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In our ea r l i e r  paper s  [1, 2] we p resen ted  some resu l t s  of a mathemat ica l  s imulat ion of the motion of 
dust pa r t i c l e s  in a plane rotat ing s t r e a m ,  which is rea l ized  for example  in the plane separat ion zone of a 
number  of high-eff ic iency l abora to ry  and commerc i a l  dust s epa ra to r s  [3, 4 ]. Recognizing that m a t h e m a t i -  
cal s imulat ion inevitably entai ls  a definite abs t rac t ion  of the r ea l  p r o c e s s ,  it is advisable  to c a r r y  out a 
physical  s imulat ion of the operat ion of a plane separa t ion zone, to compare  the resu l t s  of the mathemat ica l  
and physical  s imulat ion,  and to develop on this bas is  a method for  calculating the centr ifugal  separa t ion .  

The exper imenta l  investigation was ca r r i ed  out with geomet r i ca l ly  s imi l a r  models of a specia l ly  de -  
veloped l abora to ry  sepa ra to r .  The following cha rac t e r i s t i c  quanti t ies  we re  var ied:  the cha r ac t e r i s t i c  
dimension of the model,  namely  the outside d iamete r  of the separa t ion  zone (L = 0.25, 0.5, and 1.0 m), the 
dust density (P2 = 1600, 3980, and 7000 kg/m3), the cha rac t e r i s t i c  dimension of the s imi l a r  po lyd ispersed  
dust [5] (5 o = 68-168 /~), and the dust concentrat ion (g = 0.03-0.5 kg of dus t /kg  of air) .  We p e r f o r m e d  136 
exper iments ,  and used the r e su l t  of each of them to plot  the pa r t i a l  loss  curve  and de t e rmine  the l imit ing 
dimension 51i m [6]. Plots of 51i m against  the exper imenta l ly  var ied  defining quantit ies a r e  shown in Fig. 1. 

The motion of po lyd ispersed  dust is de te rmined  by the following s imi la r i ty  c r i t e r i a  [5]: 

St, R, Fr, Re o, Iz, (1) 

which can be r ep re sen ted  in the following form,  which is somewhat  m o r e  convenient for our case: 

h = STIR, C = R~lSt, Fr, Re0, IX. (2) 

The resu l t s  of the physical  s imulat ion a r e  descr ibed  with sufficient  a ccu racy  by the following genera l ized  
re la t ion (Fig. 2): 

htim = [e (I x) [Ah(~)C~'(~)Fr~'(~)Re~o'(~)] ~'(~), (3) 

where  All m = 61imP2/LPl is the defined cr i ter ion;  fl(g) . . . . .  f6(/z) a re  functions of the dust concentrat ion,  
which can be approximated  by the following express ions :  

[1 (IX) = 1.5 + 0.45 lg IX; 

[8 (~) = ~ !,3 "- 3.78IX - -  3.92IX2; 

f3 (~) = 0,6 - -  O.TIX; 
0.023 (4) 

[4 (IX) -- 0.29; 
+ 0.033 

f5 (IX) = 0.167 + 0.32~; 

[8 (~) = 0.69 + 10.8IX -- 9.5IX *. 

As a rule, any dust separator is designed under the assumption that p is constant during its opera- 
Equation (3), with (4) taken into account, is then greatly simplified. 
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Fig. 1. L imi t ing  d imens ion  (/~) vs dus t  concen t ra t ion  [15 L = 0.25 m; 
II) 0.5 m; III) 1.0 m]:  a) 02 = 7000 kg/ma: 1) 5 0 = 154 p, v = 5.75 
m / s e e ;  2) 154 # ,  11.5 m / s e e ;  3) 77 p,  5.75 m / s e c ;  4) 77 /~, 11.5 
m / s e e ,  b) P2 = 3980 kg /ma ;  1) 60 = 136 /~, v = 6.55 m / s e e ;  2) 136/~, 
13.1 m / s e e ;  3) 68 p,  6.55 m / s e e ;  4) 68 /~, 13.1 m / s e c ,  c) P2 
= 1600 kg /ma:  1) 5 o = 168 # ,  v = 5.25 m / s e e ;  2) 168 /J, 10.5 m / s e e ;  
3) 84 p,  5.25 m / s e e ;  4) 84 /~, 10.5 m / s e e .  

By ex t rapo la t ing  the plots  of 61t m = f(#) to values  /~ = 0 (case  of in f in i tes imal ly  sma l l  dus t  con c e n -  
t ra t ion ,  c o r r e s p o n d i n g  to the m a t h e m a t i c a l  s imula t ion  condit ions) ,  we obtained the fol lowing expe r imen ta l  
values  of the l imi t ing  d imens ion  5~i m 0 and A~i m 0 = 5~im o P 2 / L p l ;  the gene ra l i z ed  re la t ion  (3) then takes  
the f o r m  

Alimoe = 0.695C-~176 Re~176 �9 (5) 

The p ro f i l e  of the tangent ia l  ve loc i t i es  v~o of p u r e  a i r  along the rad ius  r of a p lane  sepa ra t ion  zone 
is well  app rox ima ted  by the wel l -known vor tex  equation v~or n = cons t  at  n = 0.7. The value of the swi r l  on 
en te r ing  the zone (at a rad ius  r 0 = L/2) is c h a r a c t e r i z e d  by the quant i ty  tan a 0 = Vr0/V~o 0 = 0.9; the s t r u c -  
tu ra l  d i m e n s i o n l e s s  rad ius  of the cen t ra l  out let  tube (exhaust) 

Pout = rout/to = 0.34. 

To find the r a t ed  value of the l imi t ing d imens ion  6[i m 0 for  each combina t ion  of the expe r imen ta l  
quant i t ies  P2, v, and L, s e v e r a l  values of the p a r t i c l e  d i a m e t e r  5 w e r e  a s s u m e d  and the c h a r a c t e r i s t i c  
p a r a m e t e r s  in the d i f fe ren t ia l  equat ions of mot ion of the p a r t i c l e  w e r e  ca lcu la ted  [1]. By solving the l a t t e r  
with a compu te r  at the expe r imen ta l  values of n, tan So, and the initial condit ions in [2], we obtained the 
min imum p a r t i c l e - t r a j e c t o r y  rad ius  Pmin ,  and then, fo r  each combinat ion  of P2, v, and L we obtained the 

values  of A[im0 and A[im0 = 6 [ i m o P ~ / L p ,  for  each combina t ion  of P2, v, and L f r o m  the Pmin = f(5) cu rves  

at  Pmin = Pout. 

A c o m p a r i s o n  of  the expe r imen ta l  (for p = 0) and ca lcu la ted  values of the l imi t ing d imens ion  has 
shown the following: 

e 1) the value of A[i m 0 depends to a l a r g e r  d e g r e e  on the ve loc i ty  than All m o. This is due to the in- 
f luence  of the n u m b e r s  Fr  and Re 0 on the sepa ra t ion  p r o c e s s ;  this influence was not taken into 
account  in the ca lcula t ion.  

r 
2) A~im0 > All m 0- This is appa ren t ly  the consequence  of a ce r ta in  d i s a g r e e m e n t  between the " a e r o -  

d y n a m i c "  and s t r u c t u r a l  values of the out let  rad ius  and the d i s a g r e e m e n t  between the initial p a r -  
t tc le  ve loc i t i es  a s s u m e d  in the ca lcu la t ions  and the ac tual  ones .  
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Fig. 2. General ized plots of All m = f(AflCf2Frf3Ref04 ) 
for  different  values of the dust concentration: 1) ~ = 0; 
2) 0.0316; 3) 0.1; 4) 0.5. 
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Fig. 3. Dependeneeof the  ca l -  
culated l imit ing dimension on 
the c r i te r ion  C and on the swir l  
of the flow: 1) tan a0 = 0.3; 2) 
0.5; 3)0.7;  4)0 .9;  5)1.1;  6) 
1.3; 7) 1.4. 

The ave rage  value of A~i m 0/A[i m 0 = 1.314 does indeed take these 
deviations into account.  Since the ave rage  value of the indicated dif-  
fe rence ,  amounting to 31.4%, can be eas i ly  co r r ec t ed  in the calculat ions,  
the sca t t e r  of the values of A[i m 0/A~im0 about the value 1.314, which 
now assumed  to be 100%, is an express ion  of the influence exer ted on 
Alim by the Fr  and Re 0 numbers ,  which were  not taken into account in 
the calculat ions,  and its ave rage  value is 7%. This is a very  high de-  
g ree  of ag reemen t  between the r e su l t s  of physical  and mathemat ica l  
s imulat ion,  in spite of the fact  that,  on the one hand, assumpt ions  have 
been made when sett ing up the mathemat ica l  model ,  and on the other 
hand, there  a re  e r r o r s  in the exper imenta l  data,  in the analys is  of the 
separa t ion  products ,  and in the reduction of the exper imenta l  data. 
The indicated good a g r e e m e n t  has se rved  as a bas is  for  developing a 
method for  calculating t h e  l imit ing dimension.  

The calculated value of the l imit ing dimension is de te rmined  only 
by the cr i ter ion C, and at  tan ~0 = 0.9 it is approximated  by the f o r m -  
ula: 

r 2 1C -~ 
~lim 0 = " - (6) 

AS a resul t  of the reduction of the resul ts  of additional calculations for 

other values of tan a 0 (Fig. 3), we obtained the more general  expression 

Arlim 0 --- 0.265 exp (2.3tg %) C -~ (7) 

Taking (5) into account,  the fo rmula  for  the l imit ing dimension at p = 0 takes the fo rm 

Ali m 0= 0.088 exp (2.3 tg %) C-~ 3Fr~ IRe~176 

and the genera l  express ion ,  with al lowance for  (3), is 

All m = 0 ,088 exp (2.3tg % )  f6 Af,t~Ct~f,+o.s Frf~f~-0,1Re~o,f~:o,06~. 
0.695 

(s) 

(9) 

s t  = 6 o2v/,', 
Fr = v2,]Lg 
Re 0 = v L p l / ~  
R = vS0Pl/T}; 
A = 60P2/LPl; 
c = vLp / p2 

N O T A T I O N  

is the Stokes number;  
is the Froude number;  
is the Reynolds number  for  the flow; 

is the s imi l a r i t y  cr i ter ion;  
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is the dust concentrat ion,  kg of dus t /kg  of air ;  
a r e  the v[seos ity and dens [ty of the flow; 
is the dust density; 
is the charac te r i s t i c  dimension of polydispersed dust; 
a re  the cha rac te r i s t i c  veloci ty  and dimension of the flow; 
is the limiting dimension; 
are  the tangential and radial  project ions of the cha rac te r i s t i c  velocity.  
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