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Resul ts  a r e  given of exper imenta l  s tudies of veloci ty  fields in vor tex dust collecting ap-  
pa ra tus .  

Most  theore t ica l  studies of the motion of solid pa r t i c l e s  in rotat ional  gaseous  flows a s s u m e  the gas  
to be ideal. Consequently it has not been poss ib le  to p red ic t  or  explain the occu r rence  of radial  inward or  
upward flows in vor tex  c h a m b e r s .  A poss ib le  model for  the turbulent  flow of viscous gases  in such cham-  
be r s  was the re fo re  suggested [1]. F r o m  this ,  equations which allow for  the i r  construct ional  fea tu res  and 
opera t ional  p a r a m e t e r s  have been der ived  to enable calculat ion of the veloci ty  field. 

The r e su l t s  a r e  given he re  of an exper imenta l  study of the accu racy  of the predic t ions  of these equa-  
t ions [1]. Exper imenta l  conditions and notation a re  as p rev ious ly  [1]. 

Tes t s  w e r e  made with cham be r s  of five different  d i a m e t e r s :  200, 300, 400, 500, a n d  600 ram. All 
had the same  length of 2.5 m. The d i a m e t e r s  of turbulence p r o m o t e r s  var ied  in s teps  of 100 m m  f rom 100 
to 600 m m  with the chamber  d iamete r .  The ra t io  of the dimensions  of all  p r o m o t e r s  used was 0.3. The 
angle 13 at  which the i r  blades were  set  was var ied  f rom 10 ~ to 45 ~ The p r e s s u r e  drop a c r o s s  them was 
390 m m  wa te r  column and in the inlet s p r a y e r s  320 mm wa te r  column. 
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Fig.  1. Plot  of changing c i r cumfe ren t i a l  tangential  
veloci ty  components  of gas  flow (a) and radial  veloci ty  
components  of gas  (b) due to turbulence p a r a m e t e r  
(solid line) and secondary  gas  (dashed line) along c h a m -  
b e r  height depending on p r e s s u r e  drop of turbulence 
p a r a m e t e r  and p r e s s u r e  drop at  s p r a y e r s .  
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TABLE 1 

100 200. 30014001 500 600 o, mm 
/ I 

a X 1011,05 0,95 0,90 0,861 0,83 0,80 

700 

0,78 

800190011000]120011500 
0,76 0,74 0,7310,7210,71 

2000 

0,70 

The veloci ty  field was m eas u red  by a s y m m e t r i c a l  five head sensing probe  with the outputs measu red  
by m i c r o m a n o m e t e r .  The e r r o r s  in the m e a s u r e m e n t s  did not exceed 10%. N . T . P .  a i r  was used  as  the 
working medium for  the t es t s .  

F i g u r e  l a  p re sen t s  the data for  the c i r cumferen t i a l  tangential  veloci ty  along the chamber  length (con- 
tinuous lines) for  ~ = 20~ d = 1; v = 18.2 �9 10 -6 m2/sec  produced by the turbulence p r o m o t e r  for  var ious  
p r e s s u r e  drops  and for  all  the cham be r  d i ame te r s .  In all  f igures  the l ines  give theore t ica l  [1] values and 
the dashes  give the p r e s e n t  exper imenta l  values .  

I t  should be noted that  the m e a s u r e m e n t s  showed the tangential  veloci ty  to be d i rec t ly  propor t ional  to 
the cosine of the turbulence p r o m o t e r  blade angle over  the whole range of the increas ing  p r e s s u r e  loss  p r o -  
duced by the p r o m o t e r .  

F igure  l b p r e s e n t s  data for  radia l ly  outward veloci ty  (continuous lines) produced by the rotat ion in the 
gas  flow by the turbulence p r o m o t e r s .  The exis tence of such veloci t ies  can faci l i ta te  the collect ion of dust  
and may  the re fo re  be cons idered  advantageous.  

The tangential  veloci t ies  produced by the d ischarge  of the a i r  into the chamber  through its s p r a y e r s  
on its pe r iphe ry  depend on its d i amete r .  This dependence is accounted for  by the varying turbulence fac to r  
of the gas  in the wel l  known re la t ionship [2, 3] 

0.48 ) 
W ~  Wf - ax 

~- 0.145 

(i) 

The var ia t ion of the turbulence fac tor  a with chamber  d i a m e t e r  is as  follows. 

In Fig. l a  the dashes  show the c i r cumferen t i a l  ve loci t ies  along the length of the chamber s  produced 
by the gas  flow in the je t s  f rom the s p r a y e r s .  The s p r a y e r  d i a m e t e r  was 20 m m  and its angle was 30 ~ I t  
should be noted that  change of this angle by i 10 ~ did not change the flow in the c h a m b e r s .  Change in the 
distr ibution between the p r e s s u r e  drop a c r o s s  the s p r a y e r s  did have a cons iderable  effect  on the flow. This 
was however  so complex that  despi te  the collection of extensive exper imenta l  data it was  not poss ib le  to 
p re sen t  a coherent  descr ip t ion  of this effect .  

The previous  w o r k e r s  [1] a lso  found that  in vor tex  chambers  with intense turbulence the re  a r e  r e -  
gions with rad ia l ly  inward flow. Simi lar  r esu l t s  were  detected and measu red  in the p re sen t  study. 

Figure  lb  (dashedline) p re sen t s  the veloci t ies  of gas  flows towards  the  axis  of the chamber .  As can 
be seen f rom this f igure (dashed lines) the regions  in which such flows occur  a r e  extensive.  

The p r e se nce  of these  flows se r ious ly  in t e r fe res  with the dust collection. Any a t tempt  to improve  the 
flow of gas  'being purif ied by secondary  flows with high energy  will inc rease  the radia l ly  inward veloci t ies  
so much (by up to 500/0 of tangential  veloci t ies)  that the r e v e r s e  effect  can be caused.  

This should be taken into account  when consider ing the p r e s s u r e  drop distribus between the tu rbu-  
lence p r o m o t e r s  and the secondary  flow. 

F igure  2a shows the var ia t ion in tangential  veloci ty  with radia l  position in the chamber  for  var ious  
ra t ios  of the turbulence p r o m o t e r  d i a m e t e r  to the chamber  d iamete r .  F o r  the ra t io  e = 1 it was  ver i f ied  
that  as  can be seen for  r = 0.7 in Fig. 2b (exper imental  data) the ra t io  v l / v  I max is in accord  with the 
assumpt ion  of rotat ion as a solid body. 

I t  was es tab l i shed  both theore t ica l ly  and exper imenta l ly  that the turbulence produced by the p r o m o t e r s  
causes  the flow in the center  to be downwards,  i . e .  agains t  the main direct ion of the flow. At the s ame  
t ime ,  the vor tex  genera ted  by the secondary  flow draws the cent ra l  pa r t  of the gas  towards  the axis  and 
produces  s t rongupwardve loc i t i e s .  This has  the fu r the rundes i r ab l e  effect  of e i ther  reducing or  e l iminat ing 
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Fig. 2. Plot  of changing tangential  veloci ty  along 
c h a m b e r  radius  depending on turbulence p a r a m e t e r  
d i a m e t e r  to chambe r  d i a m e t e r  ra t io  (a) and plot of 
changing tangential  veloci ty  to its max imum value r a -  
tio along chamber  radius  (b) .  

the effect  on the gas of the turbulence p r o m o t e r s .  The exis tence of this  radia l  and upward flow in the cen te r  
of the vor tex  c h a m b e r  and the continuity equation show that  a t  the top of the chambe r  there  mus t  be regions  
of outward flow and that  at  the wal ls  the re  mus t  be downward flow. I t  follows the re fo re  that during operat ion 
of the chamber ,  its vor tex  mus t  be toroidal  in shape. The undesi rable  effects  of such a vor tex  on dust co l -  
lect ion a re  apparent .  

I t  r ema ins  only to point out that this s t ruc tu re  of the flow in the vor tex  is produced by intense turbu-  
lence and can p reven t  the r emova l  of fine dust f rom gas flows through vor tex  dust co l lec tors .  

N O T A T I O N  

Z is the height of appara tus ;  
v 2 is the tangential  veloci ty  behind turbulence p r o m o t e r ,  m / sec ;  
u 2 is the radia l  veloci ty  behind turbulence p r o m o t e r ,  m / s e c ;  
f~ is the angle a t  which p r o m o t e r  blades a r e  set ,  deg; 
d is the re la t ive  d i a m e t e r  of chamber ;  

is the k inemat ic  v i scos i ty  of gas ,  m2/sec;  
w is the veloci ty  at  the cham be r  point under study, m / s e c ;  
wf is the veloci ty  of gas  outflow f rom a s p r a y e r ,  m / s e c ;  
a is the turbulence factor;  
x is the dis tance between s p r a y e r  and point under study, m; 
D is the d i a m e t e r  of chamber ,  m; 
Df is the d i a m e t e r  of s p r a y e r ,  m; 
v I is the tangential  veloci ty  behind s p r a y e r ,  m / sec ;  
u 1 is the radia l  veloci ty  behind s p r a y e r ,  m / sec ;  
e is the p r o m o t e r  d i a m e t e r  to cham be r  d i ame te r  ra t io .  
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