a y  b lock  (BTD) was u sed  in  
the t~MU-8 e o m p l e m e n t e r  for  c o n v e r t i n g  the v a r i a b l e  vol tage  into a n  iden t i ca l  func t ion  shif ted in  t ime  by a 
g iven  i n t e r v a l .  Into the s u m m a t o r  was then fed the o r i g i n a l  s igna l  U(t) and the i n v e r t e d  and de layed  s igna l  
- U ( t - T ) ,  whe reupon  the r e s u l t i n g  d i f f e r ence  AU. r = u(t)-u(t-r) was p r o c e s s e d  in  the s a m e  m a n n e r  as  
AU = U ( t ) - U  and the a v e r a g e  abso lu te  f luc tua t ion  I An.rl was found over  v a r i o u s  de lay  t i m e s  ~- f r o m  0.005 to 
0.150 see .  In view of the p r o p o r t i o n a l i t y  be tween  a v e r a g e  abso lu te  and m e a n - s q u a r e d  f luc tua t ions ,  f o r m u l a  
(6) for  c a l c u l a t i n g  the ef fec t ive  d i f fus ion  coef f ic ien t  for  a so l id  phase  was r e p l a c e d  by 

T I . ~ l  (11} 

where  l = R / 2  in the case  of a c i r c l e .  

As has  b e e n  noted e a r l i e r ,  the quan t i ty  ins ide  the b r a c k e t s  in (11) beg ins  to approach  i ts  l i m i t  (~10~0) 
at  r = 0.030 see  and c e a s e s  to be  d i r e c t l y  p r o p o r t i o n a l  to 7. On the o the r  hand,  at  "r = 0.005 see  the BTD 
i n t r o d u c e s  an e x c e s s i v e  m e a s u r e m e n t  e r r o r .  F o r  this  r e a s o n ,  it  was  n e c e s s a r y  to ca l cu la t e  D e s s e n t i a l l y  
only f r o m  the data  ob ta ined  du r ing  n- = 0 .01-0 .02 see .  R e s u l t s  of these  computa t ions  a r e  shown in  Tab le  2. 

As can  be s een  he r e .  the m i x i n g  coef f ie ien t  D is of the o r d e r  of 2 �9 10 .3 m 2 / s e e  for  f lu id iza t ion  with 
w a t e r  o r  with up to 50% g l y c e r i n e  s o l u t i o n i n  wa te r ,  which a g r e e s  with the e a r l i e r  e s t i m a t e s  b a s e d  on r e l a -  
t ions  (2) and (3). On the o the r  hand,  it  a p p e a r s  that D >> I3_ . and,  consequen t ly ,  each  of these  two eoef-  pros  
f i e i en t s  c h a r a c t e r i z e s  a d i f f e ren t  a spec t  of the r a n d o m  m o h o n  of p a r t i c l e s .  

It was  c r u c i a l  in our  t e s t s  that  the d i m e n s i o n  of the de s igna t ed  volume (L = 2R - 5 em) con ta in ing  
about  30 p a r t i c l e s  exceeded  the d i m e n s i o n  of p a r t i c l e  "packe ts"  a g g I o m e r a t i n g  in the i r  mo t ion  (about 5 p a r -  
t i t l e s  t oge the r  in our  case) .  The length  of the t ime  i n t e r v a l  7 ~ 0.1 see ,  a f t e r  which a l m o s t  no e o r r e l a -  
l ion  would be o b s e r v e d  any m o r e ,  i nd i ca t e s  that  du r ing  such a long pe r iod  the p a r t i c l e s  wi th in  the tes t  
v o l u m e  have c o m p l e t e l y  mixed  with s u r r o u n d i n g  p a r t i c l e s .  The  e s t i m a t e  a c c o r d i n g  to (2) wil l  then y ie ld  
only the o r d e r  of magn i tude  of the m i x i n g  eoef f ie ien t :  

D ~ (5 cm) ~ ~ 25 cmZ/see = 2.5- 10 -a mZ/sec. 
10 �9 0.1 see 

The  p r e c e d i n g  a n a l y s i s  has  c o n f i r m e d  the e f f e c t i ve ne s s  of the p roposed  f luc tua t ion  method of m e a -  
s u r i n g  the m i x i n g  coef f ic ien t  and has  c o n f i r m e d  the f e a s i b i l i t y  of a u t o m a t i n g  the m e a s u r e m e n t s  as  wel l  as 
the data  eva lua t ion .  App l i ca t ion  of th is  method  to the t w o - d i m e n s i o n a l  "one g r a i n  thick" f lu id i za t ion  bed 
mode l  has  made  it p o s s i b l e  to e s t a b l i s h  ff r e l a t i o n  be tween  the mix ing  of a so l id  phase  and the e h a r a e t e r i s -  
t i cs  of the c i r c u l a t o r y  mo t ion  of i t s  p a r t i c l e s .  
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are  the overall ,  c i rcula tory ,  and pulsa tory  mixing coefficients; 
are  the c i rcu la tory  and average velocity of a par t ic le ;  
is the velocity of the fluidizing s t ream;  , 
is a segment of a par t ic le  t ra jec tory;  
are  time intervals;  
are  the height and volume of the entire bed; 
is the volume of the designated bed segment;  
are  the initial number,  the number af ter  time T sec, and the average number of 
par t ic les ;  
is the mean-squared  fluctuation; 
is the mean radius of the designated volume; 
are  the voltage without par t ic les  and with moving par t ic les ,  respect ively;  
are  integration per iods;  
are  the radius of the disk and the radius of diaphragm (cylinder); 
is the scale dimension of the designated volume; 
is the kinematic viscosi ty;  
are  the fill factor  and maximum fill factor  of the designated volume with par t ic les ;  
is the poros i ty  of the bed. 
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