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This paper gives the results of an investigation of the kinetics of sep- 
aration and mixing of dispersed materials due to vibration or a flow 
of liquid or gas in application to mineral enrichment and screen Sep- 
aration of grain products and other materials, 

We i m a g i n e  a f lu id i zed  bed  of l o o s e  m a t e r i a l  con-  
ta in ing  p a r t i c l e s  which d i f fe r  in t h e i r  p r o p e r t i e s  (geo-  
m e t r i c ,  mechan i ca l ,  e t c . ) .  The pos i t i on  of a p a r t i c l e  
of any component  of the m i x t u r e  ( s m a l l  o r  l a rge ,  heavy  
o r  light) is  def ined  by the coo rd ina t e  z, m e a s u r e d  
f r o m  the bo t tom of the bed.  

In a f lu id ized  bed z( t ) !wi l l  undergo r a n d o m  in-  
c r e a s e s ,  and i ts  v a r i a t i o n  wil l  be r e g a r d e d  as  a r a n -  
d o m  Markov ian  p r o c e s s  and i n t e r p r e t e d  as  a l i n e a r  
r a n d o m  walk of the  i m a g e  poin t  a long the z ax is .  We 
wil l  denote  the p r o b a b i l i t y  dens i ty  of the i nves t i ga t ed  
p r o c e s s  by w(t, z). Then wdz i s the  p r o b a b i l i t y  tha t  the 
wande r ing  p a r t i c l e  is  i n t h e  reg ion  (z, z + dz) at ins tan t  t.  

By the p r o b a b i l i t y  we m e a n  the n u m b e r  of f a v o r a b l e  
r e s u l t s  of the r a n d o m  p r o c e s s .  However ,  we can i m -  
agine  n u m e r o u s  ou t comes  o c c u r r i n g  s imu l t aneous ly ,  
i . e . ,  we can p i c t u r e  a l a r g e  n u m b e r  of independent ly  
mov ing  p a r t i c l e s  in s t ead  of one moving  p a r t i c l e .  Then 
th is  p r o b a b i l i t y  g i v e s  the  f r a c t i o n  of the  to ta l  n u m b e r  
of p a r t i c l e s  found in the  p r e s c r i b e d  reg ion ,  i . e . ,  wdz 
g ives  the r e l a t i v e  n u m b e r  of p a r t i c l e s  l oca t ed  at  in -  
s tan t  t in the  r eg ion  (z, z + dz), Hence,  the  p r o b a b i l i t y  
dens i t y  has  the s e n s e  of the r e l a t i v e  concen t r a t i on  of 
i m a g e  po in t s  and can be  p h y s i c a l l y  i n t e r p r e t e d  as  the 
r e l a t i v e  concen t r a t i on  of the p a r t i c u l a r  component  of 
the  m i x t u r e .  

The  p r o b a b i l i t y  dens i t y  of a o n e - d i m e n s i o n a l  M a r -  
: k o v i a m p r o c e s s  s a t i s f i e s  the K o l m o g o r o v - F o k k e r -  
P l a n c k  d i f f e r en t i a l  equat ion 

Ow(t, z) 0 [c(t, z)w(t, z)l + 
Ot Oz 

1 0 ~ 
+ - -  - -  [b(t, z)w( t ,  z)], (1) 

2 Oz ~ 

which d e s c r i b e s  the f o r c e d  q u a s i - d i f f u s i o n  of i m a g e  
points. 

The stochastic coefficient e(t, z) has the sense of 
the velocity of ordered motion of the particles under 
the action of an external field (gravitational, hydro- 
dynamic, for instance). The coefficient b(t, z) is a 
measure of the disorder of the motion and has the 
s e n s e  of  the  coe f f i c i en t  of  q u a s i - d i f f u s i o n  of the  p a r -  
t i c l e s .  If  the p r o c e s s  is  homogeneous  in space ,  then 
the s t o c h a s t i c  coef f i c ien t s  m a y  depend  only on the 
t i m e  or ,  in p a r t i c u l a r ,  be  cons tan t .  The  q u a s i - d i f - [  
fus ion  coe f f i c i en t  b in th is  c a s e  depends  on the s i z e  of 
the  p a r t i c l e s  and the e f fec t ive  v i s c o s i t y  of the  f l u -  

i d i zed  m e d i u m  and c h a r a c t e r i z e s  the m o b i l i t y  of the 
p a r t i c l e s  in the  bed.  

If the p a r t i c l e s  of the  m i x t u r e  d i f f e r  in dens i ty ,  
the  coef f i c ien t  c wi l l  be  p r o p o r t i o n a l  to the d i f f e r ence  
in d e n s i t i e s  of the  p a r t i c l e s ,  and, ff th is  d i f f e r e n c e  
is sma l l ,  the g r a v i t a t i o n a l  f low of the p a r t i c l e s  wil l  
c e a s e  to af fec t  the  t r a n s f e r  p r o c e s s .  

In t e r m s  of r a n d o m  walk theo ry  the  l a s t  a s s u m p -  
t ion c o r r e s p o n d s  t o  a c c e p t a nc e  of the e qu ip ro bab l e  
mo t ion  of the  p a r t i c l e s  in both d i r e c t i o n s .  In the  c a s e  
w h e r e  e ~ O, i . e . ,  when the ex t e rna l  f i e ld  has  an 
o rgan iz ing  effect ,  the  mot ion  of the  p a r t i c l e s  will  be  
a s y m m e t r i c a l ,  m o r e  moving  in one d i r e c t i o n  than 
the o ther .  

If the p r o c e s s  is  due to a f low of w a t e r  o r  a i r ,  the 
s t oc ha s t i c  coef f i c ien t s  b and c wil l  l a r g e l y  depend on 
the  velocity of the  fluidizing s t r e a m .  

The  l i t e r a t u r e  of f l u i d i z a t i o n  [1, 2] g ives  some  in -  
f o r m a t i o n  about the ef fec t ive  v i s c o s i t y  of a bed  and 
the s p e e d s  of s e t t l i ng  of the  p a r t i c l e s .  Th i s  can b e  
used  to exp la in  the  r e l a t i o n s h i p s  be tween  the s t o c h a s t i c  
coe f f i c i en t s  and the ac t Ing f a c t o r s .  Keep ing  within the  
f r a m e w o r k  of the s t o c h a s t i c  d e s c r i p t i o n  of the  p r o b l e m  
we wil l  a s s u m e  that  the coef f i c ien t s  b and c a r e  known, 
say,  f r o m  e x p e r i m e n t .  

The  so lu t ion  of the  d i f f e r e n t i a l  equat ion (1) m u s t  be  
c o n s i s t e n t  with the  bounda ry  and in i t i a l  condi t ions  c o r -  
r e s p o n d i n g  to the p r o c e s s .  

By ca l cu l a t i ng  the  p r o b a b i l i t y  d e n s i t y  w(t, z) we can 
so lve  s e v e r a l  p r o b l e m s  en ta i l ing  the  d e t e r m i n a t i o n  of 
the  i nd i ces  of mixIng  and s e p a r a t i o n  p r o c e s s e s .  F o r  
ins tance ,  the  ob ta ined  r e l a t i o n s h i p  w = w(t, z) g ives  
the  law of v a r i a t i o n  of the r e l a t i v e  concen t ra t ion .  In 
the  c a s e  of m ix ing  of l o o s e  m a t e r i a l s  it  wi l l  be p o s s i b l e  
to so lve  not  onty the p r o b l e m  of  p r o d u c i n g  a m i x t u r e  
of m a x i m u m  p o s s i b l e  homogene i ty ,  but  a l so  the  s e p -  
a r a t i o n  p r o b l e m - - t o  s e p a r a t e  the  m i x t u r e  a c c o r d i n g  
to the  p r o p e r t i e s  of the p a r t i c l e s .  

In the  c a s e  of s c r e e n  s e p a r a t i o n ,  and a l so  in s e v -  
e r a l  i n d u s t r i a l  p r o c e s s e s  e f fec ted  in a f lu id i zed  bed,  
the p a r t i c l e s  l e a v e  the b e d - - t h e y  p a s s  th rough  the ho les  
in the s c r e e n  o r  a r e  c a r r i e d  off into the  space  above 
the bed.  The  ind i ces  of t h e s e  p r o c e s s e s  a r e  the  e x -  
t r a c t i o n  o r  en t r a inmen t ,  def ined  as  the  r e l a t i v e  n u m -  
b e r  of p a r t i c l e s  which have  lef t  the bed  by  the ins tan t  
t. The  e x t r a c t i o n  o r  e n t r a i n m e n t  can be  def ined  by  a 
" p r o b a b i l i t y  quant i ty"  e c a r r i e d  through the s c r e e n  o r  
the  s u r f a c e  of the bed:  

t ![ , b o , +  co z = 0  ( z= h) .  (2) 
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This  e x p r e s s i o n  g ives  the p r o b a b i l i t y  that  a p a r t i c l e  
wi l l  l e ave  the  bed by the ins tan t  t .  It  is  obvious that  

f 

t) 

z = o (z = h) 

g ives  the p r o b a b i l i t y  that  the p a r t i c l e  will  r e m a i n  in 
the bed  dur ing  the t ime  t, o r  the  r e l a t i v e  n u m b e r  of 
p a r t i c l e s  s t i l l  in the bed  at  th is  t ime.  

We wil l  i l l u s t r a t e  the  fo rego ing  by e x a m p l e s  of c a l -  
cu la t ion  of the ind ices  of mix ing  and s c r e e n  s epa ra t i on .  

Mixing.  Let  the in i t ia l  d i s t r i bu t i on  of p a r t i c l e s  in 
the  m i x e r  be spec i f i ed  by a de l ta  funct ion w(0, z) = 
= 5(z - h). Th is  is  the d i s t r i bu t i on  fo r  the  c a s e  w h e r e  
the m i x t u r e  component  is  d e l i v e r e d  to the s u r f a c e  of 
the  bed.  We def ine  the evolut ion of th is  in i t i a l  d i s t r i -  
but ion  by us ing  Eq. (1) with cons tan t  s t o c h a s t i c  c o e f -  
f i c i en t s  

Ow Ow _ b 02~z + c - -  , (3) 
Ot 2 c)z 2 Oz 

in which c is the velocity of induced transfer of the 
particles towards the bottom of the bed. 

As a boundary condition we assume that 

b Ow 
- -  - - + c w - - 0  

2 Oz 

w h e n z = 0  a n d z = h .  
This  condi t ion  fo r  t o t a l  r e f l e c t i o n  of the  r a n d o m l y  

mov ing  p a r t i c l e s  f r o m  the b o u n d a r i e s  of the r eg ion  
m e a n s  that ,  on a t ta in ing  these  b o u n d a r i e s ,  the p a r -  
t i c l e s  will  s u b s e q u e n t l y  t ake  p a r t  in the mix ing  
p r o c e s s .  

The  so lu t ion  of Eq. (3) with t hese  condi t ions  will  
be  

~ =  w_=4h e•  + 
w~ i -- exp ( --- 4h) 

f f . ~  x ( - - 1 ) , ~ e x p l - - 2 h ( z - - 1 ) ]  cosmr~z--  

• exp [ - -  \ - - ~ C  + 1 ) . (4) 

The obtained equation for the kinetics of mixing 

relates the relative concentration of dynamically 
"heavy"  (h > 0) p a r t i c l e s ,  and "light.." p a r t i c l e s  (h < 
< 0) to the two p r o c e s s  p a r a m e t e r s  t and h, which 
depend  on the two e x p e r i m e n t a l  coe f f i c i en t s  b and e 
c h a r a c t e r i z i n g  the d i s p e r s i o n  of the p a r t i c l e s  and the 
i n t ens i t y  of the  e x t e r n a l  f ie ld .  

When p a r t i c l e s  a r e  m i x e d  in the a b s e n c e  of an e x -  
t e r n a l  f ie ld ,  i . e . ,  when the p a r t i c l e s  have  the s a m e  
m e c h a n i c a l  p r o p e r t i e s ,  the  v e l o c i t y  of induced  t r a n s f e r  
c = 0. In th is  case ,  when h = 0 we obta in  f r o m  (4) 

= 1 + z_J ~-~ 2 ( - -  1) m cos m ~7 exp ( b2m2 2 t ) . (5) 

3o / 

_ j J  
#2 0.4 a6 O.8 /,O 

According to (5), with the elapse of time the com- 
position of the mixture evens out over its thickness 
and when (Tr2b/2h2)t -> 4 the concentration of the mix- 
ture differs from that for a uniform distribution by 
not more than 5%. 

~uu b 

5.O ~0 5 

0 o o2 a~ ~ ~e 

Fig .  1. D i s t r i bu t i on  of r e l a t i v e  c onc e n t r a t i on  of heavy  
p a r t i c l e s  a f t e r  d i f f e r en t  t i m e s  of mix ing  fo r  c a s e s  of a 
de l to id  in i t i a l  d i s t r i b u t i o n  (a) a n d a  un i fo rm in i t i a l  
d i s t r i b u t i o n  (b) with h = 0.5: i) t = 0, 2) 0.01; 3) 0.05; 

4) 0.1; 5) 0.2; 6) ~o. 

As distinct from this case, a uniform distribution 
of particles in the bed cannot be obtained in the case 
of mixing of dynamically heterogeneous particles dif- 

fering in density and resistance to motion (Fig. in). 
The heavy particles located on the surface of the 

bed at the start of the process penetrate into the bed 
and, finally, attain a limiting distribution for the part- 

icular h. 
Although a uniform distribution cannot be attained, 

there is at a certain instant t (in this case ~ 0.12) an 
r'optimum" particle distribution. Equation (4) can be 
used for optimization of the process. If the quality of 
the mixing process is characterized by the mean square 
deviation from the uniform particle distribution 

h 

N =  -~ -  Wp / 
0 

the minimization of this_index will give the optimum 

value of the parameter t for a given h. 
The equations for the kinetics of the process can 

be obtained for any other specified initial distributions. 

F o r  example ;  in the p r o b l e m  of the demix ing  of p a r t -  
i c l e  m i x t u r e s ,  which is  an i m p o r t a n t  f a c t o r  in g r a v i t y  
e n r i c h m e n t  p r o c e s s e s ,  the c a s e  of a un i fo rm in i t i a l  
p a r t i c l e  d i s t r i b u t i o n  in the l a y e r  (F ig .  lb)  can  be  of 
i n t e r e s t .  

F o r  th is  c a s e  we can ob ta in  the fo l lowing equat ion 
fo r  the  k i n e t i c s  of d e m i x i n g  of the  m i x t u r e :  

= 4 h  exp(--4hz)=_ + 
l - -  exp (- -  4h) 
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+ ~ 8m * a ~ h [ 1 - -  (1)" exp 2 h,] exp (--2 h z) X 
,,,=, (4h ' + m ~ )  ~ 

( 2 ~  z - - c o s m ~ s  x X ~ s i n m ~  
m ~  

xoxp[ 
W W +  �9 

With the p a s s a g e  of t ime  the in i t i a l ly  un i fo rm d i s -  
t r i bu t ion  aga in  b e c o m e s  a l imi t ing  one. The " l ight"  
p a r t i c l e s  " f loat  up" to the s u r f a c e  of the bed  in the  
s e p a r a t i o n  p r o c e s s ,  and the heavy p a r t i c l e s  s e t t l e  to 
the  bot tom.  

Wlim, 

a.O 

Zo 

[.0 

~u 

0 Q2 ~ ~s ~8 z/,• 
Fig. 2. Limiting distributions 
of heavy particles over thick- 
ness of bed: i) h = 0.i, 2) 0.3; 

3) 0.5; 4) 1.0. 

I r r e s p e c t i v e  of the  in i t i a l  condi t ions ,  the l im i t i ng  
d i s t r i b u t i o n s  of heavy  p a r t i c l e s  ove r  the t h i cknes s  of 
the  bed  fo r  d i f f e r e n t  h (F ig .  2) a r e  such  tha t  the  m i r -  
r o r  r e f l e c t i o n  of t he se  c u r v e s  g ives  the  c u r v e s  c o r -  
r e s p o n d i n g  to the mix ing  of l igh t  p a r t i c l e s .  

If the m a t e r i a l  is  fed con t inuous ly  into the  m i x e r  
du r ing  the mix ing  p r o c e s s  the  length  of t i m e  spent  by  
the  m i x t u r e  in the  a p p a r a t u s  can be r e l a t e d  to the 
a d j u s t a b l e  and k i n e m a t i c  p a r a m e t e r s  and the feed  r a t e .  
The  coef f i c ien t s  c and b, which a r e  r e q u i r e d  fo r  c a l -  
cu la t ion  of the mix ing  ind ices ,  can be d e t e r m i n e d  by 
two e x p e r i m e n t s .  

In the  p r e s e n t e d  s a m p l e  ca l cu l a t i on  we ignored  p o s -  
s ib l e  mix ing  of the  load  in the  a p p a r a t u s  due to the  
ac t ion  of a g i t a t o r s  of any k ind  o r  convec t ion  c u r r e n t s  
p r o d u c e d  in a p p a r a t u s e s  with a f lu id i zed  gas .  

It is  to be  hoped that  within the  f r a m e w o r k  of the  
expounded t heo ry  i t  wi l l  be  p o s s i b l e  to t ake  into con-  
s i d e r a t i o n  m a c r o m i x i n g  of the  load  in the  m i x e r  and 
to avoid  the  a s s u m p t i o n  of un i fo rmi ty  of the  p r o c e s s  
and cons t ancy  of the coe f f i c i en t s  b and c, o r  a one -  
d i m e n s i o n a l  t r e a t m e n t  of the p r o b l e m .  

Sepa ra t ion .  A " v i b r o - s e p a r a t e d "  m i x t u r e  c o n s i s t s  
of p a r t i c l e s  of d i f f e r en t  shapes ,  s i z e s ,  and d e n s i t i e s .  

The  e f f ic iency  of s e p a r a t i o n  of the m i x t u r e  in s c r e e n  
s e p a r a t i o n  p r o c e s s e s  can be e s t i m a t e d  in m o s t  c a s e s  
by the e x t r a c t i on  of sma l l  heavy  p a r t i c l e s  unde r  the 
s c r e e n  and the p o s s i b l e  e x t r a c t i on  of s m a l l  l ight  p a r t -  
i c l e s  con tamina t ing  the main  produc t .  

On the a s s u m p t i o n  of cons tancy  of the s t ochas t i c  
coef f i c ien t s  the  e x t r a c t i on  can  be  c a l c u l a t e d  f r o m  the 
f o r m u l a  

t 

8 * b 

We d e t e r m i n e  the p r o b a b i l i t y  dens i ty  w(t, z) f r o m  
the equat ion 

c3w b 02w Ow - -  = .  ~- c - -  (7) 
at 2 Oz 2 Oz 

with a p p r o p r i a t e  in i t i a l  and boundary  condi t ions .  
A s s u m e  that  a t  the  in i t ia l  ins tan t  w = w(0, z). F o r  

p r a c t i c a l l y  f e a s i b l e  condi t ions  of loading  of the m a t e -  
r i a l  t h e r e  is  a un i fo rm d i s t r i bu t ion  ove r  the t h i cknes s  
of the bed  

(0, z) = 1/h 

and a de l to id  d i s t r i bu t i on  

w (0, z) = ~ ( z - -  h). 

As one boundary  condi t ion we use  the condi t ion of 
z e r o  p a r t i c l e  f lux through the uppe r  bounda ry  of the  
bed,  i . e . ,  

b Ow 

2 Oz 
- -  - -  -J- c w  = O w h e n  z = h .  

Taking  into account  that  s o m e  o r  a l l  of the s m a l l  
p a r t i c l e s  which r e a c h  the s u r f a c e  of the  s c r e e n  drop  
out of the  bed,  we wil l  a s s u m e  that  the  p a r t i c l e  f lux 
through the s u r f a c e  of the s c r e e n  i s  p r o p o r t i o n a l  to 
t h e i r  concen t ra t ion  at  this  su r face ,  i. e . ,  

b Ow 

2 Oz 
+ c w = k w  when z ~ O .  

This  a s sumpt ion ,  which has  been  e x p e r i m e n t a l l y  
c o n f i r m e d  in n u m e r o u s  inves t iga t ions  of the s e p a r a -  
t ion and s i ev ing  of l o o s e  m a t e r i a l s  in a sha l low bed,  
was  a r r i v e d  at  in [3] f r o m  a s t oc ha s t i c  d e s c r i p t i o n  of 
the  p a s s a g e  of p a r t i c l e s  th rough  a s c r e e n .  The s i f t ing  
coef f i c ien t  k, as  shown in th is  pape r ,  is  p r o p o r t i o n a l  
to the  in i t i a l  p a r t i c l e  concen t r a t i on  and the d i f f e r ence  
in the  s i z e s  of the ho le s  and p a r t i c l e s .  

When k = ~o (w = 0) and z = 0 unobs t ruc t e d  s i f t ing  

oc c u r s ;  when k = 0 t h e r e  is  no e x t r a c t i o n  of p a r t i c l e s  
u n d e r  the  s c r e e n  and mix ing  t akes  p lace .  

With these  condi t ions  we obta in  

_ _  13m e = l - -  a m ~ ,  a) exp ~ - q -  1 F , (8) 
r n ~ l  

w h e r e  h = c h / 2 b ;  ~ = 2 k / e ;  Pm a r e  the  p o s i t i v e  r o o t s  
of the t r a n s c e n d e n t a l  equat ion 



JOURNAL OF ENGINEERING PHYSICS 313 

2 a-h O~ 
tg  Pm ---- ~ " (9) 

p., -+. 4 f i ( 1 -  a) 

The f o r m  of the function am(h, ~) depends on the 
initial pa r t i c l e  d is t r ibut ion and the nature  of the bound- 
a ry  condit ions.  Thus,  fo r  the case  of unobst ruc ted  
precipi ta t ion  of pa r t i c l e s  f r o m  the bed (k = :r ~ = oo, 
PmCtgpm = - 2 h )  and a un i fo rm initial d is t r ibut ion 
we obtain the express ion  

2 P,n (Pro + 4-h sin P~ exp 2 ?) 
a,~. - 2 , , (10) 

" (p. ,  -1- 4-/~ 2) (02, + 4 h  z + 2?) 

and for a deltoid distribution 

2 9m sin Pm exp 2h 
am 2 (11) 

pro@ 4h2 @ 2 h  

In addition to calculat ion of the sc reen  separa t ion  
indices the p re sen ted  fo rmulas  can be used to de t e r -  
mine  pa r t i c l e  en t ra inment  f r o m  a fluidized bed, and 
also the probabi l i ty  of the r e s idence  t ime of a pa r t i c l e  
in the bed. The express ion  

1 - - ~ =  amexp - - ~  4~ 2 q-1 F (12) 

gives the probability of a particle remaining in the bed 

until the instant t, or the relative number of particles 

remaining in the bed at this time. 
If at the initial instant the particles are uniformly 

distributed throughout the thickness of the bed, then 

a m is given by formula (i0); in the case of a deltoid 
distribution a m is given by (ll). It is assumed in this 

case that light particles are entrained through the up- 

per boundary of the bed or heavy particles through the 
lower boundary~ In particular, when formulas (i0) and 

(ii) are used, it is assumed that particles which reach 

the boundary of the bed leave it without obstruction. 

The above calculation ignores the effect of the sep- 

aration space on the entrainment of the solid phase 

from the bed. Within the framework of the propounded 

theory we should be able to allow for the return of 

particles from the space above the bed in calculating 

the en.trainment. 

The relationships for the entrainment and the time 

spent by particles in the bed, derived from the curves 

shown in Fig. 3, agree qualitatively with experimental 

results [i]. 

In the case of separation of mixtures of particles of 

the same density in the absence of a flow under the 

screen we can assume that the stochastic coefficient 

c = 0 ,  h = O .  
F o r  this case ,  which c o r r e s p o n d s  to sieving, we 

obtain for  a deltoid initial pa r t i c l e  dis t r ibut ion 

where  Pm is de te rmined  f r o m  the equation P m t g p m  = 
= 21 h and the symbols  

a r e  used. 

80 

60 

~9 

,, , . <  

f 
,.4 

. 2 ~ 

0 0.2 t?~ 0.6 o,8 ~ t  

F ig .  3. Curves  of ~entrainment~ e, %, 
of pa r t i c l e s  f r o m  bed for  the case  of 
a un i fo rm initial d is t r ibut ion:  1) -h = 

= 0.4; 2) 0.6; 3) 0.8; 4) 1.0. 

If the relationship between the size of the particles 

and the holes in the screen is such that sieving is un- 

obstructed, we can regard the surface of the screen 

as totally absorbing and put 

k =  ~ ,  h l = ~ ,  9 , ~ = ( 2 m - - 1 ) u / 2 .  

Then we obtain for a deltoid initial distribution 

.n4 ~ (--1) 'n exp I (2m--1)z~2 I (14) 
= 1 - - - - , , , = 1 - -  , 2 m  - -  1 16H 2 

and for a uni form distribution 

r 

m=l (2m - -  1) 2 
exp [ (2m - -  | ) 2  J l2  

16H 2 ] .  (15) 

These formulas connect the extraction with one 

dimensionless parameter H = h/(2bt) i/2, which de- 

pends only on the coefficient b. In the case of con- 

tinuous feed of material the stay time of the par- 

ticles on the screen depends on the screen length L 

and the mean feed rate V, which depend on adjustable 

parameters and kinematic conditions--the angles of 

the apparatus and the direction of the vibrations of the 

screen, their frequency, and amplitude. 
Taking the volume output as Q = hVB, we obtain 

expressions for the parameter H: 

V /  L Q/B g~bTv.  H = h/V"Ygi = h, 2b -v- = 

e = 1 - -  ~ 2sinp~(4?~q-p~)_u , 
P,~ (9], t 4 hi n- 2hl) 

t n ~  1 

2 pm (13) 

Thus, the indices of the efficiency of the process 

are related to the parameters of the mechanical re- 

gime and the load and, hence, the process can be con- 

trolled. 
The results of the sample calculations and the re- 

vealed relationships for the separation of loose mate- 
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Fig. 4. Comparison of resul ts  of calculations of e, 
%, with experiment:  a) glass spheres;  b) corn; 

c) buckwheat. 
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r i a l s  have been conf i rmed  by expe r imen t s  on s c r e e n -  
ing and p rec ip i t a t ion  of m i n e r a l s  and nonmeta l l i f e rous  
m a t e r i a l s ,  separa t ion  of g ra in  products ,  and other  
loose m a t e r i a l s .  

As an example  Fig.  4 shows the r e su l t s  of a c o m -  
p a r i s o n  of the theore t ica l  and expe r imen ta l  data for  
the s epa ra t ion  of a two-component  m ix tu r e  of g lass  
sphe res  of d i a m e t e r  2000 # (90and 95%)and 800 t~ (10 
and 5%) on a l abo ra to ry  s c r e e n  (Rotap) with 1200 p 
mesh .  The smal l  p a r t i c l e s  were  loaded in ba tches  onto 
the sur face  of the bed and the height of the bed and 
the dura t ion  of the p r o c e s s  were  var ied .  The s e p a r a -  
t ion coeff ic ient  b, de t e rmined  f rom one exper iment ,  
was 0.8 cm2/sec .  The expe r imen ta l  poin ts  l ie  on the 
curve  ca lcula ted  f rom fo rmula  (14). 

This  f igure  shows the r e s u l t s  of a compar i son  of 
the theore t ica l  and expe r imen ta l  data for the s e p a r a -  
t ion of corn  [4] and buckwheat  [5]. In both cases  the 
adjus table ,  k inemat ic ,  and load p a r a m e t e r s  of the 
m a c h i n e s  were  va r i ed  in a wide range.  

NOTATION 

b and c~ a re  the s tochas t ic  coeff ic ients ;  w is the 
p robab i l i ty  dens i ty ;  h is  the height of bed;  e is the 
ex t rac t ion  or  e n t r a i n m e n t ;  z = z /h ,  h = (c/2b)h,  and 
{- = (c2/2b)t a re  the d i m e n s i o n l e s s  height  of sec t ion,  

th ickness  of bed, and dura t ion  of p r o c e s s ;  w u = 1/h  is 
the probabi l i ty  dens i ty  for  a un i f o r m  pa r t i c l e  d i s t r i b u -  
t ion over  the th ickness  of the bed; N is the m e a n -  
square  devia t ion f r o m  u n i f o r m  pa r t i c l e  d i s t r i bu t ion ;  
k is the s i f t ing coeff ic ient ;  h l  = (k/b)h and H = h /  
/(2bt) I/2 a r e  the p roces s  p a r a m e t e r s ;  L and B a re  the 
length and breadth  of s c r e e n ;  V is the mean  feed ra te ;  
Q is the volume output. 
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