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On the bas is  of experimental  and computational investigations, the feasibility is analyzed for 
the mathematical  and physical simulation of slightly dust-laden curvi l inear  flows. 

Because of the widespread use of computers ,  a large number of papers  has appeared which have been 
devoted to calculations of the motion of two-phase eurvi l inear  flows [1-3]. 

However,  in the absence of a specially ar ranged experiment it is not possible to show how 'admissible 
the numerical  data are and for which, in o rder  to obtain them, some or  other assumptions are inevitable. 

Also, until recent ly,  it has not been completely evident which of the decisive cr i te r ia  of s imilar i ty  
might be d is regarded in a physical simulation of slightly dust- laden flows. 

The t ra jec tor ies  of motion of an aerosol  in an isothermal  curvil inear flow are determined below by 
numerical  and experimental  methods. 

The purpose of the paper is to attempt to show: a) the necessary  and adequate conditions which will 
ensure,  with an accuracy  acceptable in pract ice,  the feasibili ty of the mathematical  and physical simulation 
of dust- laden curvi l inear  flows in which the concentration of dust may be neglected and b) the role and 
effect of the principal physical fac tors  occur r ing  inthe differential equations of motion of the aerosol ,  on 
its behavior in a real  turbulent flow. 

The subject of investigation are r ing-shaped channels, geometr ical ly  s imilar  to one another (Fig. l a ) .  
The c a r r i e r  medium is a ir  with t = 20-30~ The aeroso ls  are nar row-cu t  fract ions of potassium b ichro-  
mate and iron obtained by the a i r - s i z ing  method [4]. The procedure for determining the experimental 
t ra jec tory  of the aerosol  is described in [5]. The widely-known eompleximetr ic  method of analysis was 
used for determining the t ra jec tory  of the iron dust. 

The aerodynamic pattern in the channel is determined by a five-channel ball probe method. I t s  self-  
s imilar i ty  was verif ied over  the range of Reynold 's  numbers  f rom 16.5.104 to 36.7.104. The radial velocity 
component of the c a r r i e r  s t ream,  over the whole range of motion of the aerosol ,  is an order  lower than the 
tangential component and is directed to the outer wall of the channel (Fig. lb). The calculation of the 
t ra jec tory  of motion of the aerosol  is ca r r ied  out by a sys tem of dimensionless differential equations [5] 
which were integrated on the URAL-2 computer .  The decisive pa ramete r s  of these equations, being f rom 
the physical point of view the defining cr i te r ia  of s imilar i ty  [6], are  as follows: St = 5VPr/g0r  0 is the 
Stokes cr i ter ion;  Fr  = V2/gr0 is the Fronde cr i ter ion;  R = 5VP0/p 0, where V and r 0 are the flow velocity 
and channel radius at the point of entry of the aerosol;  5 and Pr are the average size and density of the 
aerosol;  P0 and ~0 are the density and dynamic viscosi ty of the s t r eam and g is the accelerat ion due to 
gravity.  
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Fig. 1. Schematic d iagram of the experimental  section 
and the velocity field in it; a) experimental  channel (1) 
t ra jec tory  of motion of aerosol ;  2) curves bounding the 
dust jet scouring; b) flow velocity field in different 
sections of channel (1) cu rves  of tangential components 
of flow velocity; 2) curves  of radial components of 
flow velocity. 

The following basic assumptions are  made in the calculation: spherici ty of the aerosol ;  absence of 
turbulent pulsations affecting the average motion of the aerosol;  absence of nonstationari ty effect of the 
relative motion of the aerosol  on its drag coefficient. 

The following quantities were varied in the calculation and in the experiment:  5 f rom 16.5 to 427 ~; 
V 0 f rom 4.6 to 20 m/see ;  external channel radius r f rom 0.25 to 1 m; initial dimensionless  aerosol  velocity 
W 0 = W _0/V f rom 0 to 1.0; Pr f rom 274 to 795 kg . sec2 /m 4. The basic calculation was ca r r i ed  out for the 
accrual flow velocity field occurring in the channel. In addition, three variants of the calculation were made 
for a potassium bichromate dust with the following additional assumptions: absence of gravity (Fr = o~)" 

when W~0 = I; absence of a radial component of the flow velocity (Vr = 0) with a real field of tangential 
velocities; substitution of the real field of tangential velocities by a field which is uniform with respect to 
radius and angle 9 (V~ = const; V r = 0). 

The analysis showed that the maximum divergence between trajectories with changes of -5, V, W~0 , 
r 0 and Pr and also f rom compar ison of calculation and experiment,  occurs  at the point of contact to  the 
aerosol  with the outer wall of the channel and, consequently, can be defined by the pa ramete r  C = ~o0/360~ 
where ~c is the angle of separat ion of the aerosol  (Fig. la) .  

The total number of experimental  t ra jec tor ies  obtained during the investigation was 114. Each 
t ra jec tory ,  as a rule, was duplicated. The degree of divergence between experiment  and calculation (with 
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Fig .  2 F i g .  3 F ig .  4 

F ig .  2. Dependence  of a n g l e s  of s e p a r a t i o n  of a e r o s o l  on i t s  s i z e :  a) V = 17.5 m/ seo ,W~o  0 = 1; 
b) 4.6 m / s e e  and 1, r e s p e c t i v e l y ;  c) 4.6 m / s e e  and 0; 1) V~ = eons t ,  V r = 0; 2, 3, 5 and 6) V T 
= v a r ,  V r = v a t ;  4) VT = v a r ;  V r = 0; 1 , 2 , 3 , 4 , 6 ) P r  = 272 k g . s e c 2 / m 4 ;  5) P r  = 785 k g . s e e 2 / m 4 ;  
6) F r  = ~ .  

F i g .  3. Dependence  of C on: a) c a r r i e r  flow v e l o c i t y  (r  = 0.25 m) [1) 5 = 16.5 ~; 2) 25; 3) 56; 4) 
427];  b) channe l  r a d i u s  (V = 10 m / s e e )  [1) 5 = 16.5/~; 2) 25; 3) 37.5; 4) 126.5; 5) 424].  

F i g .  4. E f f ec t  of the c r i t e r i a  F r  (a and b) and R (c) on the mo t ion  of the a e r o s o l ,  a:  1) r = I m;  
V = 10 m / s e e ;  R = 10 .6-410;  F r  = 8.5; 2) r = 0.5 m; V = 17.5 m / s e e ;  R = 18 .5-478;  F r  = 52.2; 
St 1 = St2, R 1 ~ R 2 ,  F r  2 = 6.1 F r l ;  b :1)  r = 1.0 m; V = 5 m / s a c ;  R = 5 .3-205;  F r  = 2.12; 2) r = 0.25 
m; V = 20 m / s e e ;  R = 21 .2-820;  F r  = 136; c :1 )  r = 1.0 m; V = 10 m / s e e ;  R = 10.6-410;  F r  = 8.5; 
2) r = 0.25 m; V = 5 m / s e e ;  R = 5 .3-205;  F r  = 8.5. 

the r e a l  v e l o c i t y  field} de f ined  by  the quan t i ty  A C  = ( ~ P - ~ e c ) / ( ~ P  + ~0 e) .2.100% (where  ~P and  ~ e  a r e  c a l -  

cu l a t i on  and e x p e r i m e n t  r e s p e c t i v e l y )  f l uc tua t e d  f r o m  0 to 8% and on the a v e r a g e  w a s  1.8%. The  qu i te  good 
a g r e e m e n t  b e t w e e n  c a l c u l a t i o n  and e x p e r i m e n t  can  be  s e e n  f r o m  F ig .  2 and 3 ( c u r v e s  - c a l c u l a t i on ;  po in t s  

- e x p e r i m e n t )  fo r  changes  of 5 ,  V, r and Pr" 

If  g r a v i t y  i s  n e g l e c t e d  in  the  c a l c u l a t i o n  ( F r  = ~ ) ,  the t r a j e c t o r y  length  of  the  c o a r s e  dus t  i s  d e c r e a s e d  
only  when  V = 4.6 m / s e e  o r ,  m o r e  c o r r e c t l y ,  when F r  m 6.0. When  V = 17.6 m / s e e  ( F r  = 90) the  e f fec t  of 
g r a v i t y  i s  a l m o s t  neg l i g ib l e  ( see  F i g .  2a ,  c u r v e s  2 and 6). 

If  the r a d i a l  flow v e l o c i t y  c o m p o n e n t  i s  n e g l e c t e d  in  the c a l c u l a t i o n ,  t h i s  l e a d s  to a s h a r p  i n c r e a s e  of  
the va lue  of C for  f ine dus t ;  the i n c r e a s e  i s  s h a r p e r  the l e s s  V and W~0 (Fig .  2, c u r v e s  1 and 2). The e f -  
f ec t  of the r e a l  t angen t i a l  v e l o c i t y  f i e ld  in c o m p a r i s o n  with  a u n i f o r m  f i e ld  (in both c a s e s  V r = 0) h a s  a l -  
m o s t  no in f luence  on the length  of the a e r o s o l  t r a j e c t o r y ,  i nde pe nde n t l y  of 5,  V and Wr (F ig .  2, c u r v e s  1 

and 4). 

I t  can  be  s e e m  f r o m  F i g .  2 tha t  when W~0 = 1 an i n c r e a s e  of c o a r s e n e s s  of the a e r o s o l  i s  e x p r e s s e d  
in  a r e d u c t i o n  of the v a l u e s  of  C only up to a de f ined  va lue  of  5 (when V = 17.5 m / s e e ,  up to 5 = 126.5/~ 
and when  V = 4.6 m / s e e  up to 5 = 284/~). With f u r t h e r  i n c r e a s e  of  5,  the t r a j e c t o r y  length  i s  a l m o s t  u n -  
changed .  A d i f f e r e n t  s i t u a t i o n  o c c u r s  whenWcp 0 = 0. H e r e ,  a t  a de f ined  va lue  of  5 ,  the va lue  of C r e a c h e s  
a m i n i m u m  and then b e g i n s  to i n c r e a s e  aga in .  T h i s  phenomenon ,  o b v i o u s l y ,  i s  connec t ed  with  the e f f ec t  of 
g r a v i t y  on the p r o c e s s .  

The  a e r o s o l  d e n s i t y  P r  a l s o  h a s  a s i m i l a r  e f f ec t  on C (F ig .  2, c u r v e s  2 and 5). W h e n W r  = 1, an 
i n c r e a s e  of P r  a f f e c t s  the  va lue  of C in the d i r e c t i o n  o f ' a  r e d u c t i o n  of the l a t t e r  only  fo r  a r e l a t i v e l y  f ine 
dus t .  F o r  cOar se  a e r o s o l s ,  an i n c r e a s e  of  t h e i r  d e n s i t y  has  a l m o s t  no e f f ec t  on the t r a j e c t o r y  of mot ion .  
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When W(p 0 = 0, the t ra jec tory  length of fine aerosols  dec reases  with increase  of Pr  and for coarse  aerosols  
it increases .  This is because in the f i rs t  case inertial fo rces  play the p r imary  role and in the second case, 
gravitational forces  play the p r imary  role.  

It can be seen f rom Fig. 3, that with increase  of V and decrease  of r ,  the value of C dec reases  the 
more  sharply,  the finer the aerosol .  

Turbulent pulsations of the flow affect the t ra jec tory  of motion of the aerosol  in the following way. 
On exit f rom the feeder,  d iameter  7 ram, the dust s t r eam does not remain  constant in proport ion to the 
motion but is continuously widening (Fig. la ,  curve 2), the more  sharply the finer the aerosol .  At the same 
time, the maximum of the distribution curve of the dust over  the channel height (curve 1) coincides with the 
corresponding point of the t ra jec tory  obtained by calculation in which pulsations were not taken into account. 

Thus, in order  to effect a mathematical  simulation in the region checked by experiment,  one can: 
assume the coefficient of hydrodynamic res is tance  of the aerosol  moving in the s t r eam to be equal to the 
drag coefficient ~]J under stat ionary conditions. In this case ,  the value of ~ must  be taken in accordance 
with [7]; an aerosol  of i r r egu la r  shape must  be replaced by a spherical  part icle of the same hydrodynamic 
diameter ;  when Fr  _> 40, gravity is not taken into account; turbulent flow pulsations are not taken into ac -  
count in the calculation. It is essential to have a complete aerodynamic pat tern of the c a r r i e r  s t ream,  
certainly including in it the magnitude and distribution of the radial velocity component and to have data on 
the fractional composit ion of the dust obtained by the a i r - s i z ing  method. 

It should be noted that a prec ise  determinat ion of the radial flow velocit ies is associa ted with con- 
siderable procedure  difficulties and therefore  cases  when an accurate  mathematical  simulation is more  
complicated to achieve than a physical simulation are  not exceptional. 

Physical  simulation is ensured (for se l f - s imi la r i ty  of the c a r r i e r  s tream) if the c r i t e r i a  St, F r  and 
R in the model and in the example are  equal. However, usually it is not possible in pract ice  to maintain 
this condition completely.  

In o rde r  to show the effect and role of each of these cr i te r ia ,  the data f rom the investigation was 
processed  in dimensionless  form.  

It can be seen f rom Fig. 4, where the relat ions between C and St (W~o 0 = 1) are  plotted for  var ious 
values of Fr  and R, that the principal c r i te r ion  defining the p rocess  is St. 

When St = idem and R = idem, a change of magnitude of F r  is expressed  in the following way. For  
St -< 0.4 the change of Fr  has a lmost  no effect on the p rocess .  When St _> 0.4, an increase  of F r  f rom 8.5 
to 52.2 (Fig. 4a) the degree of divergence AC t = (~Ocl-~0c2)/(~Oct + ~Oc2)'2.100% between curves  1 and 2 does 
not exceed 4%. A sharper  effect of Fr  is expressed by a change of its absolute magnitude f rom 2.12 to 
136. In this case,  AC t reaches  20% (Fig. 4b). 

The effect of R is shown in Fig. 4e. When St = idem and Fr  = idem and R is changed by a factor  of 
2, the value of AC t fluctuates f rom 0 to 10% and on an average amounts to about 5%. 

Thus, when St = idem and R = idem, the effect of Fr  is expressed more  strongly the lower is its 
absolute value and the grea te r  is the absolute value of St. 

When St < 0.4, a change of Fr  f rom 2.2 to 136 has a lmost  no effect on the process .  When St > 0.4, a 
change of Fr  within the same l imits  leads to an e r r o r  of not more  than 20%. This makes it possible for the 
majori ty  of inert ial  equipment (dust cyclones,  centrifugal sc rubbers ,  cyclone furnaces) to be l imited by the 
conditions St = idem, R = idem and Fr  ~ idem. When St = idem and Fr  = idem, the effect of R is s t ronger  
the g rea te r  is the absolute value of Fr .  On the whole, for different vers ions ,  exclusion of R leads to an 
e r r o r  not exceeding 15%. This permits  l imitation to the condition: St = idem, Fr  = idem and R ~ idem 
especial ly for  devices where gravitational force plays the predominant role (the absolute value is small).  
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