
JOURNAL OF ENGINEERING PHYSICS 

E F F E C T  OF  THE INITIAL V E L O C I T Y  OF AN AEROSOL ON ITS T R A J E C T O R Y  IN A CURVING 
GAS S T R E A M  
V. E.  Mas lov ,  V. D. Lebedev ,  and S. G. Ushakov 

I n z h e n e r n o - F i z i c h e s k i i  Zhurna l ,  Vol. 15, No. 3, pp. 450-454 ,  1968 

UDC 532.529.5 

On the  b a s i s  of an e x p e r i m e n t a l  and t h e o r e t i c a l  i nves t iga t ion ,  the  au thors  ana lyze  the e f fec t  
of the in i t ia l  v e l o c i t y  of an a e r o s o l  on its subsequen t  mot ion .  

In m o s t  t w o - p h a s e  m e d i a ,  the  in i t i a l  ve loc i ty  of the  a e r o s o l ,  wq0u, d i f f e r s  f r o m  the  v e l o c i t y  of the  c a r r i e r  flow, 
v. Acco rd ing ly ,  it i s  v e r y  i m p o r t a n t  to know the  ef fec t  of wq00 on the  t r a j e c t o r i e s  of the  dust  p a r t i c l e s ,  which,  in t he  
l a s t  ana lys i s ,  d e t e r m i n e  the p r e c i p i t a t i o n  e f f i c i ency  of v a r i o u s  t ypes  of i ne r t i a l  equ ipment .  We a r e  unaware  of any 
e x p e r i m e n t a l  s t ud i e s  of th i s  p r o b l e m .  T h e o r e t i c a l  i n v e s t i g a t i o n  [1] was  m a d e  fo r  the  l a r g e  v (120 m / s e c )  t yp i ca l  of 
c y c l o n e  f u r n a c e s  bu rn ing  p u l v e r i z e d  fuel .  

We have  a t t e m p t e d  to m a k e  an e x p e r i m e n t a l  and t h e o r e t i c a l  i n v e s t i g a t i o n  of the e f fec t  of wrp0 on the  t r a j e c t o r y  of 
an a e r o s o l  at v = 5 - 2 0  m / s e c  o v e r  a b road  r a n g e  of v a r i a t i o n  of the p a r t i c l e  s i z e  (6 = 16 .5 -427  p). As the  ob jec t  of 
i n v e s t i g a t i o n  we s e l e c t e d  an annu la r  channel  with a i r  at T = 2 9 3 - 3 0 3  ~ K as  the  c a r r i e r  m e d i u m .  

As the aerosol we used narrow fractions of potassium dichromate dust K2Cr2077(p 2 = 272 kg �9 seeZ/m4), sifted in 
air classifiers and, hence, hydrodynamically identical with spherical particles [2]. 

As  the  d i a m e t e r  of the  nomina l  s p h e r i c a l  p a r t i c l e  6- we took the  a r i t h m e t i c  m e a n  of  the  hyd rau l i c  d i a m e t e r  of the  
dus t  f r a c t i o n  (table).  A thin j e t  of dus t  7 m m  in d i a m e t e r  was  i n t roduced  into the  e n t r a n c e  r e g i o n  of the channel  at 
v a r i o u s  w~00 by m e a n s  of spec i a l  f e e d e r s .  

S izes  of Dust  F r a c t i o n s  

~,, u 13--2020--3030--4545--67 67--101 101--152 152--227 227--341 341--513 

~, ~ ] 16.5 25 37.5 56 84 126.5 189.5 284 427 
J 

J 

Along the  r a d i u s  of the channel  e v e r y  12 ~ we i n t roduced  r o d s  of length  DI - D a c o n s i s t i n g  of 25 s m a l l  v a s e l i n e  
coa t ed  c y l i n d e r s  6 m m  in ou t s ide  d i a m e t e r .  The amount  of dust  p r e c i p i t a t e d  on the individual  c y l i n d e r s  was d e t e r m i n e d  
by i o d o m e t r y  [3]. S teps  w e r e  taken  to e n s u r e  that  t h e r e  was  no r i c o c h e t i n g  of dus t  f r o m  p a r t i c l e s  p r e v i o u s l y  
p r e c i p i t a t e d  on the  s t icky s u r f a c e  of the  r o d  [4]. F r o m  the  m a x i m u m  of the  dust  d i s t r i b u t i o n  c u r v e  a long the  length  of 
the  rod,  t ak ing  into account  i ts  d e g r e e  of p r e c i p i t a t i o n  on the s u r f a c e  of the  c y l i n d e r  [5], we d e t e r m i n e d  one point  on 
the  a e r o s o l  t r a j e c t o r y .  

We f i r s t  r e c o r d e d  the  v e l o c i t y  f i e l d s  with a f i v e - c h a n n e l  s p h e r i c a l  p robe  at the points  w h e r e  the  r o d s  w e r e  to be 
in s t a l l ed .  The axial  c o m p o n e n t s  of the  v e l o c i t i e s  w e r e  p r a c t i c a l l y  equal  to z e r o ,  the r a d i a l  c o m p o n e n t s  w e r e  10-20% 
of the  to ta l  v e l o c i t y ;  t h e r e f o r e  in the  f i r s t  a p p r o x i m a t i o n  the  mot ion  of  the c a r r i e r  f low m a y  be a s s u m e d  t angen t i a l .  

The v e r y  low c o n c e n t r a t i o n  of t he  dus t  (not m o r e  than 6 0 m g / m  3) m a k e s  it  p o s s i b l e  to c o m p a r e  the  e x p e r i m e n t a l  
t r a j e c t o r i e s  with the  r e s u l t s  of a ca l cu l a t i on  of the  mo t ion  of an individual  p a r t i c l e  in a c c o r d a n c e  with the fo l lowing  
d i m e n s i o n l e s s  d i f f e r e n t i a l  equa t ions  (in po l a r  c o o r d i n a t e s ) :  

d p/d oF = p Wr/W~; 

dWJd <p = W~ - -  ~ 'p WJSt W~ - -  p cos ~/W,~ Fr; (1) 

dWJd ~p = - -  W~ -~ ~'p (1 - -  We)/St W~ -b p sin ~/W~ Fr, 
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w h e r e  C v = r Re = f (Re) is  the  r e d u c e d  p a r t i c l e  d r a g  coe f f i c i en t ;  Re = R(W~ + (1 - W~o)~)l/2 is  the  Reyno lds  n u m b e r  for  the  
p a r t i c l e ;  W r = Wr/V, W~v = w~o/v a r e  the d i m e n s i o n l e s s  p a r t i c l e  v e l o c i t i e s  ; p -- r / r 0  and ~ a r e  the po l a r  c o o r d i n a t e s  of the 
p a r t i c l e ;  and St, R, F r  a r e  c h a r a c t e r i s t i c  p a r a m e t e r s .  

F ig .  1. E x p e r i m e n t a l  t r a j e c t o r i e s  of p a r t i c l e s  fo r  5 = 16.5 # 
and v = 5 m / s e c  (D I = 1000; D 2 = 500): 1) w~o 0 = 0; 2) 0.6; 

3) 1.0; 4) 2.0. 

The in i t ia l  cond i t ions  a r e  ~o 0 = 0; P0 = 1; Wr0 = 0; W~0. S y s t e m  (1) was  i n t e g r a t e d  on a U r a l - 2  c o m p u t e r ,  the 
c o m p u t a t i o n  a l g o r i t h m  be ing  a f o u r - p o i n t  R u n g e - K u t t a  s c h e m e ,  and the  r e l a t i v e  e r r o r  of  the  c o m p u t a t i o n s  e -< 0.001. 

The  e x p e r i m e n t s  and c a l c u l a t i o n s  showed that  v a r i a t i o n  of W~0 in the  r a n g e  0 - 2 . 0  a f fec t s  the  dus t  t r a j e c t o r y  at 
a l l  the  ~ i nves t i ga t ed .  Howeve r ,  t he  d e g r e e  of th i s  e f fec t ,  in turn ,  depends  on the magn i tude  of 6 and v. It is  c l e a r  
f r o m  Fig .  1 that  at 6 = 16.5# the  t r a j e c t o r i e s  with We0 = 0.6 and W~o0 = 2.0 beg in  to d i v e r g e  only a f t e r  the  a e r o s o l  has  
t r a v e r s e d  a path  equal  to 7r/2. A s h a r p e r  e longa t ion  of the  t r a j e c t o r i e s  is  o b s e r v e d  on t r a n s i t i o n  to W~o 0 = 0. The 
t r a j e c t o r i e s  of the  a e r o s o l  with 6 = 126.5 p at d i f f e r en t  W~o 0 beg in  to  d i v e r g e  even  in the e n t r a n c e  r e g i o n  of  the  c u r v e d  
c h a n n e l  (see  F i g s .  2 and 3). A c o m p a r i s o n  of F ig .  2 and Fig .  3 a l so  shows  that  at ~ = cons t  the  ef fec t  of w~o 0 is 
m a n i f e s t e d  the  m o r e  s t rong ly ,  the s m a l l e r  v. Howeve r ,  the  d e g r e e  of d i v e r g e n c e  of the  t r a j e c t o r i e s  due to  the  
v a r i a t i o n  of W~0 at v a r i o u s  abso lu t e  v a l u e s  of v depends ,  in tu rn ,  on ~- and is  m a n i f e s t e d  the  m o r e  s t rong ly ,  the  
c o a r s e r  the  a e r o s o l .  In p a r t i c u l a r ,  at ~ = 16.5 p the d i v e r g e n c e  of t r a j e c t o r i e s  with d i f f e r en t  W~o 0 at v = 5 and 
19 m / s e c  is  p r a c t i c a l l y  the  s a m e .  

f? ff To d e m o n s t r a t e  the  e f fec t  of W~o 0 in p u r e r  f o r m ,  we have  p r e s e n t e d  in Fig .  4 the  e x p e r i m e n t a l  and t h e o r e t i c a l  
q~c/q~c0 = f ( ~ )  c u r v e s  c h a r a c t e r i z i n g  the  d e g r e e  of dev i a t i on  of t he  end point  of the t r a j e c t o r y  at v a r i o u s  v a l u e s  of 
W~o 0 (v = 5 m / s e c )  f r o m  the  c a s e  W~o0 = 1.0. At ~ = cons t  the  d e g r e e  of dev i a t i on  is  t he  s t r o n g e r ,  the  m o r e  W~0 d i f f e r s  
f r o m  the  c a s e  W~o 0 = 1. The end point  of the t r a j e c t o r y  of f ine dus t  ( 6 <  16.5 ~) is  a l m o s t  independent  of  W~o 0. 

At ~ _> 16.5 #, it is p o s s i b l e  to d i s t i ngu i sh  t h r e e  c h a r a c t e r i s t i c  c a s e s  of the  c u r v e  ~Oc/~Oc0 =f  (5). At  W~o 0 = 0, ~Oc/~Oco 
i n c r e a s e s  con t inuous ly  wi th  i n c r e a s e  in ~. At 6 = 427 #, dus t  beg ins  to s e t t l e  out  of  the  s t r e a m  onto the inne r  s u r f a c e  oI 
the  channe l  owing to the  in f luence  of g r a v i t y  (Fig.  2, dashed  l ine)  and, hence ,  ~OcAOC_0 ~ ~o. At 1 > W~0 > 0, the  e f fec t  
of ~ on ~OcAOc0 is  f e l t  only up to a c e r t a i n  l i m i t ,  beyond which a f u r t h e r  i n c r e a s e  in 6 has  a l m o s t  no e f fec t  on the  
b e h a v i o r  of the  c u r v e  q~c/q~c0 =f ('6). 

At W~o 0 > 1 and ~Oc/~Oc0 = f (6-~ c u r v e  has  a c l e a r l y  e x p r e s s e d  m a x i m u m  at a c e r t a i n  v a l u e  of 7, beyond  which it  
beg ins  to  tend  t o w a r d  a cons t an t  va lue .  The p r e s e n c e  of a point  of in f l ec t ion  on the c u r v e  at W~o 0 > t is  a t t r i bu t ab l e  to 
the  fac t  that  the t r a j e c t o r i e s  fo r  d i f f e r e n t  6 a r e  c o m p a r e d  on the b a s i s  of d i f f e r e n t  path  l eng ths .  

At v = 1 9 m / s e c  the q u a l i t a t i v e  n a t u r e  of the  c u r v e s  with W~o ~ = 0 is  ana logous  to  the  c o r r e s p o n d i n g  c u r v e s  at 
v = 5 m / s e c .  At Wq~ 0 = 0 and v = 1 9 m / s e c  the  c o a r s e  dust  does  not  fa l l  out of the  s t r e a m  (Fig.  3, da shed  cu rve ) ,  and 
the  n a t u r e  of the c u r v e  r e c a l l s  the c u r v e  at 1 > W~o0 > 0 f o r  the  c a s e  v = 5 m / s e e .  

It a l so  fo l lows  f r o m  Fig .  4, that ,  q u a l i t a t i v e l y ,  the t h e o r e t i c a l  c u r v e s  a r e  in qui te  good a g r e e m e n t  with 

822 



1 

JOURNAL OF ENGINEERING PHYSICS 

Fig .  2. E x p e r i m e n t a l  (a) and t h e o r e t i c a l  (b) a e r o s o l  
t r a j e c t o r i e s  (6  = 126 .5p  and v = 5 m / s e c ) :  1) W~0 = 0; 

2) 0.6;  3) 1.0; 4) 2.0;  5) 0 at  5=  427# ,  v = 5 m / s e c .  

I 

Fig .  3. E x p e r i m e n t a l  (a) and t h e o r e t i c a l  (b) a e r o s o l  
t r a j e c t o r i e s  ( 6  = 126.5 # and v = 1 9 m / s e c ) :  1) we0 = 

0; 2) 0.6; 3) 1.0; 4) 2.0; 5) 0 a t  6 = 427 t~, v = 19 m / s e c .  
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exper iment .  This,  in turn ,  provides  some just i f icat ion for using calculat ions,  ra ther  than experiment ,  to de te rmine  
the influence of W~0. 

tP$/~~ 
/p6 �84 ~ !  

3 4 

0 #00 200 300 ~00 

Fig. 4. Relation ~c/q~c0 =f(6 ) :  1) W~ = 0; 2) 0.6; 
3) 1.0; 4 )2 .0  (solid cu rve - -expe r imen ta l ,  dashed 

curve- - theore t ic  al). 

The quanti tat ive discrepancy between the theoret ical  and exper imental  curves  can be attr ibuted,  on the one hand, 
to exper imental  inaccurac ies  and, on the other, to cer ta in  s impl i f ica t ions  introduced into the calculat ions,  for example,  
the fact that the radial  component of the c a r r i e r  flow velocity is not introduced into the equations of par t ic le  motion, 
although in rea l i ty  i t  should be. 

N O T A T I O N  

v is the velocity of the c a r r i e r  flow; w r and w~ are  the radia l  and tangential  components  of the par t ic le  velocity;  
~ c - - s e p a r a t i ~  angle; ~e0 is the same at W~0 = 1; r0- - radius  of aerosol  admiss ion  point;  r ,  ~ a re  the polar 
coordinates  of par t ic le ;  6, ~, and P2 are  the size, mean size,  and density of the par t ic le ;  ~ and Pl are  the viscosi ty and 
density of the gas;  g is  the acce lera t ion  of gravi ty;  St = 4 62p2v/3qro; R = v 6pl/q;  F r  = v2/r0g. 
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