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It is shown that the process of stabilizing the motion of a particle in a 
rotating potential flow takes the form of aperiodic damped oscillations. 

A poss ib le  mot ion in centr i fugal  equipment  is equi-  
l i b r ium s t eady-s t a t e  c i r c u l a r  mot ion under  the act ion 
of equal and opposite centr i fugal  and drag forces .  The 
radius  rp of the c i r c l e  is de te rmined  by the d imen-  
s ions of the pa r t i c le  and the flow, the flow velocity,  
and the physica l  constants  of the gas and the par t ic le .  
It is  often a s sumed  [1, 2] that if for  a given pa r t i c l e  
t i n  < rp  < rout  ( r in  and rout  a re  the radi i  of the 
cent ra l  outlet and outer  wall of the equipment,  r e -  
spectively),  the pa r t i c le  revolves  indef ini te ly  around 
this equ i l ib r ium c i rc le  and will  en te r  the fine or 
coarse  f rac t ion  only as a r e su l t  of var ious  random 
inf luences:  col l is ions  with other  pa r t i c l es ,  tu rbulen t  
f luctuat ions of the flow, etc. 

We at tempted a more  complete inves t igat ion of the 
mot ion of a spher ica l  pa r t i c le  in a plane ro ta t ing  flow 
with cen t ra l  outlet and ver t ica l  axis.  

The di f ferent ia l  equations of mot ion of a dust  
pa r t i c le  in po la r  coordinates  r ,  ~o have the form 
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Substi tuting for  F r and F~0 in (1) and (2) 

dWr - ~ + ~p ~ (v~-- ~), 
dt r 

To these equations we 
equations 

(3) 

(4) 

must add the two kinematic 

d~ _ w~ (6) 
dt r 

Dividing (3), (4), and (5) by (6) and express ing  r,  v, 
and w in t e r m s  of the cha rac te r i s t i c  quant i t ies  r 0 and 
v 0, we obtain the following sys t em of d imens ion less  
d i f ferent ia l  equations of motion of a dust pa r t i c le :  

dp W r 
- -  p ( 7 )  

dcp W,p' 

dW r W~ + ~p = - - ( v , -  w,), (8) 
d ~ St We 

dW~ W, --w,). (9) - + *P "v 
dqD S--(W-r t ~ 

Consider  the case of potential  rota t ion 

1 Vr - tg~  
V ~ = p ,  P , 

where tg c~ = Vr/V~o. 
If for s t eady-s ta te  rotat ion of the pa r t i c le  we set 

rp dWr =0 ,  Wr = O, Wr p = p p - -  , 
d ~ ro 

in  (8), we obtain 

U = t g ~  l/ ~ = ~ / ' ~  ~ 

for the d imens ion le s s  c r i t i ca l  velocity in the cen t r i f -  
ugal force field; 

Pp 

dr 
-w,., (5) 

dt 

i s  the d imens ion less  pa r t i c le  d iameter .  
After  evaluat ing U we find Re, r D f rom tables of 

the function r = f ( B e )  and then pp. 

/ / r :x 4 l lf 

Fig. 1. Pa r t i c l e  t r a j ec to r i e s  in a ro ta t ing  potential  flow (St = 32, R = 64): 
a) tg ~ = 0.3; b) 1.0; c) 3.0. 
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Fig. 2. Maximum particle overshoot as a 
function of the character is t ic  parameters :  
1) tg ~ = 0.6; 2) 0.7; 3) 0.8; 4) 0.9; 5) 1.0; 
6) 1.2; 7) 1.4; 8) 1.6; 9) 1.8; 10) 2.0; 

11) 2.6; 12) 3.0. 
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Fig. 3. Logarithmic decrement 
as a function of the character -  
istic parameters :  1} tg ~ = 1.6; 

2) 2.0; 3) 3.0. 
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We as sume  that the par t ic le  is  introduced into the 
flow at the point r = 0, P0 = 2pp with a velocity equal 
to the flow velocity at that point. 

System (7)-(9) was in tegra ted  numer i ca l ly  by a 
modified Runge-Kutta  method, The values  of r a re  
exper imenta l  and were  taken f rom r = f (Re)  tables .  
The Re number  was calculated f rom the equation 

Re = R ~:-- V/r)2 -F (V~ -- W~) 2 

The calculations were carried out on a "Ural-2" 
computer. The computation error was e- 0.00001. 
A total of 260 var iants  were calculated for var ious 
values of the p a r a m e t e r s  

S t=10-~- -4 .10  s, R = 1 0  -3-1.3.105 , 

tg a = 0 . 3 -  3.0. 

The typical  pa r t i c l e  t r a j ec to r i e s  p resen ted  in  
Fig. l a ,  b, c co r respond  to ident ical  values  of the 
p a r a m e t e r s  St = 32 and R = 64, but different  values 
of tg ~ (tg ~ = 0.3, 1.0, 3.0), The radius  is expressed  
in f rac t ions  of pp. 

F rom an inspec t ion  of the t r a j ec to r i e s  we draw the 
following conclusions:  

1) the par t ic le  approaches the steady state (p = pp = 
= const) by a p roces s  of aperiodic,  rapidly damped 
osc i l la t ions ,  with ine r t i a l  overshoots  on both s ides of 
the equi l ib r ium t ra jec to ry ,  and 

2) the overshoots  i n c r e a s e  sharply  as the degree  
of twist  dec reases  (tg ~ inc reases ) .  

The max imum overshoot  h 1 (Fig. lc)  as a function 
of St and R is r ep resen ted  by a fami ly  of curves .  If 
we subst i tute  for  St and R the der ived  p a r a m e t e r s  
C = R2/St = R e o ( P l / P z )  (where Re0 = (3 /4 ) (V~poroP, /~ l )  
is  the Reynolds number  for  the flow) and A = St/R = 

= ( 4 / 3 ) ( 6 p 2 / r o p l ) ,  then for each tg ~ the values of h 1 
fit a s ingle curve (Fig. 2), i .e . ,  in  this case the pro-  
cess is s e l f - s i m i l a r  with respec t  to the p a r a m e t e r  Ao 

As C inc reases ,  the max imum iner t ia l  overshoot  
dec reases  and the logar i thmic  dec rement  of the p a r -  
t ic le  osci l la t ions  >~ = In(hi /h2)  grows (Fig. lc ,  3), 
i .e , ,  the steady state of motion along the equi l ibr ium 
t r a j ec to ry  is more  rapidly approached. 

NO TA TIO N 

6 and P2 a re  the diamete  r (m) and the densi ty  (kg/  
/ m  3) of a dust pa r t i c le ;  ~ and Pl are  the dynamic vis-  
cosity (N. s e c / m  2) and densi ty  (kg/m 3) of the gas;  
m is the mass  of a dust par t ic le  (kg); w and v a re  the 
veloci t ies  of the dust pa r t i c le  and the gas (m/sec) ,  
respec t ive ly ;  u is the gas velocity re la t ive  to a dust 
pa r t i c l e  (m/ sec ) ;  j is the acce le ra t ion  of the dust  p a r -  
t ic le  (m/sec2);  F is the drag force (N); t is the t ime 
(sec);  c and r a re  the quadrat ic  and l inea r  drag co- 
eff icients;  Re = u 6 p l / ~  is  the Reynolds number  for  the 
dust pa r t i c le ;  St = 462vga0P2/3~r0 is the Stokes number ;  
R = 6vgoop l /~  is a d imens ion less  number ;  V = v/v 0, 
W = w/v  0 a re  the d imens ion les s  gas and dust pa r t i c l e  
veloci t ies ;  and p = r / r  0 is the d imens ion less  radius .  

REFERENCES 

i. H. Rumpf, Fortschritte und Probleme auf dem 
Gebiete der Windsichtung, Staub, no. 47, 1956. 

2. S, Yao Bokshtein, Author's abstract of disserta- 
tion VNIINSM, Moscow, 1965. 

3 May 1967 Dzerzhinski i  Al l -Union  Heat 
Engineer ing  Inst i tute,  
Ea s t e r n  Branch,  Chelyahinsk 


