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An equation is der ived  desc r ib ing  the kinet ics  of phase  t r a n s f o r m a t i o n s ,  in d imens ion less  va -  
r i ab l e s ,  for  the adiabat ic  nonequi l ibr ium flow of an evapora t ing  liquid. 

The adiabat ic  nonequfl ibr ium flow of an evapora t ing  liquid has 'been deal t  with in many  theore t i ca l  and 
expe r imen ta l  s tudies  [1-6]. However ,  the s i m i l a r i t y  c r i t e r i a  cha rac t e r i z ing  the kinet ics  of phase  t r a n s -  
f o rma t ions  during the d i scha rge  of a sa tu ra ted  liquid have not yet been suff icient ly explored .  With the r a t e  
of change in the number  of act ive  vapo r  genera t ing  cen te r s  [8] and with a law governing the bubble buildup 
[1, 4, 5, 7] known, the equation of vapor  genera t ion  becomes  

~-  . ~ ~ exp - -  3kT 4zr~?~ 9'Lw ~ l l  '-' 3~ar 
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Equation (1) mus t  be in tegra ted  f r o m  sect ion z 0, where  the s y s t e m  c r o s s e s  the sa tura t ion  line, to the 
given sec t ion  whose coordinate  is z. 

We introduce new sca le  f ac to r s ,  denoting them with the s u p e r s c r i p t  0, and denote the d imens ion less  
v a r i a b l e s  with a t i lde.  Equation (1) becom es  then 
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This yie lds  the sca le  fac tor  for  the r a t e  of phase  t r an s fo rma t ion ,  when both phase s  flow at the s ame  
veloci ty:  

•  k*TL V m * a  " k r  - -  ' - ~  V--~o " 

V 
At the s a m e  t ime ,  the cons tancy  conditions must  apply to the s y s t e m  ene rgy  and the nucleat ion ene rgy  

of the new phase :  

ar~cr ~ K = idem. (4) 
kT 

The phase  t r a n s f o r m a t i o n  r a t e  was de te rmined  exper imen ta l ly  f r o m  the absorp t ion  of E - r a y s  by the 
sa tu ra t ed  liquid flowing through a cyl indr ica l  Ventur i  tube.  As a source  o f /3 - rays  the au thors  used  the Sr 9~ 
isotope with an ene rgy  of 2.27 MeV inside a lead cyl inder .  The cavi ty  in the l a t t e r  had a d i a m e t e r  equal to  
that  of the Ventur i  tube and a 10 t imes  g r e a t e r  depth. On the opposite end of the Ventur i  tube was placed a 
f a c e - t y p e  ha logen ide -c rys t a l  STS-5 counter  in a lead shel l .  The cav i t ies  in both cy l inders  were  aligned 
p r e c i s e l y  coaxia l ly  with the Ventur i  tube and could be displaced along the l a t t e r  by  means  of a w o r m - g e a r  
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Pig .  1. Vapor  genera t ion  (%) as  a function 
of the homochronic i ty  number  and the d i -  
mens ion le s s  complexes :  k = 74.5" 108 and 
N = 1.3" 105 (1), k = 49.5" 103 and N = 1.6 
�9 105 (2), k = 31.4" 10 g and N = 2.4" 105 (3), 
k = 10.72" 103 and N = 4"103 (4 ) .  

d r ive .  A few Ventur i  tubes  for  this  t e s t  had been made of a c ry l i c  g lass  and b r a s s  with a 0.1-0.2 m m  wall 
th ickness .  Pu l s e s  f r o m  the counter  were  fed to a model  P P - 1 2  conve r t e r .  Before  the tes t ,  the en t i re  in- 
s t rumenta t ion  was t a r ed  out by i r rad ia t ing  the Ventur i  fi l led with liquefied gas ,  with vapor  at va r ious  p r e s -  
s u r e s ,  or  with a homogeneous med ium whose absorp t iv i ty  was known. According to a subsequent  data  eva l -  
uat ion,  the to ta l  e r r o r  in m e a s u r i n g  the vapor  content along the Ventur i  tube did not exceed 5%. 

The p r e s s u r e  of sa tu ra ted  liquid propane  before  enter ing  the cyl indr ica l  tube and then along the tube 
inside was m e a s u r e d  during the t e s t  with c l a s s  0.4 m a n o m e t e r s ,  while its m a s s  flow r a t e  was m e a s u r e d  
by the weighing method.  

P e r f o r m i n g  a t e s t  s e r i e s  with the s a m e  Ventur i  tube at constant  inlet and back p r e s s u r e s  of sa tu ra ted  
liquids with invar iab le  h y d r o g e n - c a r b o n  composi t ions  has  made it poss ib le  to es tab l i sh  a re la t ion  between 
the actual  vapo r  content and the hydrodynamic  as well  as  the t h e r m a l  homochronic i ty .  

The r e s u l t s  of this  expe r imen ta l  s tudy a r e  shown in Fig.  1. F o r  our  data evaluat ion in t e r m s  of the 
homochron ic i ty  c r i t e r ion ,  the t i m e  p a r a m e t e r  has  been rep laced  through the Strouhal number  by the d i s -  
t ance  f r o m  the Ventur i  inlet to the point of m e a s u r e m e n t .  The cu rves  in Fig.  1 indicate a dis t inct  depen-  
dence of the actual  vapor  content in a nonequi l ibr ium s t r e a m  on the homochronic i ty  number  and that ,  f u r -  
t h e r m o r e ,  the curves  a r e  different  for  d i f ferent  va lues  of the d imens ion less  K and N complexes ,  with the 
t h e r m a l  homochronic i ty  impl ic i t ly  affect ing each t e s t  point as a r e su l t  of the F o u r i e r  number  changing as 
a function of the actual  vapor  content and of the Ho number .  

The g raph  a lso  indicates that  the s t r e a m  ve loc i ty  d e c r e a s e s  with increas ing  Ventur i  length, i . e . ,  the 
longer  the liquid p a r t i c l e s  r e m a i n  inside the Venturi ,  the m o r e  complete  becomes  the evapora t ion  p r o c e s s  
in the boiling s t r e a m .  F r o m  the d i f fe rence  between the cu rves  for  di f ferent  va lues  of the d imens ion less  K 
complex ,  one can conclude that  a d e c r e a s e  in the ene rgy  of genera t ing  c r i t i c a l - s i z e  vapo r  nuclei  will r e su l t  
in an inc rease  in the actual  vapor  content in the s t r e a m .  

According to a s t a t i s t i ca l  ana lys i s  of the t e s t  data ,  the l a t t e r  a r e  fitted bes t  on the following curve :  

q) = 1-- exp (K-~ ~176 Ho). 

This  equation has ,  t he r e fo re ,  been se lec ted  as  the bes t  approx imat ion  of the sought re la t ion .  

The va r i ance  of t e s t  points  f r o m  Eq. (5) is within +10%. This inaccuracy  can be at t r ibuted to the in-  
a c c u r a c y  of the approx imat ion  and to the e r r o r  in m e a s u r i n g  the vapor  content during a tes t .  The fo rmula  
m a y  be used,  however ,  for  calcula t ing the m a s s  t r a n s f e r  of sa tu ra ted  liquid through cyl indr ica l  Ventur i  
tubes  of different  r e l a t ive  lengths.  

N O T A T I O N  

p is the densi ty;  
v is the spec i f ic  volume;  
P is the p r e s s u r e ;  
T is the t e m p e r a t u r e ;  
m is the m a s s ;  
V is the volume;  

is the su r face  tension;  
r is the rad ius ;  
k is the S t e f a n - B o l t z m a n n  constant;  
w is the mean  veloci ty;  
l is the length; 
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is the time; 
is the thermal flux; 
is the thermal diffusivity of the liquid; 
is the thermal conductivity of the liquid; 
is the heat evaporation; 
is the 
is the 
is the 
is the 
is the 

cross section area; 
actual vapor content; 
vapor content in discharge; 
rate scale of phase transformation; 
rate of cri t ical-size bubbles generation. 

r s c r i p t s  

denotes liquid; 
denotes vapor; 
denotes saturation; 
denotes critical state; 
denotes molecules. 
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