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The resul ts  a re  presented for an experimental  study of the ra te  of formation of the gaseous 
phase during the turbulent flow along a cylindrical  channel of a liquid supersa tura ted  with a 

gas o 

The l iberation of dissolved gas in a liquid s t r eam (,'gas cavitation") is observed in many industrial  
sys tems  [1]. However, the kinetics of this p rocess  has not been studied quantitatively. At present  the 
most  effective method for its study is an experiment set up on the basis  of s imi lar i ty  theory.  

In this connection an experimental  installation [2], for which a schemat ic  d iagram is presented in 
Fig. I ,  was created to study the kinetics of gas l iberation. Water  1, sa tura ted  at the p r e s s u r e  Ps with a i r  
or carbon dioxide, was supplied to the horizontal  smooth Duralumin or glass  tube 2. Upon passage through 
the set of wire sc reens  3 the solution becomes supersa tura ted  because of the p r e s s u r e  drop in the s t r eam 
to a value p < Ps and gas l iberation begins.  The volumetr ic  fract ion of the gaseous phase in each cross  
sect ion of the s t r eam was determined with the radioact ive detector  4 which was moved along the tube dur -  
ing the experiment .  

A study of the kinetics of gas l iberation in cylindrical  channels of round cross  section was per formed 
on the installation. The main task of the study was to obtain a c r i te r ia l  relat ionship permit t ing the de te r -  
mination of the ra te  of the p rocess  in the sect ion where it is no longer affected by the form of the local r e -  
s i s tance .  In all the experiments  the movement of the medium was steady, forced,  and turbulent, the 
s t r e a m  had a bubbly s t ructure ,  and the Mach number was considerably less than one. The tempera tu re  
of the s t r eam was prac t ica l ly  constant along the tube, and heat exchange with the external  medium was ab-  
sent. The liquid phase could be considered as diluted by the solution of the "gas" in the liquid, while the 
gaseous phase could be considered as a one-component  ideal gas (because of the low elast ici ty of water  
vapor).  For  such conditions it was assumed that the "l inear" ra te  of gas l iberation is 

d~ = F (s, ~, R, Re, We, % ~), (1) 
dz 

where q is the volumetr ic  fract ion of the gaseous phase; 

3 ~ g 

Fig. i .  Schematic d iagram of installation. 
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Fig. 2. Typical  var ia t ion in gas con- 
tent along channel. Solution of CO 2 in 
H20; Re = 150,000; 1) equilibrium 
gas content; 2) t rue gas content. 

x Ps ; p" . p 'wd.  p'w2d 
X = - - ~ - ; s = ~  v=?p~;  R =  p , ,  R e =  W e =  , 

P Ix' ' a 

where T is the Henry ' s  eonstant normal ized to the dimension-  
ality Pa; p" and p' a re  the density of the gas and liquid, r e -  

~,~ spective!y;~ /~'~ is the viscosi ty  9f~he liquid; ~ is the coeffi-  
cient of surface tension; w = 4G/rrp'd2 is the s t r e a m  velocity 
normal ized to the total flow ra t e  G of the medium and the den- 
si ty of the liquid. 

We note that the Schmidt number was not included in the 
set of  s imi lar i ty  cr i te r ia ,  since the role of molecular  mass  
t r ans fe r  was assumed to be negligible in the presence  of de- 
veloped turbulent motion of the s t r eam.  The slipping of the 
phases was expressed through the other pa ramete r s  with the 
help of the ra t io  between the true and f l o w - r a t e g a s  contents 
[3]. The degree of d ispers ion  of the gaseous phase was also 
a s s u m e d t o b e a  function ofthe pa rame te r s  enumerated above [4]. 

To determine the function (1) we per formed 86 experiments,  in the course  of which the s imi lar i ty  
c r i te r ia  were var ied  within the following l imits :  

s =  1.1--8.1; v=0.9 .10-4--0 .7-I0-2;  R =  10 - s -  10-~; 

R e =  5-10 a -  1.5.10a; We = 26--24000; tp = 0--0.4.  

To give an idea of the dimensional  pa r ame te r s  we should say that the water  t empera ture  in the ex- 
per iments  was var ied  f rom +4 to +20~ and the saturat ion p r e s s u r e  from 3.105 to 106 Pa. The d iameters  
of the tubes were 10 and 16 mm, and the length was 1000 mm. As the local hydraulic res i s tances  we used 
fine sc reens  of s ta inless  s teel  and b rass  {wire thickness and cell s ize 0.2 mm each) collected into packets 
of 1-10 sc reens  and completely covering the channel c ross  section. 

A typical dis tr ibut ion of  the t rue  volumetr ic  gas content along the channel is shown in Fig. 2. The 
value of the equil ibrium gas content in each cross  sect ion was calculated f rom the local value of the static 
p r e s s u r e .  

The experimental  data were  analyzed by the methods of r eg re s s ion  analysis  [5] with different forms 
of the dependence (1). 

It was d i scovered  that if the s imi la r i ty  c r i t e r i a  a re  calculated f rom the values of the pa rame te r s  in 
the s t r e a m  cross  sect ion under considera t ion ' then the function (1) does not depend explicitly on X when • 

25. In other words,  the effect of a local r es i s t ance  of the grid type on the intensity of gas l iberation 
does not extend fa r ther  than X ~ 25. This fact makes it possible to general ize  the well-known concept of 
s tabil izat ion of fr ict ional  and heat-exchange p rocesses  for the movement of a liquid along tubes to p roc -  
esses  of gas l iberation. As a resul t  of the study it was  found that for the sect ion of the stabilized p rocess  
of gas l iberation the following equation is valid with an r m s  e r r o r  of 35% in the range of var ia t ion of the 
s imi la r i ty  .cri teria indicated above: 

dip -- 0.1 ], (s - -  1)~ vo.47 R-o-5 Re-O.la exp [-- 3.79 ( 1 - -  (p)~]. (2) 
dx 

The effect of the Weber number proved to be insignificant.  

In the sect ion of the nonstabilized p rocess  (• < 25) the rate  of formation of the gaseous phase is 
h igher  than in the sect ion of the stabil ized p rocess  and is not expressed by a simple analytical  equation. 

In a theoret ical  analysis  of flows having phase t ransformat ions  it is more  convenient to charac te r ize  
the intensity of gas l iberat ion not by the value d{0,/d)~, but by the mass  rate  of gas l iberat ion J, which has 
the dimensionali ty k g / m  3 �9  One can conver t  f rom d~0/d• to J with the help of the continuity equation of 
[6]. As a resul t ,  with allowance for slipping of the phases,  it is found that in the sect ion of stabilized gas 
l iberat ion 

Jd 2 
I J - -  /x' --O.11(s--  1)~176176176 (3) 
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In Eq. (3) 

when ~ -~ 0.2 a = 0,023; b -= 3.67; c = 1,89; 

when 0 . 2 ~ q ~ 0 , 4  a=0.100;  b=30.9 ;  c=3 ,57 .  

To clarify the qualitative effect of the f o r m  of the hydraul ic  res i s t ance  3 (see Fig. i) and of the 
roughness of the tubes 2 o n t h e  kinetics of the p rocess  under investigation severa l  experiments  were 
conducted with local res i s tances  in the form of thrott le  disks and with the creat ion of ar t i f icial  roughness 
of the surface  of the tubes.  When thrott le  disks were used the length of the sect ion of the nonstabilized 
p rocess  and the ra te  of gas l iberation in it increased  considerably (these pa rame te r s  were not studied 
quantitatively). In this case when the relat ive opening of the disk was small  enough (8~ the volumetr ic  
fract ion of the gaseous phase beyond it under cer ta in  conditions (Re = 48,000) was close to the equilibrium 
value. The resul ts  of the experiments  using rough tubes with a relat ive roughness on the order  of 0.01- 
0.02 hardly differed f rom the resul ts  of an experiment with smooth tubes. This indicates the determining 
role of the gas l iberat ion in the core of the s t ream.  
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NOTATION 

is Henry's constant, (mole/mole) �9 (I/Pa); 

is the viscosi ty  of liquid, k g / m - s e e ;  
is the molar  f ract ion of gas dissolved in liquid; 
is the density of liquid, kg/m3; 
is the density of gas,  kg/m3; 
is the coefficient of su r faee tens ion ,  N/m; 
is the true volumetr ic  gas content (volumetric fract ion of gaseous phase); 
is the dimensionless  coordinate of channel cross  section; 
a re  the dimensionless  coefficients;  
is the channel d iameter ,  m; 
is the total mass  flow rate  of medium, kg / sec ;  
is the mass  rate  of gas liberation, k g / m 3 - s e c ;  
is the dimensionless  mass  rate  of gas l iberation; 
is the stat ic  p r e s s u r e  in s t ream,  Pa; 
~s the saturat ion p r e s s u r e  of liquid by gas, Pa; 
is the ra t io  of phase densit ies;  
is the Reynolds number;  
is the degree of supersa tura t ion  of solution; 
is the Weber number;  
is the s t r eam velocity normalized to flow ra te  G and density p' ,  m / s e c ;  
~s the coordinate of channel c ross  section,  m. 
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