
Nu = t.6. (2.8) 

It can be shown that even when a - -  0 the asympto t ic  re la t ionship  (2.8) occu r s .  

The r e su l t s  of a n u m e r i c a l  solution of the p rob l em in the f o r m  of c(Re) and Nu(Re) re la t ionships  are 
s h o w n i n F i g . 2 b y a d a s h e d ! i n e  for  th ree  values  of the p a r a m e t e r  a=O, 1, and 10. The most  c h a r a c t e r i s t i c  
p r o p e r t y  of the ve loc i ty  prof i les  when a > 0 is the lack of smoothness  in the distr ibution of ve loci t ies  through 
the channel c r o s s  sect ion for  high Reynolds numbers  [Fig. 3, in which for  a=l the w(y) re la t ionships  for  dif- 
ferent  Re numbers  are  shown by solid l ines and the t e m p e r a t u r e  distr ibution 0(Re) by dotted lines]. The Rey-  
nolds number s  Re =1, 10, 100, and 1,000 co r r e spond  to values  of a=2 .05 ,  0.861, 0.361, and 0.148. The set of 
w(y) p rof i l es  for  Re =1,000 anddt f fe ren t  P r a n d t l n u m b e r s  (0 < a< 1 ,000)are  shown in Fig. 4. The prof i les  of the 
m a s s  ve loc i ty  PVx~U/8 are smooth  (Fig. 5, in which u/~ p rof i l es  for  a=0  and a = l  a re  compared  at Re = 1,000). 

Thus,  the unevenness  in the densi ty dis tr ibut ion through the channel c ro s s  sect ion genera tes  a reduction 
in the vo lumet r i c  ve loci ty  and an inc rease  in the m a s s  veloci ty  in the a r e a  around the axis.  

The author wishes  to thank A. F. Seleznev for  ca r ry ing  out the calculat ions and V. N. Shtern for  d i s cu s s -  
ing the paper .  
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D E T E R M I N I N G  T H E  R A D I U S  O F  T H E  A I R  V O R T E X  

D U R I N G  T H E  L A M I N A R  F L O W  O F  A L I Q U I D  IN A 

C E N T R I F U G A L  A T O M I Z E R  
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a n d  Y u .  I .  K h a v k i n  

UDC 532.517 

In exis t ing t heo r i e s  of cent r i fugal  a tomize r s ,  such as that of Abramovich  [1], in o r d e r  to de t e r -  
mine the radius  r 0 of  the a i r  vo r t ex  the conditions of the m a x i m u m  rate  of flow o r  some other  
e x t r e m a l  pr inciple  are  conventionally employed.  In this  pape r  the radius  of  the a i r  vor tex  will 
be de te rmined  f rom the equations of motion of a v iscous  incompress ib le  liquid. 

The atomizer under consideration is illustrated schematically in Fig. 1. Phenomena taking place in the 
boundary layers close to the ends are not taken into account. The region of flow is divided into two zones. 

All the quantities in this paper are dimensionless; lengths are given in terms of the radius of the outlet 
nozzle rl, and velocities, in terms of the velocity in the inlet channels V. 

In zone I(1-< r -  < a) the flow is quite flat,  of the vo r t i ca l  s ink type,  i .e.,  v = v ( r ) ,  u = 0 ,  w =w(r),  where v is 
the rad ia l  ve loc i ty  component,  u is the axial component,  and w is the c i r cumfe ren t i a l  component.  

Equations for the veloci ty  components  in zone I were  obtained in [2]: 

U ~ --~,"l ';  IL~ ~ C1 r l - z R e  7-  C2,'r, 

where ~ =f/2~rLr,; Re = V r J v ;  f is the c r o s s - s e c t i o n a l  a r e a  of the inlet channels .  

Leningrad.  T r a n s l a t e d  f rom Zhurnal  Pr ikladnoi  Mekhaniki i Tekhnicheskoi  Fiziki,  No. 3, pp. 54-57, 
May-June,  1976. Or ig inal  ar t ic le  submi t ted  Apri l  8, 1975. 
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In o r d e r  to de t e rmine  the cons tan t s  C 1 and C 2 we have the condi t ion 

w = I ( r - -  a) 

and the conjugat ion  condi t ions  fo r  the f lmction f and its de r iva t ive  at r = l .  

( i )  

In zone II ( r 0 -  < r - 1 )  the liquid is in t roduced  u n i f o r m l y  along the Whole length of  the c h a m b e r  L. 

F o r  de t e rmi n i ng  r 0 we obtain an in t eg ra l  condi t ion analogous  to the in teg ra l  equat ion govern ing  the t r a n s -  
f e r  of  the p r inc ipa l  momen t  o f  m o m e n t u m  t h rough  the c r o s s  sec t ion  of  a l a m i n a r  jet [3]. 

Let  us  c o n s i d e r  tha t  even in zone II the c i r c u m f e r e n t i a l  ve loc i ty  componen t  does not depend on the axial  
coord ina te  z.  

In zone II we then have the fol lowing equat ions :  

vdw/dr 4- vw/r  = ( t /Re) (d"w/dr  ~ _ ( i / , ' ) d u " d r - -  w.'F); 

Oru/Or 4- O(ru)/Oz ~- O. 

(2) 

(3) 

A f t e r  mul t ip ly ing  both s ides  by r and us ing  the cont inui ty  equat ion (3), Eq.  (2) may  be r ewr i t t en  in the 

a(ruw)/Oz 4- O(rvw)/Or 4- vw = ( t /Re) (d /dr ) [ ( l / r ) (d ( rw) /dr )  l 

f o r m  

o r  a f t e r  r e p e a t e d  mul t ip l i ca t ion  by r ,  in the f o r m  

~(r~'uw)/Oz 4- O(r2utv)/Or -= ( i /Re){ (d /dr )rd(rw) /dr  - -  2d(rw)/dr} .  

In t eg ra t i ng  both s ides  of  the l a t t e r  equat ion a c r o s s  zone II f r o m  r = r  0 to r = l ,  we obtain 

1 

d r2uwdr 4- lr VWlr=~o --  Re [ dr --  2rw (4) 
d~ r=ro" 

re 

Following [1, 2, 4], we assume that r 0 is constant along the whole length of the chamber. 

At r=r0, we have the conditions of impenetrability, and the surface of the air vortex is free, i.e., 

v = 0; dw/dr : 0 (r = re) , (5) 

at r = 1 we have the conjugat ion  condi t ion fo r  the funct ions  v and w. 

Af t e r  subs t i tu t ing  boundary  condi t ions  (5) into F.q. 4, we obtain  

1 

• "~e ( r~176 - -  2u,1 + L ~ J , ' = ,  d d f r g u w d r =  "l [d(n,, ,] }, (6) 
To 

where  w 1 =w(1); w0=w(r0).  

Equat ion (6) s e r v e s  to de t e rmine  r 0 fo r  known u(r ,  z) and w(r) .  F o r  de t e rmin ing  the ve loc i ty  componen t s  
we  make use  of  app rox ima te  e x p r e s s i o n s ,  s ince  the solut ion o f  the h y d r o d y n a m i c  s y s t e m  of equat ions  involves  
s e r i o u s  d i f f icul t ies .  

It fol lows f r o m  the condi t ion r 0 =eons t  tha t  u = zf(r ) .  By equat ing  the amount  Of l iquid pa s s ing  t h ro u g h  
the boundary  between zones  I and II in a sec t ion  o f  length z to the flow th rough  the c r o s s  sec t ion  of  zone II,  
we obtain  

342 



f r o m  which it follows that  u = z f ( r ) .  

2arlv(l  ) z = '2a I' r u d r ,  

As u we take  the f l o w - a v e r a g e  ve loc i t y  

u = 2 z z / '  1 - -  r~' .  (7) 

F o r  w we take the fol lowing e x p r e s s i o n  p r o p o s e d  in [4]: 

w = u'~2rori r= + r~j .  

F o r  this  spec i f i ca t ion  of  w(r) the boundary  condit ion (5) is au tomat i ca l ly  sa t i s f ied .  F o r  de t e rmin ing  C1, 
C2, and w 0 we have the condit ion (1) and the two conjugat ion condi t ions .  Solving this  s y s t e m  of equat ions ,  we 
obtain  

-o  : C. , - . - l - - ( . f f~  ~7~; 
(1 == 2 .. :,(-• • 1". ~ I - : - 7  - ,: . . . .  ":'U { 

, - , ,  ; l - - C ~ ( l - ~ , ' : ~ '  ! 'J  " r~,'~,' 

The e x p r e s s i o n s  for  the c i r c u m f e r e n t i a l  ve loc i ty  componen t s  have the f o r m  

~l" = C . r  : -~R" ' ~1 -- t'~;'- ~n.)'r (i ~ ," </~,'1: (8) 

. ' - l " l - - t ' ~ i I - - . : - ~ " : " ~ l  .... 1"i-" ' r  ~ - - r /  .~,, r ~ J ) .  

Subst i tut ing the resu l t an t  p ro f i l e s  (7) and (8) into the in teg ra l  equat ion (6), we obtain an equat ion linking 
r 0 to the p a r a m e t e r  •  

" i - : - -  I -- . ' .  

F igure  2 i l l u s t r a t e s  the r e l a t ionsh ips  r0= r0 (zRe)  (continuous cure, e) and r 0 =(2.513, /•  t/z) (based on the equa-  
t ion of  [2], dashed  cu rve ) .  

l o  
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