
An analysis of the oscil logram shows that distinct deviations of the light beam are observed at the 
same measurement point. This is evidently caused by the distinct resis tance of the drops wetting the t rans -  
ducer. 

In turn, the resistance depends on the diameter  of the drops. Hence, the size of the drops incident on 
the t ransducer  can be determined by means of the magnitude of the current.  

Experiments conducted with a given different part icle  diameter,  obtained by using a drop generator [4], 
afforded the possibility of constructing a calibration curve to determine the drop diameter as a function of 
the value of the current.  Results of an analytical computation are  compared in Fig. 3 with experimental r e -  
sults characterizing the depth of fluid part icle  penetration zmax in the symmetr ic  domain of the jet impinge- 
ment zone or,  in other words, the part icle  deceleration path in the axial direction, in order  to analyze the 
hydrodynamics of the swirling jet impingement zone. 

The resul ts  of an analytical investigation are verif ied completely satisfactorily by the experimental 
check. 

The maximum value of the deceleration path fluctuated within the range 0.01-0.11 m for fluid drops of 
the size 100-1000 ~. 

N O T A T I O N  

m, par t ic le  mass; ~/r, specific gravity of the gas; 7p, specific gravity of the part icle;  F, middle sec- 
tion; c, frontal drag coefficient; Re, Reynolds number; v, kinematic viscosity; d, part icle diameter; Wgl, 
velocity at chamber exit; H, spacing between end faces; Wq~, Wr, Wz, tangential, radial, and axial gas veloci- 
t ies;  7, t ime; Zmax, maximum depth of part icle  penetration in the swirling impinging stream. 

1 .  

2 .  - -  

3. 
4. 

LITERATURE C I T E D  

Yu. P. Enyakin, Inzh.-Fiz. Zh., 1_4, No. 6 (1968). 
I.-T. ~.l'perin, Transport  P rocesses  in Impinging Jets  [in Russian], Nauka i Tekhnika, Minsk (1972). 
Bai Shi-I, Theory of Jets  [in Russian], Fizmatgiz (1960). 
E. K. Dabora, Instruments for Scientific Investigations [Russian translation], Mir, Moscow (1967). 

B E H A V I O R  O F  P O L Y D I S P E R S E  P A R T I C L E  C L O U D  

IN GAS FLO W AT LOW R E Y N O L D S  N U M B E R S  
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Expressions which describe the behavior of par t ic les  in a fluidized bed are obtained and 
studied. Comparative values are given for mass flow and energy of entrained part icles as a 
function of relative concentration of par t ic les  of a different type. 

A theoretical  expression Was obtained [1] with the help of a point-force approximation for the resistive 
f6rce acting on a uniform polydisperse cloud of par t ic les  in the direction of gas flow at low Reynolds numbers. 

The essence of the point-force approximation is the following: The perturbation introduced by a sphere 
in a flow at low Reynolds numbers is replaced by a point force applied to the center of the sphere. This 
force is assumed equal in magnitude but opposite in direction to the viscous force acting on a part icle in the 
direction of flow. 
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The  f o r c e  ac t ing  on a p a r t i c l e  o f  r a d i u s  a i in  the  d i r ec t ion  of  flow can then  b e  r e p r e s e n t e d  as [i] 

F t = 6 ~  atF ~ (~,) (v - -  wi). (1) 

Equat ion  (1) i s  a g e n e r a l i z a t i o n  of  the  we l l -known Stokes equa t ion  fo r  flow a round  an i s o l a t e d  p a r t i c l e  
wi th  k def ined by  the  e x p r e s s i o n  

~, = {6~rn, + [36n'm~ + 24~ml (l--3p/2)]w~ } / (2--3p), 

w h e r e  ml ,  m2, and m3 a r e  the  f i r s t  t h r e e  m o m e n t s  o f  the  p a r t i c l e - s i z e  d i s t r ibu t ion  funct ion n(a) ,  

m• = Sn(a)a'~ da, 

and p = 47rm3/3 is  the  vo lume  concen t r a t i on  o f  p a r t i c l e s .  

F o r  a s y s t e m  cons i s t ing  of  two s i z e s  of  p a r t i c l e s ,  it w a s  shown [2] tha t  al though the  r a t e  of  e n t r a i n -  
men t  of  fine p a r t i c l e s  d e c r e a s e s  as  t h e i r  r e l a t i v e  c o n c e n t r a t i o n  i n c r e a s e s ,  t h e i r  m a s s  and e n e r g y  flux in-  
c r e a s e  as  t h e i r  r e l a t i v e  c o n c e n t r a t i o n  i n c r e a s e s  ( for  f ixed ove ra l l  vo lume  c o n c e n t r a t i o n  of  the sol id  phase}. 

We c o n s i d e r  a s y s t e m  cons i s t i ng  o f  p a r t i c l e s  o f  t h r e e  s i ze s ,  

aa'<a~<as,  Pt<P2,  P~<P~, 

w h e r e  Pl, P2, and P3 a re ,  r e s p e c t i v e l y ,  the c oncen t r a t i ons  of  the  fine, med ium,  and c o a r s e  p a r t i c l e s .  Such a 
s y s t e m  c o r r e s p o n d s  b e t t e r  to  t he  actual  case .  

In th is  case ,  ml  and m2 a r e  given by the  r e l a t i o n s  

3 3 3 
ml = 4~a~ Px + 4na~ 9~ + 4na~ P3, 

3 3 3 
ms 91 + - -  P3 + - -  P3, 

4~a 1 4~a~ 4~a 3 

w h e r e  p = Pl + P2 * P3. 

In t roduc ing  the  nota t ion a2/a  1 = x > 1, a2 /a  3 = y < 1, we  obta in  

~,% = 4,5 [p + (x - -  1)p~ + ( y - -  1) p~]/(2 - -3p)  +{20,25 [p + (x - -  1)p~ + 

+ (y - -  1) p~]* + 18 [P + ( x2 - -  i)Pl! + (Y* - -  1) P31 (1 - -  3p/2)}w2 / (2-- 3p). ( , )  

To d e t e r m i n e  the  b e h a v i o r  of  the  p a r t i c l e s ,  we wr i t e  the sum of the f o r c e s  ac t ing  on a pa r t i c l e .  In the 
a s s u m e d  mode l ,  g r a v i t y  and the flow r e s i s t i v e  f o r c e  defined by Eq. (1) act  on  a p a r t i c l e .  We then  r e p r e s e n t  
t h e s e  equa l i t i es  f o r  t ype  1 and type  2 p a r t i c l e s  in the f o r m  

6 ~  a l l  (D (v - -  w~) = - -  d~ 4/3 ~a~ g, , 
. . . . .  (2) 

f, ()~) =- 1 + )~a, + 1/3 kUa~, i = 1, 2. ' .  

Cons ide r ing  tha t  the  mot ion  of  the flow i s  d i r e c t e d  oppos i t e ly  to the v e c t o r  f o r  a c c e l e r a t i o n  in f r ee  fall, 
we  so lve  t he  s y s t e m  with r e s p e c t  to  wi. 

A s s u m i n g  f u r t h e r  tha t  p a r t i c l e s  of  r ad ius  ae a r e  s t a t i ona ry  ( a r e  b a l a n c e d  by the flow, w2 = 0), we 
have  the  e x p r e s s i o n  

a 2 a ~ + a l a  ~(a~ 
w ~ =  1 a~f~(~,) v =  a 2 ( 1 - } - X a l +  ~/z  k~a~) v, (3) 

f o r  the  s t e a d y - s t a t e  ve loc i ty  of  the  fine p a r t i c l e s ,  w h e r e  v is  the  flow veloc i ty .  

I n t r o d u c i n g t h e  nota t ion  A = a ~ - a ~ ,  B=a~a2(a  ~ - a ~ ) ,  C = a~, D=ala~ ,  and E -  2 2 - a l e 2 ~ 3 ,  Eq. (3) can 
be  wr i t t en  

A + B ~  wl = v, (4) 
C + D% + E% ~ 

where A, B, C, D, E > 0. 

Differentiating Eq. (4), we obtain 

0wl 

Ok 

AD - -  BC + 2AEX + BE~) v < O, 
(C + DZ, + Eh*) 2 
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since A D - B C  = 2 2 a la2 (a2 ~Zl) > 0, 

Consequently,  wl d e c r e a s e s  a s  ~ i n c r e a s e s .  As i s  c l e a r  f rom Eq. (*), however ,  ~, i n c r e a s e s  with an 
i n c r e a s e  in the re la t ive  concentra t ion  Pl of the fine p a r t i c l e s  [for  fixed concentra t ions  p3 (concentra t ion  of 
the c o a r s e  par t i c les )  and p (overa l l  vo lume concent ra t ion  of the sol id phase)] .  

Thus ,  we find that  wl fal ls  w i t h i n c r e a s e  in the re la t ive  concentra t ion of fine p a r t i c l e s  (and with a c o r -  
responding d e c r e a s e  in the concentra t ion of med ium par t i c les ) .  Th is  conclusion follows quali tat ively f rom 
cons idera t ion  of Eq. (1). Thus ,  in the case  where  p a r t i c l e s  of  type  2 a r e  suspended,  i .e . ,  w2 = 0, a gas 
veloci ty  v of  lower  value i s  r e q u i r e d  for  equal izat ion of the weight of p a r t i c l e s  of type 2 when the re  is  a 
r i s e  in the coefficient  of  r e s i s t a n c e  ( i n c r e a s e  in ?,). Consequently,  the veloci ty  of p a r t i c l e s  of type 1 mus t  
also be  lower ,  s ince it i s  d i rec t ly  r e l a t ed  to gas  veloci ty.  

When t h e r e  is  an i n c r e a s e  in the  re la t ive  concentra t ion  of coa r s e  p a r t i c l e s  [for fixed concentra t ions  Pi 
(concentra t ion  of the fine par t i c les )  and p ( the ove ra l l  volume concentra t ion  of the solid phase)] ,  X falls.  

T h e r e f o r e ,  wt i n c r e a s e s  when t h e r e  is  an i n c r e a s e  in the re la t ive  concentra t ion  p 3 of the coa r s e  p a r t i -  
c les  (with a co r respond ing  d e c r e a s e  in the  concent ra t ion  of med ium par t i c les ) .  

P r o c e e d i n g  in a s i m i l a r  m a n n e r  with p a r t i c l e s  of types  2 and 3, we obtain an express ion  for  the veloci ty  
of  type 3 p a r t i c l e s  s i m i l a r  to Eq. (3), 

a 2 a3 + a2a8 (a~-- a3) X 

Cb2 _ 2 2 Introducing the notation A I = a 22-a3 ,2 B1 = a 2 a 3 ( a 2 - a 3 ) ,  CI 2 D1 =a~a3, arld E i a 2 a 3 / 3  , we r e  
wr i t e  the  exp re s s ion  for  the ve loc i ty  w~ in the f o r m  

AI + BIX 
C1 + DI~ + E I ~  

F rom the conditions in our  p r o b l e m ,  A1, B1 < 0 and C1, D1, E1 > 0. 

We r each  the  obvious conclusion that  the veloci ty  of p a r t i c l e s  of the  th i rd  kind i s  d i rec t ly  opposi te  to 
the d i rec t ion  of flow of  the fluidizing agent. 

Inves t igat ing the dependence of w8 on X, we obtain 

aw__~3 = B1C1--  AID1 - -  2A1E1~" + B1EI~) v. 

0X (C 1 + DxX + EI~)2 
The  f o r m  of th is  re la t ionship  indica tes  t ha t  the  magni tude of the veloci ty  w3 of the  c o a r s e  p a r t i c l e s  can 

e i the r  i n c r e a s e  o r  d e c r e a s e  when the  r e l a t ive  concentra t ion  of fine p a r t i c l e s  i n c r e a s e s  depending on the  r e -  
lat ionship be tween the  radi i  of  the t h r e e  types  of pa r t i c l e s .  

Fo r  p a r t i c l e s  10, 50, and 250/~ in s ize  and an ove ra l l  pa r t i c l e  concentra t ion of 0.5 in a bed, we c a l -  
culate the m a s s  flow Ji  of  p a r t i c l e s  in the  i - t h  f rac t ion  and the i r  energy  flux Q i: 

wi ' Qi = Pl Ji = Pi U 

We cons ide r  t h r e e  c a s e s  which a r e  c h a r a c t e r i z e d  by differ ing combinat ions of concentra t ions  (Table 1). 

The  tab le  m a k e s  i t  c l e a r  that  the m a s s  and energy  flows of fine p a r t i c l e s ,  i n c r e a s e  with an i n c r e a s e  in 
the i r  r e l a t ive  concent ra t ion  [for  fixed concent ra t ions  .o3 (concent ra t ions  of  c o a r s e  par t ic les )  and p (the o v e r -  
all vo lume concen t ra t iomof  the  solid phase)] ,  which ag ree s  with the r e su l t s  of [2] for  p a r t i c l e s  of two s izes .  
I n  addition, the table  indica tes  that  the m a s s  flow and ene rgy  flow of fine p a r t i c l e s  also i n c r e a s e  when t h e r e  
is  a r i s e  in the  r e l a t ive  concentra t ion  of c o a r s e  pa r t i c l e s .  

TABLE 1. Mass  Flow of Fine P a r t i c l e s  f rom a Bed for  a 
Fiuidizat ion Mode in Which Medium P a r t i c i e s  Are  
Suspended 

f N o. Pl P, 

I o,15 I o, o 
2 0.10 l 025 
3 015 I 025 

PJ J t  

0,15 0,0585 
015 00446 
0,10 0,0372 

Q~ 

0,00890 
0,00887 
0,00834 
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TABLE 2. Mass Flow of Fine and Medium P a r t i c l e s  f rom a Bed 
for  a Fluidization Mode in Which Coarse  P a r t i c l e s  Are  Suspended 

No. p, p, pa w~/v tv,/v J, J, Qx Q, 

0,15 
0,10 
0,15 

0,20 I 0,15 0,25 0,15 
0,25 0,10 

0,46 
0;496 
0,444 

0,105 
0.169 
0,11 

0,0689 
0,0496 
0,9662 

0,O21 
0,042 
0,0275 

0,00146 
0,0122 
0,0013 

0,000232 
0,00121 
0,00033 

In the genera l  case  where  pa r t i c l e s  of type j a re  suspended, i .e . ,  wj = 0, the veloci ty  of pa r t i c l e s  of 
type i is  given by 

w,-----J1- a~fs(~) ] 

Calculated resu l t s  for  the quantities wl /v ,  w2/v,  J1, Jz, QI, and Qz are  given in Table  2 for  the case  
where  pa r t i c l e s  of type 3 are  suspended. 

As follows f rom the resu l t s  given, ent ra inment  of pa r t i c l e s  in the fine f rac t ion dec rea se s  both with de- 
c r ea se  in the concentra t ion of pa r t i c l e s  in this  f ract ion and also with d ec r ea se  in the concentrat ion of coarse  
par t i c les .  The total  ent ra inment  of fine and medium pa r t i c l e s  is held p rac t i ca l ly  constant when t h e r e  is a 
fixed concentra t ion of coa r se  par t i c les ,  and the total  flow of fine and medium pa r t i c l e s  i nc rea se s  with a r e -  
duction in the concentra t ion of coa r se  pa r t i c l e s  (with the overa l l  concentrat ion of the solid phase held fixed).  

Thus,  the re la t ions  p r e sen t ed  mid analyzed provide  an opportunity to evaluate the effect of f ract ional  
composi t ion on the amount of par t i c le  ent ra inment  for  var ious  modes  of fluidization. 

N O T A T I O N  

/z, coefficient of flow viscosi ty ;  a ,  radius of solid par t i c le ;  v, flow veloci ty;  w, veloci ty  of solid pa r t i -  
c les ;  p, vo lumet r ic  f rac t ion of solid phase  in the medium; PI' P2' P3' concentra t ions  of fine, medium, and 
coa r se  pa r t i c l e s ,  respect ive ly ;  a l ,  a2, a3, radii  of fine, medium, and coa r se  pa r t i c l e s ;  wl, veloci ty of fine 
pa r t i c l es ;  J1, ma s s  flow of fine fract ion;  Q1, energy flow of fine fraction. 
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