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Cor rec t ion  functions a r e  der ived  which p e r m i t  extension of the r e su l t s  of the theory  based  on an 
asympto t i c  f r ic t ion  law for  un i form suction of a boundary l ayer  to low-intens i ty  f i lm condensation 
f r o m  a moving vapor.  

Start ing with the c l aes ica l  pape r  by Nusse l t  [1], the p rob lem of f i lm condensat ion f r o m  a moving vapor  
under  s t r i c t ly  s e pa ra t e  motion of the phases  has been the subject  of analys is  in a whole s e r i e s  of studies 
[2-14]. The Nusse l t  paper ,  ref lect ing the level  of development  in hydrodynamics  in his  t ime,  was based on 
an evaluat ion of in te rphase  dynamic in terac t ions  by means  of e m p i r i c a l  re la t ions  cha rac t e r i z ing  the f r ic t ion 
between the gas  flow and a dry i m p e r m e a b l e  wail. The p r o p e r t i e s  of in te rphase  in te rac t ions  in actual  con- 
densat ion p r o c e s s e s ,  which depend on t r a n s v e r s e  m a s s  flow through the f r ic t ional  sur face ,  have, on the other  
hand, de te rmined  the basic  d i rec t ion of subsequent development  of the Nusse l t  theory.  An impor tan t  con-  
t r ibut ion to that  d i rec t ion  was the pape r  of Chernyi  [5] in which the concept  of a two-phase  boundary layer  was 
f i r s t  fo rmula ted  for  m a s s  flow through a densi ty discontinuity surface .  A solution was obtained in the same 
pape r  for  the p ro b l em  of condensat ion f r o m  flow on an i s o t h e r m a l  plate  under weight less  conditions. Un- 
for tunate ly ,  the work  of Chernyi  e scaped  the attention of inves t iga to r s  in the field of condensat ion for  a long 
t ime.  It i s  only in this  way that  one can explain the fact  that  the c o n c e p t o f a  two-phasebounda ry  l a y e r r e c e i v e d  
recogni t ion only at the beginning of the 1960' s a f te r  fore ign inves t iga to r s  [9, 10] once again p roposed  the con-  
cept  and applied it  to solve the v e r y  same  p rob lem of condensat ion under weight less  conditions. It mus t  also 
be r e g r e t t e d  that  the work [5] has not been re f lec ted  thus fa r  in our  own monographs  and scientif ic manu-  
s c r ip t s  on heat  t r ans fe r .  

Another  approach  to the solution of the p rob lem of condensat ion f rom a moving vapor  was p roposed  in 
[11]; it was based  on r e su l t s  f rom the hydrodynamics  of sucked boundary l aye r s  which Cere  well  known as 
fa r  back as the 1930's. Starting f rom the identity of condensat ion and suction, a f r ic t ional  law typical  of an 
asympto t ic  boundary l ayer  with uniform suction [15] was taken in [11] as a bas is  for  the analys is  of condensa-  
t ion f rom a moving vapor.  This  approach,  which is val id in the case  of sufficiently intense condensation, is  
genera l ly  l e s s  r igorous  than an analys is  based  on a two-phase  boundary layer .  On the other  hand, the ap-  
p roach  a s sumed  made  it  poss ib le  to en large  the group of analyzed p rob l ems  considerably.  In pa r t i cu la r ,  a 
s e r i e s  of new solutions were  obtained which were  cons t ruc ted  for  the f i r s t  t ime  with condensation of the 
exis tence  of m a s s  flow through the in te rphase  sur face  { t ransverse  flow over  a cyl inder  under weight less  condi-  
t ions and in a g rav i ta t iona l  field, a ve r t i c a l  plate ,  in terna l  condensat ion p rob lem under weight less  conditions 
and in a g rav i ta t iona l  field) [11, 16-18]. We have made  an a t tempt  to fo rmula te  the l imi ts  of applicabil i ty of the 
approach  in [11] in t e r m s  of condensat ion p a r a m e t e r s  and to es tab l i sh  the fo rm of the co r rec t ion  function 
permi t t ing  extension of the r e su l t s  of the analys is  to the region of l e s s  intense condensation f rom a moving 
vapor .  

The l imi t s  of appl icabi l i ty  of this approach  a re  de te rmined  by inequali ty (3) in [11]: 

2Cq ~ 1. (1) 
c7 

The upper  l imit  of the coeff icient  C~ for  the "dry" component  of the total  f r ic t ion c a n  be de te rmined  f rom 
the Blas ius  law for  l amina r  flow over  an ~impenetrable plate without suction: 
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C~ -- 0.664 
;Re" (2) 

The discharge coefficient for condensation from a moving vapor on an isothermal plate under weightless 
conditions is  

co-  Ar_ ' N , f  
rp"U~ 2 I / p"'xU| " (3) 

The coefficient  of heat t r an s f e r  in the last  re la t ion was determined f rom the resu l t s  of the analysis  in 
[11] for  nonmetall ic  fluids (N << 1). 

After  making the appropr ia te  substi tutions,  the inequality (1) takes the following final form in t e r m s  of 
condensation pa rame te r s :  

M = N [[ p'~t'p.~t, ] ,/2 > 0.664. (4) 

As follows f rom the re la t ion obtained, the l imits  of applicability of this approach are  completely de te r -  
mined by the t empera tu re  head and the physical  p roper t i e s  of the vapor and condensate.  In addition, since the 
"dry" component of the f r ic t ion in the p resence  of condensation is  always less  than according to the Blasius 
law, the conditions for  the applicabili ty of the approach in [11] must  be somewhat less  r igorous  in the genera l  
case.  It is possible to obtain more  p rec i se  der ivat ions on the basis of existing analytic resu l t s  f rom invest iga-  
t ions of the dynamic cha rac t e r i s t i c s  of sucked boundary layers .  

A cha rac te r i s t i c  fea ture  of condensation on an i so the rmal  plate under weightless  conditions is the change 
of the coefficient  of heat t r a n s f e r  along the plate in inverse  proport ion to the square root  of the distance f rom 
the leading edge. The corresponding problem of suction on a boundary layer  (CQ ~ x-l/2) was studied by 
Scblichting and Bussman [15]. It was shown that this type of boundary layer  is cha rac te r i zed  by s imi la r  
veloci ty prof i les  in cont ras t  to the case  of uniform suction. Detailed tables  of the p a r a m e t e r s  for  this type of 
flow were  published somewhat l a t e r  [19]. 

In general ,  the magnitude of the shear  s t r e s s  at the interphase surface  during condensation on a plate 
f rom a vapor  flow under weightless  conditions can be de termined f rom the express ion  

= Kix(U|  - -  V~). (5) 

It is apparent that the coefficient K must satisfy the condition K ~- 1. 

Similarity of velocity profiles in the vapor boundary layer for this case of an isothermal plate ensures 

�9 the constancy of K along the plate. 

When Eq. (5) is taken into consideration, it is easy to show that the solutions for local and average heat 

transfer on an isothermal plate (Eqs. (9) and (10) in [11]) will have the form 

1 1 / -  KN rp'U~3. 
ax = -2 V K N - ~  1 ATx ' (6) 

# KN rp'U| 
= K N - k  1 ATL (7) 

Further, by determining K from the data of [2011" for the most varied possible hydrodynamic parameters 
of vapor flow, heat transfer can be calculated from Eqs. (6) and (7) for condensation of any intensity. The 
results of such calculations performed for a broad range of the parameter M for both local and average heat 
transfer are approximated with good accuracy by a relation of the following form: 

( 000),  ~=~j I +---~ (s) 

It should be noted that this solution for condensation of a laminar vapor flow on an isothermal plate under 
weightless conditions transforms in the limit both to the solution for intense processes [ii] and to the solution 
corresponding to "dry" friction (M<< i) in accordance with Eq. (2). 

~As in Russian original. There is no [20] given in Literature Cited -- Publisher. 
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For condensation on an isothermal cylinder over which there is a nonseparating transverse flow of 
vapor under weightless conditions, the specific form of the analogous correction factor to the asymptotic solu- 
tion of [11] (Eq. (20) in [11]) was obtained in [15]: 

( ~ = ~ \ 1  + - -  �9 (9) 

Equations (8) and (9) make it possible to construct solutions which are valid for a broad range of the 
parameter M and for the occurrence of the processes discussed in a gravitational field (vertical plate and 
horizontal cylinder over which a descending vapor flows). It is most convenient to solve this problem by the 
representation of existing relations (Eqs. (19) and (20) of [16]; Eq. (22) in [11]) as a combination of two solu- 
tions of the same problem -- separately under weightless conditions and separately in a gravitational field 
alone (according to Nusselt) -- and through the introduction of solutions for weightless conditions in the form 
of Eqs, (8) and (9). 

The relationship for the average coefficient of heat transfer during condensation of a descending vapor 
on a vertical plate under such a transformation takes the form 

V2- 1 / X2~v-U-~-= ( 0.66 ~,1/3 
( 413 2 +  I +  U~N 1 §  

- l la 
] +  ] +  U~N 

(10) 

For condensation during nonseparating flow of a descending vapor over a horizontal cylinder, the solution 
(22) of [11] for N<< 1 transforms to 

~ ' = 0 " 6 4 1 / / ~ ( 1 V  ~'D \ -}-M-l) l/a 
U~N (1 + - -  ~/~ 

On the whole, the results make it possible to expand the applicability of the theory of film condensation 
from a moving vapor, which is based on the classical results of hydrodynamics for sucked boundary layers, 
into the region of low-intensity condensation. 

N O T A T I O N  

CQ, discharge coefficient; C~, coefficient of the "dry" component of total friction (not associated with 
interphase mass flow); Us, U~, velocities at interphase surface and at a great distance from it; k, thermal 
conductivity of condensate; r, latent heat of condensation; p' ,  p", densities of condensate and vapor; u", 
kinematic viscosity of vapor; ~ ' ,  ~", dynamic viscosities of condensate and vapor; ~, coefficient of heat 
transfer;  aj, coefficient of heat transfer according to theory in [11]; A T, difference between temperatures of 
saturated vapor and condensation surface; j, mass flow through interphase surface; T, interphase shear stress; 
g, acceleration of gravity; x, L, distance from leading edge and plate length; D, cylinder diameter; 

U~x )~AT N[ p'~t' 1I/2 
R e " =  - - ,  N - -  - - ,  M =  - -  

~" r~" L P"~" J " 

1. 
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FLOW O F  T W O - P H A S E  M I X T U R E S  IN A R O T A R Y  M I X E R  

V. V. K a f a r o v ,  A. A. A l e k s a n d r o v s k i i ,  
I .  N. D o r o k h o v ,  a n d  F .  G.  A k h m a d i e v  

UDC 532.529.5:621.929.9 

On the bas i s  of a hydrodynamic model  of a mul t ive loci ty  continuum, the flow of misc ib le  m a -  
t e r i a l s  over  the working su r face  of a mul t i s tage  centr i fugal  (rotary) m i x e r  is invest igated,  and 
the opt imal  d imensions  of the working sect ions  requ i red  to obtain a high-quali ty mix tu re  a re  
determined.  

In the operat ion of a r o t a ry  m i xe r ,  a liquid and a highly d i spe r se  solid a re  supplied to the cen te r  of the 
rotat ing sect ion of the f i r s t  s tage of the ro tor ,  and l aye r s  of the liquid, the forming mix ture ,  and the solid 
component  flow over  the sur face  of a conical  channel. Under the action of centr i fugal  fo rces ,  the solid m a -  
t e r i a l  tends to set t le  out into the liquid, and then at the edge of the sect ion all this m a t e r i a l  is d i spe r sed  
(Fig. 1). The two-phase  medium flows on through success ive  s tages  of the ro tor ,  which a re  s im i l a r  in con- 
s t ruct ion,  where  the final red is t r ibut ion  of the components  occurs .  

The motion of each l aye r  of m a t e r i a l  over  the sur face  of the spinning ro to r  is desc r ibed  by the equations 
of fluid mechanics ;  each l ayer  has  i ts  cor responding  theologica l  equation of state. The flow of pure  liquid is 
desc r ibed  by the different ia l  equations 

dVo p0 ~ -  = plOFo _:_ div T o, (1) 

where p~ and V 0 a re  the density and veloci ty  of the liquid; T O is  the s t r e s s  tensor ;  and F 0 is  the m a s s  force.  

The mix tu re  which f o r m s  const i tu tes  a two-phase  medium and can be desc r ibed  on the bas i s  of the mul t i -  
veloci ty  Rakhmatul in  model  (if d i rec t  col l is ions  and shear  s t r a ins  of the solid pa r t i c l e s  may  be neglected in 
compar i son  with the c a r r i e r  phase) by the equations [1, 2] 

~ +V (p~V~)=O, (2) 
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