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Based  on exper imenta l  s tudies ,  the effect  of gravi ta t ional  force  on ae roso l  t r a j ec to r i e s  is 
analyzed for  var ious  values  of the Froude number  of the c a r r i e r  flow. 

In planning, designing, and s imula t ing  var ious  devices  and appara tus  in which motion and iner t ia l  de-  
posi t ion of solid or  liquid ae roso l s  occurs  at low volume concentrat ions (for example ,  dust cyclones ,  c e n t r i f '  
ugal ash  co l lec tors  with a wa te r  f i lm, cyclone fu rnaces ,  etc.),  it is n e c e s s a r y  to know the effect  of g r a v i t a -  
tional fo rce  on the p r o c e s s .  

For  this pu rpose  an exper imenta l  study was made of the t r a j ec to r i e s  of ae roso l s  having an ave rag e  
s ize  f r o m  16.5 to 427 p in cu rv i l inea r  turbulent a i r  flow at T = 303~ for  var ious  or ienta t ions  of the la t ter  
with r e s p e c t  to the di rect ion of g rav i ty .  

The studies we re  c a r r i e d  out on a tes t  stand (Fig. 1), the exper imenta l  port ion of which was an annular  
channel (D = 1.0 m and d = 0.5 m) connected to an exhaust  fan. Two sets  of exper iments  were  p e r f o r m e d  
to de te rmine  the effect  of gravi ta t ional  force:  a) the annular  channel was posit ioned in its no rma l  (original) 
posi t ion (Fig. la);  b) the annular  channel was inan  inver ted posit ion (Fig. lb).  

The ae roso l  used was a l imited f rac t ion  of po t a s s ium d ichromate  dust sepa ra ted  in an a i r  s o r t e r ,  and 
consequently cons is ted  of identical  spher ica l  pa r t i c l e s  with r e s p e c t  to hydrodynamics  [1]. 

The a r i t h m e t i c - m e a n  d i am e t e r  of the dust f rac t ion  (Table 1) was taken as the d i ame te r  ~ of the s p h e r i -  
cal  pa r t i c l e s .  The dust was introduced into the ent rance  port ion of the channel by a specia l  f eeder ,  e i ther  
with ze ro  initial ae roso l  ve loci ty  (Wq0 = 0) or  with veloci ty  approx imate ly  equal to the veloci ty  of the c a r -  
r i e r  flow (W~0 ~ 1). 

Every  12 ~ rods  of length D - d  and made up of 25 cy l inders  were  instal led along the radius  of the chan-  
nel; the cyl inders  had an external  d i am e t e r  of 6 m m  and were  covered  with Vasel ine.  The amount of dust 
deposited on the individual cy l inders  was de te rmined  by iodometry .  

F u r t h e r m o r e ,  the absence  of dust r i coche t  f r o m  par t i c les  prev ious ly  deposited on the s t icky sur face  
of a rod  was ensured [2]. A single point in the ae roso l  t r a j ec to ry  was de te rmined  f rom the m a x i m u m  of the 
dust dis t r ibut ion curve  along the length of a rod,  taking into account the degree  of deposit ion on the su r face  
of a cyl inder  [3]. 

In this way t r a j e c t o r i e s  w e r e  de te rmined  for  dust pa r t i c les  of var ious  dimensions  and for  c a r r i e r - f l o w  
veloci t ies  V = 4.6, 7.5, 17.5, and 23 m / s e e .  

TABLE 1. Frac t ional  Dust Composi t ion 

Dnst~raetion, 20--30 30--45 67--101 iD  13--20 45--67 101--152 152--227 227--34i 341--513 

56 84 126,5 198,5 284 427 Average 16,5 
dimension 
of dust frac- 
tion in p 

25 I 37,5 
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Fig.  1. Exper imenta l  a r r angemen t :  a) annular  channel in 
no rm a l  position; b) annular  channel in inverted posit ion.  

All exper iments  we re  c a r r i e d  out at ve ry  low volume concentrat ions of dust (no m o r e  than 60 mg/m3),  
which made it poss ib le  to neglect  in teract ion fo rces  between pa r t i c l e s .  

As a p r e l im ina ry ,  the veloci ty  f ields w e r e  obtained with a f ive-channel  spher ica l  probe  along a rad ius  
at s e v e r a l  channel sect ions (for var ious  a i r  flow ra t e s ) ,  and the s e l f - s i m i l a r i t y  of phenomena with r e s p e c t  
to R e = DVp/# de te rmined .  The resu l tan t  ve loc i ty  prof i les  indicated that the aerodynamic  flow was c lose  to 
potential  and r e s e m b l e d  to a cons iderable  extent the p ic ture  occur r ing  in actual  cyclone equipment.  

The exper iments  showed that the effect  of gravi ty  on ae roso l  t r a j ec to ry  is c losely  re la ted  to aeroso l  
d imension and initial veloci ty and to the veloci ty  of the c a r r i e r  flow. 

As an i l lustrat ion,  t r a j ec to r i e s  a re  shown in Fig.2 (for W~0 = 0) for  an ae roso l  with ~ = 16.5 p and 
= 284 ~ at c a r r i e r  flow ve loc i t ies  V = 4.6 m / s e e  and V = 17.5 m / s e e  along with the t r a j ec to ry  of an ae roso l  
with 5- = 427 ~ and V = 4.6 m / s e c  for  normal  and inverted channel posi t ions.  

F igure  2 makes  it c l ea r  that for  fine dust (g = 16.5 ~), both at V = 4.6 m / s e e  and V = 17.5 m / s e c ,  there  
is p rac t ica l ly  no separa t ion  of t r a j e c t o r i e s  because  of the effect  of g rav i ty .  

At 5 = 284 p, the p ic ture  changes .  Here  the ae roso l  t r a j ec to r i e s  begin to differ  f rom one another  b e -  
cause  of the effect of mg even in the initial port ion of the channel with the effect being more  important  at 
the lower c a r r i e r - f l o w  ve loc i t i es .  

As a p a r a m e t e r  cha rac t e r i z ing  the extent of the grav i ty  effect  in m o r e  explicit  fo rm,  the quantity C 
= (A~O/~el) �9 100% was chosen; this is the m a x i m u m  re l a t ive  d ivergence  of ae roso l  t r a j ec to r i e s  for  var ious  
posi t ions (with r e s p e c t  to mg) of the exper imenta l  sect ion.  

To es t ima te  the effect of mg quanti tat ively at values  of D,~,  p~, Pl, and ~ not invest igated expe r imen ta l -  
ly, it is useful  to analyze the r e su l t s  in c r i t e r i a l  fo rm.  

It is indicated [4] that for  low concentra t ions  of suspended ma t t e r ,  s e l f - s i m i l a r i t y  of the c a r r i e r  flow 
and Wr constant ,  the effect  of gravi ty  on ae roso l  motion is de te rmined  by the Froude number .  In addition, 
the extent of the mg effect  a lso  depends implici ty  on the c r i t e r i a  St and R. The re la t ionship  C = f(log Fr) is 
shown in Fig. 3 for  var ious  St and R in the eases  W~p0 ~ 1 (curves 2 and 4) and W~00 = 0 (curves 1 and 3). 

Analys is  of the curves  mentioned for  WW0 constant  shows that the p a r a m e t e r  C d e c r e a s e s  and a s y m p t o -  
t ieally approaches  zero  as F r  i nc reases  despi te  a s imul taneous  inc rease  in St and R. 

When Fr  is constant ,  and its absolute value is smal l ,  the value of the p a r a m e t e r  C is higher  for  l a r g e r  
ae roso l s ,  or  m o r e  co r rec t ly ,  for  higher  values  of the c r i t e r i a  St and R. 

For  fine f rac t ions  o f  the ae roso l  (6- -< 16.5/~, St = 0.0925, R = 5), the p a r a m e t e r  C does not exceed 2.5% 
even for  smal l  values  of the Froude number  (Fr = 4.25) and is independent of Wr At Fr  = 4.25 and a t r a n s i -  
tion f r o m  g ;  16.5 ~ to ~'-- 284/~, i .e . ,  for  an inc rease  in St f r o m  0.0925 to 2 8.45 and inR f r o m  5 to 86, the p a r a m e t e r  C 
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Fig, 2 
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Fig. 3 

Fig. 2. Aerosol  t r a j ec to r i e s :  a) 1,2) ~ = 16.5 #,  V = 4.6 m/see ;  3,4) 6 = 16.5 #,  V = 17.5 m/ see ;  5, 
6) ~ =  427 #, V = 4.6 m/see ;  b) for  ~ = 284 #, 1,2) V = 4.6 m/see ;  3,4) V = 17.5 m/ see  (odd num-  
be r s  - model in normal  position, even numbers  - model in inverted position). 

Fig. 3. Dependence o f C  = (Aq~/r 1).100% on log Fr:  1 ) ~ = 4 2 7  tt andWq~ 0 = 0 ;  2 ) ~ = 4 1 7 p  and 
Wq~ 0 = 1; 3, 4) 6 = 16.5 # and W~p 0 = 0 and 1. 

increases  sharply  with the increase  being more  abrupt at lower Wq~ 0 (to 17.5% for  W~0 = 1 and to 55% for W(p 0 
= 0). 

With an increase  in Fr,  however,  the effect of the c r i t e r i a  St and R (for Fr  constant) weakens con-  
tinuously and for  a cer tain value of the Froude number  the curves  C = f(1og Fr) with different values of St 
and R merge  into one. For  W~p0 ~1 ,  in par t icular ,  this phenomenon sets in at Fr  ~45 .  

This last  situation offers an opportunity to confirm that at sufficiently large values of the Froude 
number  it is a unique cr i te r ion  which determines the extent of the effect of gravity on aerosol  behavior  in 
eurvi l inear  flows where the operating process  ceases  after  contact of the aerosol  with the collecting s u r -  
face. 

On the basis of the material presented, for example, one is justified in asserting the effect of gravity 
on the motion and deposition of fuel and ash can practically be neglected (C -< 3%) in power cyclone furnaces 
which burn both dust and crushed fuel but which operate at high gas velocities (Fr _~ 50, St _< 70, R -< 100). 
As far as equipment with a cleaning efficiency which is mainly determined by the finest ash fractions (0-10 
~) is concerned, centrifugal scrubbers with a water film for example, the effects of gravity can also be 
neglected for the very large dimensions of commercial installations. Actually, the parameter C does not 
exceed 2.5~ (see Fig. 3, curve 4) even for Fr = 2.5 (r = 2 m, V = 10 m/see, St -< 0.025, and R -< 6.5). 

A more cautions approach must be taken in estimating the effeetof gravity on the motion and separa- 
tion of coarse air-suspended matter in technical cyclone furnaces (We0 = 0) and also in dust cyclones and 
dust concentrators with dry walls where the total effect is determined not only by dust motion in the gas 
flow, but also by secondary phenomena occurring after aerosol contact with the collecting surface [5]. 
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NOTATION 

is the ca r r i e r - f l ow velocity at the point of aerosol  introduction; 
is the dimensionless initial aerosol  velocity; 
a re  the aerosol  separat ion angles for the inverted and normal  model; 
is the absolute value of the maximum divergence of the t ra jec tor ies ;  
is the gravitat ional  accelerat ion;  
a re  the radius of introduction, average size,  and density of the aerosol ;  
a re  the dynamic viscosi ty  and density of the gas flow; 

is a c r i te r ion  appearing when the res i s tance  to the motion of a solid par t ic le  in the flow 
ceases  to obey Stokes' Law. 
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