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The e f f ec t  of the shape  of a r o t a t i n g  flow on the m o t i o n  of a p a r t i c l e  in i t  is  s t u d i e d .  The 
cond i t i ons  fo r  and r e g i o n s  of s t ab l e  m o t i o n  of a s o l i d  p a r t i c l e  a r e  found.  

In s e v e r a l  s t u d i e s  [1-3] of dus t  s e p a r a t i o n  in a p l a n a r  r o t a t i n g  flow wi th  a v e r t i c a l  ax i s  and c e n t r a l  
sha f t ,  i t  has  been  shown that  an " e q u i l i b r i u m  c i r c l e "  e x i s t s  fo r  e v e r y  dus t  p a r t i c l e .  When  a dus t  p a r t i c l e  
m o v e s  u n i f o r m l y  a long  th i s  c i r c l e ,  the o p p o s i t e l y  d i r e c t e d  c e n t r i f u g a l  f o r c e  F c and d r a g  f o r c e  F d a r e  equa l  
in m a g n i t u d e .  The  equa t ion  fo r  e q u i l i b r i u m  m o t i o n  fo r  the p a r t i c l e  a long  the c i r c l e  is  t h e r e f o r e  

Fc  = F d, 

o r ,  in e x p a n d e d  f o r m ,  
2 a 5  ~ p~v~ a 5  a v~ _ @ (1) 
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L e t  us  c o n s i d e r  the s t a b i l i t y  cond i t i ons  fo r  th is  e q u i l i b r i u m .  We c o n v e r t  Eq.  (1) to d i m e n s i o n l e s s  
f o r m :  
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F i g .  1. Reg ions  of s t a b l e - e q u i l i b r i u m  
m o t i o n  of the p a r t i c l e ,  a) n = 1.0; b) 0.5; 

c) 0 . 2 5 ; d )  0. [1) A > A c r ; 2 )  A = A c r ; 3 )  
A < A c r ] .  

ctg ~ a ctg ao Rea/C = ~ Re "~, (2) 

w h e r e  Re = 5Vr&/~/ i s  the R e y n o l d s  n u m b e r  fo r  a p a r t i c l e  
m o v i n g  a long  the c i r c l e ,  c o t a  = vq~/Vr;  c o t a 0  = vq~/Vr0; C 
= 3vq~0r0p2/4VP2. S ince  the  con t inu i ty  e q u a t i o n  for  p l a n a r  flow 
is  v r r  = cons t ,  a d e p e n d e n c e  cot(~ = f l ( r )  = f2(vr) = fa(Re) 
c a n  a l w a y s  be found e x p e r i m e n t a l l y  in the m o s t  g e n e r a l  c a s e ;  
then ,  u s ing  the no ta t ion  c o t a 0 / C  = B, we r e w r i t e  Eq .  (2) a s  

F c = B~ (Re) = F d = ,  Re 2. (3) 

The  r o o t s  of (3) a r e  the R e y n o l d s  n u m b e r s  Re e fo r  e q u i -  
l i b r i u m  t r a j e c t o r i e s ,  a long  which  the d i m e n s i o n l e s s  t r a j e c -  
t o r y  r a d i i  can  be  c a l c u l a t e d :  

Pe = re~to = R ctg a0/Re e (R = 6v~0pl/q). 

The  e R e  2 = ~ol(Re ) d e p e n d e n c e  is  of c o m p l e t e l y  d e f -  
i n i t e  f o r m  for  dus t  p a r t i c l e s  of known s h a p e ,  and i t  can  be 
c a l c u l a t e d  f r o m  e x p e r i m e n t a l  d a t a  fo r ,  e . g . ,  s p h e r i c a l  p a r -  
d e l e s  [4]. The f o r m  of the  B~(Re) = ~2(Re) cu rve  is g o v e r n e d  
by the f o r m  of the funct ion  ~(Re) and the quant i ty  B,  which  
a f f ec t  the n u m b e r  of r o o t s  of (3), i . e . ,  the n u m b e r  of e q u i -  
l i b r i u m  t r a j e c t o r i e s ;  they a l s o  a f f ec t  the f o r m  of the e q u i -  
l i b r i u m  if t h e r e  is  one .  

If  the F c = q~z(Re) c u r v e  i n t e r s e c t s  the F d = ~ l (Re)  
c u r v e  f r o m  the le f t  and  f r o m  be low,  i . e . ,  d F c / d R e  > d F d / d R e  
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TABLE 1. C h a r a c t e r i s t i c  P a r a m e t e r s  for the T r a j e c t o r i e s  of F ig .  

2 (cot~  0 = 1) 

Trajec- c R A p st u n  
n Act tory No. Pe Pmin 

I00 140 1,4 2 , 2 5  - -  0,485 
0,5 0,38 100 80 0,8 0,407 0,402 

342 82 ~ 0,000 0,24 -- 
71,6 1,5.104 640 1280 ] 3,4"10-2 0,505 
25,3 [12,0 0,25 10,0 640 640 I 0,142 0,468 

0,000 8,95 6 640 320 I -- 
i 

415 7 128 230 0,262 0,456 
323 O, 422 0,00 22,4 8 128 179 1 0,422 
46 9 128 76,8 [ 6,30 0,000 
II ,5 0 128 384 j - -  O, 000 

. .  . 

,4  i 

/ / t , ' X ~ . ~  \'I\ Fig. 2. Trajectories ofsolid ! ~~~~--~---~ p a r t i c l e s  ( c o t a 0 = l . 0 ) .  a) 
/ . =  b, o)0 
k ~ . ' ~ ~ z / ' /  / T r a j e c t o r y  n u m b e r s .  

with Re = Re e ,  the e q u i l i b r i u m  ro t a t ion  of  the p a r t i c l e  is  s t ab l e .  If, because  of some e x t e r n a l  p e r t u r b a t i o n ,  
I I 

the p a r t i c l e  is  shi f ted  to a r a d i u s  p'  < Pe (Re'  > Ree) ,  then we have F c > Fd,  and the p a r t i c l e  tends  to r e -  
? t 

t u r n  to the p r e v i o u s  t r a j e c t o r y  of r ad ius  Pc- Ana logous ly ,  if p'  > Pc, we have F c < Fd,  and the p a r t i c l e  
tends  to r e t u r n  to p = Pc" 

On the o the r  hand,  if the F e curve  i n t e r s e c t s  the F d cu rve  f r o m  the left  and f r o m  above ( d F c / d R e  
< dF  d / d R e  with Re = Ree) ,  the e q u i l i b r i u m  is uns t a b l e .  If these  c u r v e s  do not  i n t e r s e c t ,  there  is  no e q u i -  
l i b r i u m  t r a j e c t o r y .  

Le t  us c o n s i d e r  the p a r t i c u l a r  case  in which the r ad i a l  p ro f i l e  of the t angen t ia l  ve loc i ty  is a p p r o x i -  
m a t e d  by vq~r n = cons t ,  where  n v a r i e s  f r o m  - 1  (quas i r ig id  ro ta t ion)  to 1 (potential  flow). Then  Eq.  (3) can 
be w r i t t e n  

A l ~e  l+2n = ~ l~e  2, ( 4 )  

where 
A = R 2-2" ctg2"+lao/C. 
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The existence and type of equilibrium are governed by the quantities n and A. We limit the discus- 

sion to the range Re -< 105, corresponding to conditions for separation of real dust. Here the log F d = f(log 

Re) dependence for 0 < Re -< 0.i (r = 24/Re) is described by a straight line with a slope of one; for 0.i 

< Re --< 103, it is described by a concave curve; for 103< Re -< 105 (r ~ 0.4), it is described by a straight 

line with a slope of two. In Fig. I, the curves show the log F d = f(logRe) dependence, while the lines 1-3 

show the log F e = f(logRe) dependence for various A in Eq. (4). 

It follows (Fig. i) that: I) there is one stable-equilibrium position for all A when 0.5 < n -< 1 (Fig. la); 

2) when n = 0.5, there exists either one stable-equilibrium position at point M (A >Acr), or there is no 

equilibrium (A --< Acr ) (Fig. ib); 3) when 0 < n < 0.5, there are two equilibrium positions if A >Act (stable 

at small Re -point N -and unstable at large Re -point M), there is one unstable equilibrium (A = Acr ), 
or there is no equilibrium A < Act (Fig. le); 4) when n = 0, there is either one unstable equilibrium at N 

(A >Acr) or there is no equilibrium (A -<Act ) (Fig. Id); 5) when n < 0, there is a single unstable equilibrium 

for all A. The value of Acr (the segment OK in Fig. ib-ld) increases with decreasing n (Table i). 

As an example of this procedure, we have used a Ural-2 computer to solve the system of dimen- 

sionless differential equations of motion of the particle [3] for several parameter values with the following 

initial conditions: q~0 = 0; P0 = i; W~0 = 0.01, and Wr0 = -0.01. The calculated results are shown inTable 1 

and in Fig. 2. 

When 0 < n -< 0.5 with A < Acr , and when n - 0 with any A, the particle tends to move either toward the 

rotation center (p -- 0) or toward the periphery (p ~ ~o), depending on the position of the point at which the 

particle is introduced with respect to its equilibrium trajectory. If, e.g., we set p2/pl = i000, r 0 = I m, 

cotc~ 0 = 1.0, and vq~ 0 = I0 m/see; the Acr value corresponds to 5cr = 160-440 p for various n. 

Accordingly, if the limiting size for the dust separation satisfies 5 b < 5cr (as is true for most prac- 

tical cases), centrifugal separation is impossible with n - 0.5. 

6 , &  

~7, P~. 

r ,  Vr, v g  

r0, Vr 0, v~o 0 

C, R, B, A, Re 

N O T A T I O N  

are the size and density of the par t ic le ;  
a re  the dynamical  v iscos i ty  and gas density; 
is the drag coefficient; 
are  the instantaneous values of the radius vec tor  of the part icle and the project ions of the 
flow velocity on the radius vec tor  and on the normal  to it, respect ively;  
are  the charac te r i s t i c  values of the same quantities (at the points at which the par t ic le  
is introduced); 
are  the dimensionless  charac te r i s t i c  pa rame te r s .  

1. 

2. 
3. 
4. 

L I T E R A T U R E  C I T E D  

S. Ya. Bokshtein, Au thor ' s  Abs t rac t  of Candidate 's  Disser ta t ion [in Russian],  VNIINSM, Moscow (1965). 
H. Rumpf, For t schr i t te  und Probleme auf dem Gebiete der  Windsichtung, No. 47, Staub (1956). 
N. I. Zverev and S. G. Ushakov, Inzh. Fiz.  Zh., 14, No. 1 (1968). 
N. A. Fuks, The Mechanics of Aeroso l s  [in Russian],  Izd. AN SSSR (1955). 

33 


