
NOTATION 

Pe = 2Ua/D,  Peclet  number;  Sh@, local value of Sherwood number;  Sh, average  value of Sherwood 
number;  Re = 2 U a / , ,  Reynolds number;  C ,  re la t ive  mass  concentrat ion of t ranspor ted  component;  r ,  rad ia l  
coordinate  (normalized to radius of sphere) ;  @, angular coordinate;  a ,  radius of sphere ;  D, coefficient of 
diffusion; v, coefficient  of kinematic viscosi ty;  U, veloci ty of impinging s t r e am ;  U , ,  sca le  of velocity in 
shea r  s t r e a m;  Vr,  V@, radia l  and tangential  velocity componen t s ;  ~ ,  s t r e a m  function; ~ ra t io  of coeff i-  
cients of dynamic viscosi ty  of liquid in drop and of continuous medium; ~ ,  pa rame te r  charac te r iz ing  shea r  
intensity; n, theological  pa rame te r  of power ' law liquid. 
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EFFECT OF COMPRESSIBILITY ON THE HYDRODYNAMICS 

OF TWO-PHASE FLOWS 

V. V. F i senko  and V. I. Sychikov UDC 621 .i .013;541.12.012 

It is shown that the r e s i s t ance  coefficient  of a two-phase one-component mix ture  depends on the 
Mach number over a wide range of p a r a m e t e r s .  

It is known that in geometr ica l ly  s imi l a r  sys tems the hydrodynamics of s ingle-phase s t r e am s  is de t e r -  
mined by the i r  compress ib i l i ty  and viscosi ty .  

It has been justified theore t ica l ly  and confirmed exper imental ly  that the velocity of sound in a two-phase 
medium with a definite ra t io  of the phases can be two orders  of magnitude sma l l e r  than in the liquid phase and 
more  than an order  of magnitude sma l l e r  than the velocity of sound in the gas .  Yet, unt i l recent ly ,  calculational 
models for  est imating fr ic t ion loss in two-phase flow have taken account of the Reynolds number but not the 
Mach number .  

It is shown [1] that a one-component two-phase mixture  has the g rea tes t  compress ib i l i ty .  Exper iments  
with high-velocity gas flows in long horizontal  tubes [2, 3] showed that for  Mach numbers  g rea t e r  than 0.75-0.85 
the r e s i s t ance  coefficient dec r ea se s  with increasing Mach number and approaches ze ro  as M approaches unity. 

In the present  paper we present  the dependence of the r e s i s t ance  coefficient on the Mach number  for  the 
flow of a two-phase one-component  mixture  in tubes of constant d iamete r .  We have processed  the resul ts  of 
our experiments  on the cr i t ica l  outflow of boiling water  through long horizontal  tubes with a sharp  entrance 
edge. The  p r e s s u r e  at the entrance to  the exper imental  sec t ion  var ied f rom 106 to  9.3 �9 106 N/m2; the tube 
~iameters  were  14.2 - 10 -3, 9.8 �9 10 -3, and 5.8 �9 10 -3 m; the re la t ive  length was 141 -< L/D - 612; and the mass  
flux density var ied f rom 0.567.104 to 2.983 �9 104 kg/ (m 2 �9  
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Fig.  1, Expe r imen ta l  values of r e l a t ive  r e s i s t a n c e  coefficient  as a 
funct im of Ma th  number ,  de te rmined  f r o m  the veloci ty of sound for 
t he rm odynam i c  equi l ibr ium.  1) exper iments  [5]; 2) exper iments  [4]; 
3) our expe r imen t s ;  4) calculated by Eq.  (2). 

In addition, we p roces sed  the r e su l t s  of [4, 5] on the de te rmina t ion  of hydraulic r e s i s t a n c e  during s t e a m  
wa te r  flow under adiabat ic  conditions encompass ing  the following r ange  of p a r a m e t e r s  : P = (0A9-14.03) �9 

106 N / m  2, i = (0.093-2.52) .104 kg / (m  2 , s ec ) ,  D = 12 .08-10 -3 m,  8.06 "10 -3 m,  2.56"10 -3 m, and 1 .01 .10  -3 
m .  

In o rder  to e l iminate  the  effect of roughness  we calculated the r a t io  of the exper imenta l  value of the r e -  
s i s t ance  coeff icient  to  the value de te rmined  by hydraulic t e s t s  in the flow reg ion  s e l f - s i m i l a r  with r e sp ec t  to 
the  Reynolds number .  

The  speed of sound in a mix tu re  in t he rmodynamic  equi l ibr ium is g iven by the express ion  

dP _ /  T 
amix = ~ V -C~ mi~ (1) 

where  
Vmix~ v' + x(v" - -  v'), 

C~mi~ , = c'~ + x ( c ~ - - c ' )  
T TI 

The speci f ic  heats of wa te r  and s t e a m  at constant volume Cv, c v at the sa tu ra t ion  line on the s ide  of the two-  
p h a s e  r eg ion  were  t aken  f r o m  [61. F igu re  I shows the r e su l t s  of p rocess ing  the experimen~aI  data mentioned 
above in the f o r m  ~/~R = f(M). The  d is t r ibut ion  of the exper imenta l  points for the dependence of the r e s i s t a n c e  
coefficient  on the Ma th  number  c l ea r ly  shows t h r ee  cha rac t e r i s t i c  r eg ions .  

1~ For  M > 0.5 the effect of compres s ib i l i t y  becomes  evident.  

2. For  M < 0.3 the r e s i s t a n c e  coefficient  inc reases  sha rp ly :  A t lower  veloci t ies  the  exis tence  of uniform 
two-phase  flow becomes  less p robab le ,  and re la t ive  sl ipping between the phases  a p p e a r s ,  leading to the growth 
of d i s s ipa t ive  f o r c e s .  

3, A t r ans i t ion  zone 0,3 < M < 0.5, in which the s imultaneous ef fec ts  of v iscous  fo rces  and compress ib i l i ty  
appea r  c l ea r ly .  

The  exper imen ta l  values of the r e l a t ive  r e s i s t a n c e  coefficient  for  M -> 0.4 a r e  descr ibed  by the approx i -  
ma te  re la t ion  

~/~R = exp [-- 10M ~ (hi - -  0.4)2]. (2) 

F igu re  1 shows that  the re la t ive  r e s i s t a n c e  coefficient calculated by Eq. (2) is in good agreement  with 
the  expe r imen ta l  data .  

N O T A T I O N  

amix ,  veloci ty  of sound in two-phase  mix ture  in t he rmodynamic  equi l ibr ium; v ' ,  speci f ic  vo lume of 
water  at s a tu ra t ion  line; v" ,  spec i f ic  vo lume of s t e a m  at s a tu ra t ion  line; Vmix, specif ic  volume of s t e a m  
- - w a t e r  mixture ;  Cv, c~, speci f ic  heats of water  and s t e a m  at  constant  volume at sa tura t ion  line on the two-  
phase  s ide;  Cvmix,  speci f ic  heat of s t e a m - - w a t e r  mix ture  at constant  voktme;  L, length; D, d i ame te r ;  ~, 
r e s i s t a n c e  eoefficier~;  ~tl, r e s i s t a n c e  coeff icient  for  flow reg ion  s e l f - s i m i l a r  with r e s p e c t  to  Re;  Re,  R e y -  
nolds number ;  M, Math  number ;  ~, m a s s  f luxdens i ty ;  P, s ta t ic  p r e s s u r e .  
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E F F E C T  O F  T H E R M A L  P R O P E R T I E S  O F  B O U N D A R I E S  ON 

S T A B I L I T Y  O F  C O N V E C T I V E  F L O W  IN A V E R T I C A L  L A Y E R  

G .  Z .  G e r s h u n i ,  O .  No D e m e n t ' e v ,  
a n d  E .  M .  Z h u k h o v i t s k i i  

UDC 532.516 

The  resu l t s  of a solut ion of the p rob lem of the s tabi l i ty  of s teady convect ive flow in  a ve r t i ca l  
layer  with the rmal ly  insulated boundaries  and a compar i son  with the opposite l imiting ca se  of 
ideally t he rma l ly  conducting boundaries  a r e  p resen ted .  

The  resu l t s  of studies of the s tabi l i ty  of closed s teady convect ive flow between ve r t i ca l  pa ra l l e l  planes 
[1,2] show that  depending on the value of the Prandt l  number  Pr  the instabil i ty is caused by mechan i sms  
which differ  in the i r  physical  na tu re .  At low and modera t e  Prandt l  numbers  hydrodynamic d is turbances  
leading to the fo rmat ion  of s teady  vor t i ces  a t  the  in te r face  of the  opposing flows a r e  r e spons ib l e  for  the  in s t a -  
bi l i ty .  At l a rge r  prandt l  numbers  (Pr > 12) the  instabi l i ty has a wave nature  and is connected with an i nc rea se  
in the convect ive fluxes of t e m p e r a t u r e  waves ,  

T h e  numer ica l  r e su l t s  presented in [1,2] were  obtained on the a s sumpt ion  that  t e m p e r a t u r e  d i s tu rbances  
vanish  at the  boundar ies  of the l aye r .  Such boundary conditions cor respond  to  the  l imiting case  when the t h e r -  
mal  conductivity of the boundaries  is much g r e a t e r  than the t h e r m a l  conductivity of the  liquid. If  the t h e r m a l  
conductivit ies of the liquid and the solid m a s s e s  border ing  on it a r e  comparab le  then t e m p e r a t u r e  d is turbances  
pene t ra te  into the solid m a s s e s .  Then the question a r i s e s  of whether  the r e l a t ive  t h e r m a l  conductivity of the 
boundaries affects  the s tabi l i ty  of the convect ive flow (the conjugate p rob lem of s tabi l i ty  of convect ive flow). 
It is c l ea r  in advance that  the hydrodynamic mechan i sm of the instabil i ty mus t  be  li t t le s ens i t i ve  to  the t h e r m a l  
proper t ies  of the solid m a s s e s .  As for  a wave instabil i ty,  s ince  it is connected with growing t e m p e r a t u r e  
waves it could be expected,  genera l ly  speaking,  that  the p roper t i e s  of the  solid m a s s e s  have a cons iderable  
effect on the c r i t i ca l  p a r a m e t e r s  of this instabi l i ty.  The resu l t s  presented  below show, however ,  that  the 
penetra t ion of t e m p e r a t u r e  d is turbances  into the surrounding solid m a s s e s  has a weak effect on the conditions 
of fo rmat ion  of instabil i t ies  of both the hydrodynamic and the wave t ypes .  

T o  c lar i fy  the role  of the penet ra t ion  of t h e r m a l  d is turbances  on the  s tab i l i ty  it is obviously sufficient  
to consider  the l imiting case  opposite to that which one usually has  in mind,  namely ,  when the  t h e r m a l  conduc-  
t ivi ty  of the liquid is fa r  l a rge r  than the t h e r m a l  conductivity of the boundar ies .  In this l imiting case  the 
boundary condition of t h e r m a l  insulat ion must  be  se t  up for  t e m p e r a t u r e  d i s tu rbances .  

In the closed ve r t i ca l  layer  between the planes x = ~:h a p lanc -pa ra l l e l  convect ive flow is es tabl ished 
with a l inear  t e m p e r a t u r e  prof i le  and a cubic veloci ty  prof i le :  
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