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The motion of a particle in a gas stream behind an inclined barrier 
on one side of a rectangular ehanneI is studied. The forces acting on 
the particle are s~udied, and equations are obtained for calculating 
its velocity and trajectory. 

A high-drag body in a channel in which the dimens- 
ions of the body are greater than the dimensions of 
the free part of the cross section we shall call a 
complex obstacle. Cases of flow around such an obs- 
tacle by a gas stream or a two-phase stream are 
encountered rather often in practice. But while there 
are solutions [1,2] for the rectilinear motion of the 

particle, the flow around a complex obstacle has been 

practically ignored. 
In particular, this refers to the motion of a part- 

icle of material in the air-fountain chamber of a 
drier. 

Let us consider the motion of a particle in a gas 
stream behind an inclined barrier on one side of a 
rectangular channel. According to the theory for 
modeling the trajectory of solid particles, the motion 
of a single solid particle in a curvilinear stream with 

a given gas-velocity field is described by the equation 
[3] 
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Of the  f o r c e s  a c t i n g  on the p a r t i c l e ,  l e t  u s  c o n -  

s i d e r  the f o l l o w i n g :  
1. The w e i g h t  

Fx = rag. (2) 

2. The  A r c h i m e d e s  f o r c e  

?~ = - -  mog-. (3) 

3. The  d r a g  f o r c e  u n d e r g o n e  by the p a r t i c l e  in i t s  
r e l a t i v e  m o t i o n  in the gas  s t r e a m  

We s h a l l  l e t  

C~ V~ e .  (4) 
F 3 : ~ f e ~  :P  2 

K =  1 C0 re. 
2 Re~ 

5. The e o u n t e r p r e s s u r e ,  wh ich  is  due to the f a c t  
tha t  in a c u r v i l i n e a r  s t r e a m  t h e r e  i s  a p r e s s u r e  g r a -  
d ien t  a c r o s s  the  t r a j e c t o r y .  H e r e ,  the c o u n t e r -  
p r e s s u r e  is  e x p r e s s e d  in c o n v e n t i o n a l  e l e m e n t a r y  
f o r m  p r o p o s e d  by L.  G. L o i t s y a n s k i i  [4] : 

dW,~ 
F~ = - - t o o  d~ (6) 

6. F o r  p r o c e s s e s  r e l a t e d  to  a change  in m a s s ,  
we m u s t  i n t r o d u c e  the r e a c t i o n  f o r c e  

Y"6='dm U. (7) 
dT 

Subs t i t u t i ng  al l  of the  f o r c e s  in to  Eq .  (1), we ob ta in  

dv an ( aw~ t m d~-  + ~  = (m--re.) , -~+ ~ y - /  + 

q- KVo~ + dR . _  . ~.~ U. (8) 

In th i s  c a s e ,  we ob t a ined  the  R i c c a t i  d i f f e r e n t i a l  
e q u a t i o n ,  wh ich  u s u a l l y  is  not  i n t e g r a t e d  in q u a d -  
r a t u r e s .  To so lve  th i s  e q u a t i o n ,  we sha l l  i g n o r e  the 
change  in  the  m a s s  of the  p a r t i c l e .  Tak ing  into  a c c -  
ount ,  a l so ,  tha t  

V =  W + V/o, (9) 

we can write Eq. (8) for fixed mass as 

d~Z~ \ d(VC+V0) -(m--m0) 3+-dU~)+KV~. (1o) 
m dx 

To simplify (]0), we shall assume that: 
I. m 0 _ m; then 

F2 = 0 and if5 = 0. (11) 

2. F o r  ou r  c a s e ,  the  c e n t r i f u g a l  a c c e l e r a t i o n  i s  
n e g l i g i b l e  [5] ; t hen  

F,  = 0. (12) 

Wi th in  the  c o r e  of the  s t r e a m ,  the  gas  v e l o c i t y  
can  be  c o n s i d e r e d  f ixed ,  and 

4. The f o r c e  d e t e r m i n e d  by the  c e n t r i f u g a l  a c c e l e r -  
a t ion  u n d e r g o n e  by the  p a r t i c l e  w h e n  i t  r o t a t e s  w i th  
a c i r c u l a r  v e l o c i t y  e q u a l  to the  c i r c u l a r  v e l o c i t y  of 
the  gas  s t r e a m  

F4 = m d~ (5) 

d(W + go) _ dVo 
d~ d'c 

The c o m p l e x  of v a l u e s  deno t ed  by K i s  a f u n c t i o n  
of t i m e  and wi l l  be a c o n s t a n t :  

K = 0.42 f p/2 = const. 
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Fig. l .  Curves  of d imens ionless  longitudinal 
and t r ansve r se  ve loc i t ies  (OC is line of zero  

longitudinal veloci t ies  [ r o m  [61). 
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Fig.  2. Calculated curves  of re la t ive  longi-  
tudinal (a) and t r ansve r se  (b) ve loc i t ies  of 

par t ic le  ve r sus  t ime. 
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Cons ide r ing  all of the above, we can wri te  Eq. 
(10) in the f inal  f o rm 

m ~ T -  (13) 

P ro jec ted  onto the axis of the a b s c i s s a s ,  Eq. (13) 
has the fo rm 

dVox KCox (14) 
/ ' n  - -  ~ , 

dx 

If we solve it for  V0X and subst i tute  this  into Eq. (9), 
we obtain an e x p r e s s i o n  for  the p ro jec t ion  of the 
absolute ve loc i ty  of the pa r t i c le  onto the axis of the 

absc i s sa s  : 

Vx = Wx ( 1 m " _ 
m + KlVx,) \ 

( 1 ). (]5) 
= W x  1 - - -  K W x  " 

1 - b  - -  x 
m 

To obtain an exp re s s ion  for 8he d i sp l acemen t  of 
the pa r t i c l e  f rom the axis of the a b s c i s s a s ,  we i n t e -  

g ra te  (15): 

X = W x  [ z - -  KWxm • 

- -  T �9 

m 
(16) 

Pro jec ted  onto the axis of the ord ina tes ,  Eq. (13) 

has the fo rm 

dVoz m - -  = K V o v - -  mg. (17) 

Solving this equat ion as the prev ious  one, we obtain 
equat ions  for  the p ro jec t ion  of the ve loc i ty  unto the 
axis of the ord ina tes  

Vy = Wv - - a  X 

[ W r - - a  exp 2aK ( - - ' r ) ]  / 
x 1 +  W v + a  m 

/ [1 wrWv--a+a exp 2aK ( _ ~ ) ] m  (18) 

and the d i sp lacemen t  

Y = ( W r  - -  a)'~ - -  

K 1Vv + a 

(1 W r - - a  

where  a = 
To solve the der ived  equat ions,  we m e a s u r e d  the 

magni tude and d i rec t ion  of the gas veloci ty  in a channel  

behind a b a r r i e r  under  va r i ous  flow condi t ions.  The 
ma in  pa r t  of the apparatus  was a chamber  in the form 
of a r ec t angu la r  para l le lep iped .  Obstacles  in the form 
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Fig .  3. Calcula ted  t r a j e c t o r i e s  of 
pa r t i c l e s  en te r ing  inc l ined  b a r r i e r  
f rom var ious  slot  sec t ions :  1) X = 
= 0; 2) 0.0247 m; 3) 0.0331; 4) 

0.0419; 5) 0.05. 

of inc l ined  b a r r i e r s  were ins ta l led  in the f ront  pa r t  
of the chamber .  Measu remen t s  were  made at 45 points  
on the median  plane of the chamber .  The angles b e -  
tween the gas veloci ty  at a given point and the h o r i -  
zontal and also the p ro jec t ion  of the veloci ty  onto 
the axis of the ord ina tes  were m e a s u r e d  d i rec t ly .  
The r e s u l t s  were p r o c e s s e d  in d imens ion l e s s  fo rm 
and are shown in Fig.  1. Here ,  we can compare  our 
r e su l t s  with those of Abramovich  [6] for gas flow 
behind a h igh-drag  body. 

The following conclus ions  can be drawn f rom the 
expe r imen t s  : 

1) Gas flow behind a complex b a r r i e r  of the type 
in qnes t ion  is  je t  flow with tu rbu len t  counterf low j e t s ;  
the cores  of the forward  and r e v e r s e  j e t s  are r a the r  
sharp ly  expressed .  

2) The p re sence  of a t r a n s v e r s e  gas -ve loc i ty  c o m -  
ponent  is found. 

3) The change in gas ve loc i ty  within a reg ion  of 
t h r e e - f ou r t h s  of the sloth width (Irom the s ide  wall) 
is sma l l .  With suff ic ient  p rac t i ca l  accuracy ,  in this  
reg ion  we can let  W = const ,  and the ra t io  of the 
longi tudinal  and t r a n s v e r s e  ve loc i t i e s  Wy/W X = 5.65,  
where  W y  = 0.70WF. 

Now that we have the flow pa t te rn ,  we can make 
a sample  ca lcula t ion  of the t r a j e c t o r y  of a pa r t i c l e  
moving in a gas s t r e a m  behind an inc l ined  b a r r i e r  
in a chamber  with B = 0 . ]85  m and ]3 - a = 0.12 m. 

F r o m  the expe r imen ta l  data, we find the mean  
va lues  of the d imens ion l e s s  ve loc i ty  components  for  
va r i ous  chamber  c ros s  sec t ions :  

0 0.05 0. I0 o. 15 0.20 0.25 
0.816 0.906 0.871 0.868 0.876 0.844 
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Over  the en t i r e  height  of the j e t ,  m y  = 0. 860 and 
m X = 0. J 52. 

The m a x i m u m  longi tudinal  ve loc i ty  W y m a x  = 2 .3  
m / s e e ,  and the " soa r ing"  ve loc i t y  of the p a r t i c l e  
W s -- 7 .8  m / s e c .  

The g a s - v e l o c i t y  p r o j e c t i o n s  onto the coo rd ina t e s  
a x e s  a r e  : 

ivy = rnz V/z,l~• = 10.6 m / s e c ,  

IFx = r e x  V/z,~a• = 1.875 m / s e c .  

Le t  us  make  s u c c e s s i v e  ca lcu la t ions  fo r  the v a l u e s  
on the r i gh t  s ides  of Eqs .  (16), (17), (18), and (19) 
for  a number  of v a l u e s  of the independent  v a r i a b l e .  
The obtained funct ions  V X = f(T) and Vy = f(T} a r e  
shown in F ig .  2. 

The p a r t i c l e  t r a j e c t o r y  is  c o n s t r u c t e d  f r o m  poin ts  
by plot t ing the d i s p l a c e m e n t s  on the axes .  The c a l -  
cu la ted  t r a j e c t o r i e s  of a p a r t i c l e  e n t e r i n g  behind an 
inc l ined  b a r r i e r  f r o m  v a r i o u s  s lo t  s ec t i ons  i s  shown 
in F ig .  3. 

The r e s u l t s  a r e  in good a g r e e m e n t  with v i s u a l  
examina t i on  of p a r t i c l e  t r a j e c t o r i e s  by h i g h - s p e e d  
f i lming .  

NOTATION 

B is  the width of the c h a m b e r ,  m; a is  the s lo tw id th ,  
m; F = a / B  i s  the channel  g e o m e t r y  s implex ;  f i s  the 
m i d - c r o s s - s e c t i o n a l  a r e a  of a p a r t i c l e ,  mS; m is  the 
p a r t i c l e  m a s s ,  kg; m 0 i s  the l iquid  m a s s  in p a r t i c l e  

vo lume ,  kg; W is the a i r  ve loc i t y  at to ta l  appa ra tu s  
c r o s s - s e c t i o n ,  m / s e c ;  WX, W y  a r e  the ve loc i ty  p r o -  
j ec t ions  on to the  coord ina t e  axes ,  m / s e c ;  WT is  the c i r -  
c u l a r  gas  f low ve loc i ty ,  m / s e c ;  m y  = Wy/WYmax ,  
m X = W x / W y m a x  a r e  the d i m e n s i o n l e s s  p r o j e c t i o n s  
of gas  ve loc i ty ;  V, V0 a r e  the abso lu te  and r e l a t i v e  
p a r t i c l e  v e l o c i t i e s ,  m / s e c ;  U is  the d i m e n s i o n l e s s  
ve loc i t y  of m a s s  r e m o v a l ,  m / s e c ;  �9 i s  the t ime ,  hr ,  sec;  
g is  the g r a v i t a t i o n a l  a c c e l e r a t i o n ,  m/sec2 ;  p i s  the 
m a t e r i a l  dens i ty ,  m2 / sec ;  e is  the unit  ve c to r .  
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