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We p re sen t  the r e su l t s  f rom an inves t iga t ion  into the quanti ta t ive r e l a t ionsh ips  governing 
the in te rac t ion  between the p a r t i c l e s  in a d i s p e r s e  m a t e r i a l  and between those p a r t i c l e s  
and the wal ls  of a channel in the case  of v e r t i c a l  two-phase  flows. 

Numerous  pape r s  devoted to s tudying the quant i ta t ive  r e l a t i onsh ips  governing the motion of a d i s p e r s e  
m a t e r i a l  in a r i s i n g  gas suspens ion  make the assumpt ion  that  the p a r t i c l e s  move along r e c t i l i n e a r  t r a j e c -  
t o r i e s  that a r e  p a r a l l e l  to the axis  of the charmel, and that  this  motion is a consequence of weight and the 
fo rces  of ae rodynamic  drag.  In this  case ,  the s l id ing  ve loc i ty  of the p a r t i c l e s  in a s t ab i l i zed  flow segment  
must  be equal to the f r e e - f a l l  ve loci ty  of the p a r t i c l e s .  However,  this  fai ls  to take into account two fac-  
to r s  which have a dec i s ive  effect  on the nature  of the motion of a r e a l  gas suspens ion  and the c o r r e spond ing  
quant i ta t ive r e l a t i onsh ips ,  i .e . ,  the co l l i s ion  of p a r t i c l e s  aga ins t  the channel wal ls  and with each other .  

The in te rac t ion  of the p a r t i c l e s  with the wall  is a consequence of the co l l i s ions  between the p a r t i c l e s ,  
the Magnus effect ,  turbulent  pulsa t ions ,  e tc . ,  and these  fac to rs  have not been s tudied adequately.  In a theo-  
r e t i c a l  examina t ion  of this  p rob lem,  we ca lcu la te  the f requency of pa r t i c l e  co l l i son  with the wall  on the 
bas i s  of the assumpt ion  that  the only fac tor  r e spons ib l e  for  t r a n s v e r s e  movement  of the p a r t i c l e s  in the 
v e r t i c a l  flow is t he i r  en t r a inmen t  as a consequence of l a r g e - s c a l e  pu lsa t ions  [1]. This a ssumpt ion  is de-  
batable ,  s ince  no cons ide ra t ion  is given to one of the most  impor tan t  fac tors  r e spons ib l e  for  the l a t e r a l  
movement  of p a r t i c l e s ,  namely,  t he i r  m a s s i v e  co l l i s ions  with each  o ther .  The p r e s s u r e  l o s s e s  in the 
flow as a r e s u l t  of m a t e r i a l  f r ic t ion  aga ins t  the wall ,  de t e rmined  in accordance  with [1], a r e  subs tan t i a l ly  
unders ta ted  in compa r i son  with expe r imen t a l  data [2]. The e xpe r i m e n t a l  de t e rmina t ion  of the f requency 
of p a r t i c l e  co l l i s ions  with the wall  has been appl ied  only to condit ions of hor izonta l  flow [3], and the author  
employed  a method which involves s igni f icant  e r r o r s .  

This  inves t iga t ion  was p e r f o r m e d  on a t e s t  stand,  whose d i a g r a m  and desc r ip t ion  is given in [4]. The 
f requency of p a r t i c l e  co l l i s ion  with the wall  of a v e r t i c a l  channel is de t e r m i ne d  by means  of p i e z o e l e c t r i c  
gauges se t  flush with the inside su r face  of a g lass  tube 76 mm in d i a m e t e r ,  at  the q u a s i - s t a b i l i z e d  and ac -  
c e l e r a t i on  segment  of the flow. The working e lement  of the gauge was p i e z o e l e c t r i c  quar tz  c r y s t a l  which 
was r i g id ly  l inked to a p l a t fo rm by means  of a pin to r e c o r d  the co l l i s ions  of l a r g e - s i z e  p a r t i c l e s .  The 
p l a t fo rm had a d i a m e t e r  of 7.5 mm and was se t  into an opening in the wal l ,  with a c l ea r ance  of 0.5 ram. 
In s tudying the in te rac t ion  of a fine f rac t ion  with the wal l ,  the p a r t i c l e  co l l i s ions  a r e  picked up d i r e c t l y  
by the quar tz  c ry s t a l ,  whichis  2 • 5 mm in s ize .  The pu lses  genera ted  by the co l l i s ion  of the p a r t i c l e s  
aga ins t  the gauge, a f t e r  ampl i f ica t ion ,  a r e  r e c o r d e d  on the photographic  pape r  of a loop osc i l log raph  in 
the fo rm of bu r s t s .  The ampl i f ica t ion  fac tor  and the r e q u i r e d  r e c o r d i n g  t ime were  chosen on the b a s i s  of 
the p a r t i c l e  d imens ions  and the r eg ime  p a r a m e t e r s  of the flow. F o r  the d i s p e r s e  m a t e r i a l  we used pe l l e t s  
of an a luminos i l i ca t e  ca t a ly s t  with an ave rage  d i a m e t e r  of 2.94, 2.5, and 0.338 mm (p = 1200 kg/m3),  rape  
(5 = 2.33 ram, p = 1100 kg /m3) ,  and mi l l e t  (5 = 2.36 ram, p = 1100 kg / m 3) .  The t e s t s  were  c a r r i e d  out 
at gas ve loc i t i e s  of w = 8-25 m / s e c  (which c o r r e s p o n d s  to a Reynolds number  range of Re = (4-12)" l0 G) and 
concent ra t ions  of # = 0.1-5 k g / k g .  

Tes t s  have shown that  the f requency of pa r t i c l e  co l l i s ion  aga ins t  the channel wall  i n c r e a s e s  with a r i s e  
in the f low- ra t e  concent ra t ion  and in the flow veloc i ty  (Fig. 1). Here  the effect  of concent ra t ion  in the 
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Fig. 1. Frequency of coll ision for par t ic les  of the d isperse  mater ia l  against the wall of a 
ver t ical  channel (m -2. sec- t ) :  a) aluminosil icate catalyst  (5 = 2.5 mm); b) millet; c) rape:  1) 
stabil ized segment  Re = 115 �9 103; 2) the same,  85 �9 103; 3) the same,  72 �9 103; 4) accelerat ion 
segment,  Re = 85 �9 103. 

Fig. 2. Dimensionless  complex B as a function of the f low-rate  concentrat ion ~(kg/kg):  1) 
catalyst  (5 = 2.94 mm); 2) catalyst  (6 = 2.5 mm); 3) millet; 4) rape. 

investigated range of change in the concentrat ion var ies :  up to p = 1-2.2 the rate of growth for the number 
of par t ic le  coll isions against  the wall is substantially higher than in the case of higher values of ~. We 
can assume that this pattern is a consequence of the growth in the number of par t ic les  colliding with each 
other as the value of # increases .  Our attention is drawn to the fact that this cr i t ical  value of # coincides 
with the magnitude of the concentrat ion at which we find a minimum coefficient of heat t ransfer  between 
the flow and the channel wall [5]. Current ly  available data provide no c o r r e c t  explanation for the complex 
mechanism relat ing the s t ruc ture  of the two-phase flow (including the cr i t ical  value of #) with the p rocesses  
occur r ing  at the boundary of the flow. 

An increase  in the velocity of the c a r r i e r  flow leads to an increase  in the radial  component of the 
par t ic le  velocity and in the frequency of collision with the wall. The lat ter  quantity, as follows from Fig. 1, 
also increases  along the length of the accelerat ion segment. 

Despite the fact that the par t ic le  dimensions for the mater ia ls  used in the tests  differ only slightly 
f rom each other,  the collision frequency for equal flow velocities var ies .  This indicates that the collision 
frequency is a significant function of the physical  proper t ies  of the mater ia l ,  and p r imar i ly  of the part icle 
elast ici ty charac te r i zed  by the r ecove ry  factor  k n. The magnitude of k n is determined experimental ly  and 
exhibits the following values: for the catalyst  it is 0.924; the corresponding figure for millet is 0.75, and for 
rape it is 0.62. The lower the value of kn, the more  substantial the loss  in the radial  velocity on collision, 
which leads to a reduction in the frequency of collision with the wall. 

With a reduction in part icle  size the frequency of collision is substantially raised.  Thus, for a fine 
cata lyst  (5 = 0.338 ram) the value of n is grea ter  by approximately two orders  of magnitude than that for a 
coarse  f rac t ion  (5 = 2.5 mm), whereas  these par t ic les  d i f fe r  in t e rms  of size by factors  of only 7-8. 

P rocess ing  of the resul ts  f rom tests  with cata lyst  par t ic les  (5 = 2.5 and 2.94 mm), and for millet 
and rape show that in p - B coordinates (here B = (n53/wt~) (p / pg) (Fr -2 / k3n) *) all of the experimental  point s 

are  grouped about some curve (Fig. 2). The method of least  squares  yields the following correla t ion:  

B = a exp (-- bp). (1) 

For  the channel used in the experiments ,  with a d iameter  of D = 76 mm we have a = 3 .4 .10  -5 and 
b = 0.265. The maximum deviation of the experimental  points f rom curve (1) does not exceed +15%. The 

* In a turbulent regime of par t ic le  s t reamlining,  the complex B has the form 

B = 0 . 3 3  n L l/k3n �9 
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A v e r a g e  v e l o c i t y  u fo r  the  d i s p e r s e  m a t e r i a l  (in m / s e c )  and the G a s t e r s t a d t  c oe f f i -  
c lou t  K as  func t ions  of the  flow r a t e  c o n c e n t r a t i o n  ~ ( k g / k g )  (w = 16.7 m / s e e ) :  1) ve loc i t y ;  
2) G a s t e r s t a d t  coe f f i c i en t ;  3) p a r t i c l e  v e l o c i t y  d e t e r m i n e d  by  the r a d i o a c t i v e  t r a c e r  method ;  
a) c a t a l y s t  (5 = 2.5 mm);  b) r a p e .  

F ig .  4. C o e f f i c i e n t  ~ a s  a funct ion of the  f i n e - f r a c t i o n  c o n c e n t r a t i o n :  1) # l / P 2  < 0.25; 2) 

P l / P 2  = 0 .9 -1 .5 ;  3) P l / # 2  = 0 .4 -0 .5 ;  4) ~tl/~t 2 > 1.6. 

da t a  on the c o l l i s i o n  f r e q u e n c y  fo r  m i c r o s p h e r i e a l  c a t a l y s t  (6 -- 0.338 mm)  a r e  g r o u p e d  s o m e w h a t  h i g h e r  
than  the c u r v e  in F ig .  2, b e c a u s e  of a s u b s t a n t i a l  e l e c t r o s t a t i c  e f fec t .  

The r e s u l t s  of an e x p e r i m e n t a l  i n v e s t i g a t i o n  into the  i n t e r a c t i o n  of p a r t i c l e s  (g lass  b e a d s  wi th  d i m e n -  
s i o n s  of 6 = 1, 2, 4, and 5 ram) with  the w a l l s  of a v e r t i c a l  channe l  fo r  Re = (4.5-17)  �9 104 and p = 0 .1-8  
k g / k g  a r e  g iven  in [6]. The p r o c e s s i n g  of the  e x p e r i m e n t a l  da ta ,  by a n a l o g y  with the  above ,  d e m o n s t r a t e s  
t ha t  t hey  a r e  a l s o  we l l  d e s c r i b e d  by Eq. (I),  wi th  the  v a l u e s  of the  c o e f f i c i e n t s  a and  b e x c l u s i v e l y  func-  
t ions  of the channe l  d i a m e t e r .  In the r a n g e  D = 64-100 ram,  t h e s e  r e s u l t s  a r e  e x p r e s s e d  by  the fo l lowing  
func t ions  (D is  e x p r e s s e d  in m e t e r s ) :  

a =  ( - -  11 .3D2+ 2 . 3 8 D - -  0,083).10 -a, 

b = - -  141D 2 + 2 8 . 1 D - -  1.07. 

The f r e q u e n c y  of p a r t i c l e  c o l l i s i o n s  wi th  the  wa l l  (or the d i m e n s i o n l e s s  p a r a m e t e r  B) in the  i n v e s t i ~  
ga ted  r a n g e  thus i n c r e a s e s  as  the d i a m e t e r  of the channe l  is  e n l a r g e d .  At  low c o n c e n t r a t i o n s  (# < 2 k g / k g )  
th i s  r e l a t i o n s h i p  is  qui te  s u b s t a n t i a l .  

F r o m  the d e r i v e d  v a l u e s  of n we can d e t e r m i n e  the a v e r a g e  ax i a l  v e l o c i t y  of the p a r t i c l e s  and the 
G a s t e r s t a d t  c o e f f i c i e n t  which  c h a r a c t e r i z e s  the  p r e s s u r e  l o s s e s  in the flow as  a r e s u l t  of the f r i c t i o n  of the 
m a t e r i a l  a g a i n s t  the  wa l l .  Us ing  the e x p r e s s i o n  d e r i v e d  in [7], i . e . ,  

K = 1 . 1 9 7  9 6~ u n ( l _ k z )  ' (2) 
P g ~ w2 

with c o n s i d e r a t i o n  of (1) we find 

K = 1.197 a exp ( - -  b~) Fr ~ ~--~ ~ (I - -  kt). (3) 

To d e t e r m i n e  the a v e r a g e  a x i a l  v e l o c i t y  of the  p a r t i c l e s ,  we can  use the e q u a t i o n  of mot ion  fo r  a l a r g e  p a r -  
t i c l e ,  g iv ing  c o n s i d e r a t i o n  to i t s  i n t e r a c t i o n  with  the wa l l  [8], so tha t  

- 0 .  

Unlike the f a m i l i a r  [2] c o r r e l a t i o n  for  the d e t e r m i n a t i o n  of K, in add i t i on  to the r e g i m e  flow p a r a m -  
e t e r s  w and #, Eq. (3) a l s o  e n a b l e s  us to p r o v i d e  e x p l i c i t l y  fo r  the p h y s i c a l  p r o p e r t i e s  of the  m a t e r i a l  and of 
the  tube wa l l  (kn, kt). C a l c u l a t i o n s  with (3) and (4) show tha t  u and K a r e  s t r o n g  func t ions  of p (Fig.  3). 
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We know tha t  wi th  an i n c r e a s e  in the  v e l o c i t y  of the  t r a n s p o r t i n g  flow the r a t i o  u / w  a l s o  i n c r e a s e s  
[9]. Since  ~ d i m i n i s h e s  in th i s  c a s e ,  a s  fo l lows f r o m  (3), the  G a s t e r s t a d t  c o e f f i c i e n t  i n c r e a s e s  as  w i n ,  
c r e a s e s .  F o r  e x a m p l e ,  when p = 2 k g / k g  and w = 11.4 m / s e c  the G a s t e r s t a d t  c o e f f i c i e n t  fo r  r a p e  amoun t s  
to K = 0.12, whi le  fo r  w = 23 m / s e c  we have  K = 0.26. 

We s e e  f r o m  (3) tha t  the va lue  of K d e p e n d s  on the c o e f f i c i e n t  k t which  c h a r a c t e r i z e s  the  s t a t e  of the  
p a r t i c l e  s u r f a c e  and the  wa l l .  The  quan t i t y  k t is  d e t e r m i n e d  in the  fo l lowing  m a n n e r .  The t a n g e n t i a l  c o m -  
ponen ts  of v e l o c i t y  fo r  the  c e n t e r  of g r a v i t y  of the  p a r t i c l e ,  b e f o r e  and a f t e r  the  c o l l i s i o n ,  a s  fo l lows f r o m  
[10], a r e  a s s o c i a t e d  by the r e l a t i o n s h i p  

ul = ~ (5 + 2k~), 

whence  

kt -~ 3.5 ut --2~5, 
Ut 

o r  

k t -- 3.5k~ fg q~ ctg ~p' - -  2.5, (5) 

w h e r e  go = (u, u t) and  go' = (u',  u~). The v a l u e s  of the ang l e s  go and go' w e r e  d e t e r m i n e d  by m e a s u r e m e n t  

on the p h o t o g r a p h s  o b t a i n e d  by d r o p p i n g  the t e s t  p a r t i c l e s  onto an i n c l i n e d  p l a t e  which  i s  s i m i l a r  in rough -  
n e s s  to the  i n s ide  s u r f a c e  of the  tube .  F o r  the  c a t a l y s t  we have k t = 0.3, and  fo r  r a p e  the c o r r e s p o n d i n g  

f i gu re  is  0.33. 

The  v a l u e s  c a l c u l a t e d  with  (3) and  (4) fo r  the  v e l o c i t y  of c a t a l y s t  p a r t i c l e s  (5 = 2.5 ram) and r a p e  a r e  
in good a g r e e m e n t  wi th  the  d i r e c t - m e a s u r e m e n t  r e s u l t s  fo r  the v e l o c i t y  of the  m a t e r i a l  a t  the s t a b i l i z e d  
s e g m e n t  (Fig.  3). The v e l o c i t y  was  m e a s u r e d  by m e a n s  of a r a d i o a c t i v e  i s o t o p e  me thod .  One of the  c a t a -  
l y s t  p a r t i c l e s  (5 = 2.5 mm)  was  t a g g e d  wi th  the  Sc 4G i s o t o p e ,  y i e l d i n g  T r a d i a t i o n  of r a t h e r  high e n e r g y .  
The i n s t a n t  a t  which  the p a r t i c l e  p a s s e s  a c o n t r o l  po in t  is  r e c o r d e d  by  m e a n s  of two o p e r a t i n g  s e n s o r s  (a 
t ) -349 -2  s c i n t i l l a t i o n  a t t a c h m e n t  wi th  NaI  (T1) c r y s t a l s ) ,  s e p a r a t e d  by 600 ram.  The s i g n a l  g e n e r a t e d  in 
the  s e n s o r  on p a s s a g e  of the  t a g g e d  p a r t i c l e  is  t r a n s m i t t e d  th rough  an a m p l i f i e r  to the  loop  o s c i l l o g r a p h  and 
r e c o r d e d  in the  f o r m  of a b u r s t .  Since  the r a p e  p a r t i c l e s  d i f f e r  l i t t l e  in t e r m s  of d e n s i t y  and s i z e  f r o m  the 
c a t a l y s t  p a r t i c l e s ,  we a l s o  used  the t a g g e d  c a t a l y s t  p a r t i c l e  to d e t e r m i n e  the a v e r a g e  v e l o c i t y  of r a p e  m o -  

t ion.  

Th i s  m e t h o d  of m e a s u r i n g  v e l o c i t y  a l s o  e n a b l e d  us to s tudy  c e r t a i n  quan t i t a t i ve  r e l a t i o n s h i p s  in the 
p r o c e s s  of  c o l l i s i o n  b e t w e e n  the p a r t i c l e s  of a p o l y d i s p e r s e  m a t e r i a l  in a v e r t i c a l  t w o - p h a s e  flow. On the 
b a s i s  of a n u m b e r  of s i m p l i f y i n g  a s s u m p t i o n s ,  an  a p p r o x i m a t e  t h e o r e t i c a l  so lu t ion  fo r  t h i s  p r o b l e m  has  
been  found in [11]. The r e s u l t s  f r o m  an e x p e r i m e n t a l  d e t e r m i n a t i o n  of the e f f ec t  of c o l l i s i o n  be tween  the 
r i s i n g  flow of the  fine f r a c t i o n  and a s i n g l e  l a r g e  p a r t i c l e  s e r v e s  a s  a c o n f i r m a t i o n  of the v a l i d i t y  of the  m o -  
de l  adop ted  in [11]. Below we p r e s e n t  the r e s u l t s  f r o m  a m o r e  d e t a i l e d  s tudy  of th i s  ques t ion ,  in c o n n e c -  

t ion wi th  the i n t e r a c t i o n  be tween  two l a r g e  g r o u p i n g s  of p a r t i c l e s .  

We used  a m i x t u r e  of two n a r r o w  f r a c t i o n s  of the  c a t a l y s t  (51 = 2.5 m m  and 52 = 0.338 ram) as  the  d i s -  
p e r s e  m a t e r i a l .  The  t e s t  i nvo lved  the m e a s u r i n g  of the  a v e r a g e  v e l o c i t y  of mo t ion  for  the  l a r g e  f r a c t i o n  
a t  the  s t a b i l i z e d  s e g m e n t  of the flow and the t e s t s  w e r e  c a r r i e d  out  in the r a n g e  w = 10 .5-15 .1  m / s e c  at  
c o n c e n t r a t i o n s  of #1 = 0 .525-2 .78  k g / k g ,  #2 = 0 .605-4 .3  k g / k g ,  and Pl/P2 = 0 .197-2 .13 .  

The  e x p e r i m e n t a l  r e s u l t s  c o n f i r m e d  the e a r l i e r  c o n c l u s i o n  [4, 11] a s  to the  s u b s t a n t i a l  e f f ec t  e x e r t e d  
by the c o l l i s i o n s  on the v e l o c i t y  of p a r t i c l e  m o t i o n  in a t w o - p h a s e  flow. F o r  e x a m p l e ,  fo r  w = 10.52 m / s e c  
and #2 = 3 . 4 - 4 . 1 6  k g / k g  the a v e r a g e  v e l o c i t y  fo r  the l a r g e  p a r t i c l e s  i s  5 .86 -6 .17  m / s e c ,  i . e . ,  i t  e x c e e d s  the  
" t h e o r e t i c a l "  m a g n i t u d e  of w - v~ by a f a c t o r  of 3 .6 -3 .8 .  

As  in [4], the  e x p e r i m e n t a l  da t a  w e r e  p r o c e s s e d  in d i m e n s i o n l e s s  qua n t i t i e s  YthandYex p. It fo l lows 
f r o m  [4, 8, 11] tha t  for  the  t e s t  cond i t i ons  the  e x p e r i m e n t a l  va lue  of the  d i m e n s i o n l e s s  a c c e l e r a t i o n  of the  
l a r g e  p a r t i c l e s ,  r e s u l t i n g  f r o m  c o l l i s i o n s  wi th  the  fine f r a c t i o n ,  can  be c a l c u l a t e d  as  fo l lows :  

XK,wu, { w- -  u~ ~2. 
Yexp = 1 + 2Dg ~ v, ] (6) 

The  v a l u e s  of the G a s t e r s t a d t  c o e f f i c i e n t  K 1 w e r e  d e t e r m i n e d  f r o m  (2). The v e l o c i t y  of the fine p a r t i c l e s  in 
the  s t a b i l i z e d  s e g m e n t  fo r  e a c h  of the  t e s t s  was  c a l c u l a t e d  f r o m  the equa t ion  
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7 2/3 
u2 = [ 0  ') i + 2J , (7) 

L g~Pg~ltz ul~2 

which, as shown by ca lcula t ion ,  is  solved by the method of i t e r a t ions .  The " theore t i ca l "  value of the ac -  
c e l e r a t i on  for the l a rge  p a r t i c l e s ,  caused  by co l l i s ions ,  acco rd ing  to [11] is equal to 

3 (1 + k~) pg(6, + 62) 2 w~2 (uz-- u~) 2 (s) 

The c o r r e c t i o n  fac tor  ~ ,  by means  of which we provide  for the d i f ference  between the r ea l  condit ions of the 
co l l i s ion  p r o c e s s  and the condit ions co r r e s pond i ng  to the model  adopted in [11], is obviously equal  to 

gexp 
a = - - .  (9) 

Y th 

The r e s u l t s  obtained in the p r o c e s s i n g  of the e x p e r i m e n t a l  data on the bas i s  of the outlined method 
(Fig. 4) a r e  s a t i s f a c t o r i l y  d e s c r i b e d  by the r e l a t i onsh ip  

a = 0.8 ~2-0, 687 , (10) 

which was de r ived  by the method of l e a s t  squares .  We see f rom Fig.  4 that  in the range s tudied here  the 
coef f ic ien t  a" is independent of the r e l a t i onsh ip  between the concer~tration of the f ract ion and the ve loc i ty  of 
the gas s t r e a m .  It is  c h a r a c t e r i s t i c  that  the values  of ~ were  lower  than in [4], where l a r g e r  p a r t i c l e s  
(52= 2-3 ram) were  used as  the fine f ract ion.  To de t e rmine  the fac to rs  for this  d ive rgence ,  we c a r r i e d  out 
a s e r i e s  of t e s t s  to de t e rmine  the reduced  f r e e - f a l l  ve loc i t i e s  for  a l a rge  pa r t i c l e  in a gas s t r e a m  and for  
a m i c r o s p h e r i c a l  c a t a ly s t  (52 = 0.338 mm).  The dashed l ines  in Fig.  4 show the l imi t s  of the field of ex-  
p e r i m e n t a l  points  for  this  s e r i e s .  Since mos t  of the points of the second s e r i e s  a re  a lso  within these  l imi t s ,  
t he re  is  appa ren t l y  no bas i s  for  the contention that  the quant i ta t ive  r e l a t i onsh ips  governing  the in te rac t ion  
between the flow of the fine f rac t ion and the s ingle  l a rge  pa r t i c l e ,  on the one hand, and between the f r a c -  
t ions of a two- f rac t ion  m a t e r i a l ,  on the o ther  hand, a r e  d i f ferent .  

In the l ight  of the above we can a s sume  that the d i f ference  between the r e su l t i ng  e xpe r i m e n t a l  data 
and the r e s u l t s  c i ted  in [4] a r e  explained p r i m a r i l y  by the d i f ference  in the d imens ions  of the f ine - f rac t ion  
p a r t i c l e s .  Apparen t ly ,  with a reduct ion  in 5~, the f rac t ion of the ene rgy  expended on the l a t e r a l  movement  
and ro ta t ion  of the p a r t i c l e s  i n c r e a s e s ,  thus reducing  the effect  of the co l l i s ions .  

D 
g 

K 

k n and k t 

12 

U 

V 

W 

5 

tz 
P 

p and p_ 
F r  = v / ~  
Re = w D / v  

N O T A T I O N  

is the channel d i a m e t e r ;  
is  the a c c e l e r a t i o n  of the force  of gravi ty ;  
is  the G a s t e r s t a d t  coeff icient ;  

a r e ,  r e s p e c t i v e l y ,  the r e c o v e r y  fac to rs  for  the no rma l  and tangent ia l  ve loc i ty  components  
on col l i s ion;  
is  the co l l i s ion  f requency for  the p a r t i c l e s  aga ins t  the wall;  
is  the v i scos i ty  of the d i s p e r s e  m a t e r i a l ;  
is  the f r e e - w a l l  ve loc i ty  for  the p a r t i c l e s ;  
is  the gas veloci ty;  
is the p a r t i c l e  s ize ;  
is the r e s i s t a n c e  fac tor  for  the flow of a pure  gas; 
IS the m a s s  f low- ra t e  concent ra t ion;  
is the k inemat ic  coeff ic ient  of v i scos i ty ;  
a r e ,  r e spec t i ve ly ,  the dens i ty  of the p a r t i c l e s  and of the gas;  
is  the modif ied Froude  number ;  
is the Reynolds number .  

S u b s c r i p t s  

1,2 
th, exp 

per ta in ,  r e spec t i ve ly ,  to the c o a r s e  and fine f rac t ions .  
r e f e r ,  r e s p e c t i v e l y ,  to t heo re t i ca l  and expe r imen ta l  va lues .  
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