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T h e o r e t i c a l  and expe r imen ta l  r e s e a r c h  [1-3] has  shown that  the gas  bubb le - s ize  d is t r ibut ion function 
m a y  v a r y  cons ide rab ly  both in s t i l l  w a t e r  and in turbulent  flow. These  changes a r e  f requent ly  unre la ted  to 
the c rea t ion  o r  co l lapse  of  bubbles which occu r  under  cavi ta t ion condit ions,  but a r i s e  f rom the r e l a t ive ly  
slow p r o c e s s e s  of  solution o r  growth of gas  nuclei .  A r i go rous  theo re t i ca l  t r e a t m e n t  of bubble growth p roc -  
e s s e s ,  p a r t i c u l a r l y  in turbulent  flow, encounters  a whole s e r i e s  of diff icul t ies  a r i s ing  f rom the uncer ta in ty  of 
ce r t a in  impor tan t  phys ica l  p a r a m e t e r s  (amount and composi t ion of dissolved gas  in the liquid surrounding 
the bubbles ,  the ra t io  of  bubble s izes  to the in ternal  sca le  of turbulence ,  the pur i ty  of the liquid, etc.) .  The 
expe r imen ta l  de te rmina t ion  of the r a t e  of  growth of a bubble a lso  encounters  technica l  diff icul t ies .  It  i s  v e r y  
difficult  to t r a c e  a single rap id ly  moving bubble by photographic  r ecord ing  devices ,  and the behav ior  of a 
s ingle fixed bubble in the s t r e a m  m a y  be v e r y  di f ferent  f rom the behavior  of  a f ree  gas nucleus.  We examine 
the poss ib i l i ty  of a s s e s s i n g  the r a t e  of  growth of f ree  bubbles in a turbulent  submerged  wa te r  jet  bit m e a s u r -  
ing the dis t r ibut ion function of gas  nuclei  and i ts  evolution along the axis  of the jet .  

Assuming  that  t he r e  is no instantaneous c rea t ion  or  co l lapse  of bubbles  in the p a r t  of the je t  under  in- 
ves t iga t ion ,  and that  the s ize  dis t r ibut ion function changes only as  a r e su l t  of growth (solution), the equation 
of continuity for  the concentra t ion  of gas nuclei  in the  r e f e r e n c e  s y s t e m  moving with the a v e r a g e  flow veloci ty  
can be wr i t ten  in the fo rm 

On,'Ot + TOn/OR + nOy/OR = O, (1) 

where  n is the number  of bubbles pe r  unit range  of rad i i  in a l aye r  between two neighboring c r o s s  sec t ions  
of  the jet ,  Y = 0R/St,  and R is the rad ius  of a bubble. The val id i ty  of the above a s sumpt ion  that  t he r e  a r e  
no ins tantaneous p r o c e s s e s  was  conf i rmed  exper imenta l ly .  I f  the je t  does not e m e r g e  f rom the cavi ta t ing 
nozzle  but in the region where  the m e a s u r e m e n t s  a r e  made ,  and the flow r ema ins  the s a m e  as  for  the d i s -  
cha rge  f rom the cavi ta t ing nozzle,  then the number  of gas  nuclei is v e r y  smal l  and in p r a c t i c e  cannot be  r e -  
corded  by the appa ra tus  used .  And in the d i scharge  f rom the cavi ta t ing nozzle the to ta l  number  of  bubbles  in 
the r ange  of r ad i i  being moni to red  in the l aye r  v a r i e s  s lowly along the axis of the jet; i .e. ,  it can be a s su med  
that  the gas  nuclei  which take p a r t  in the p r o c e s s e s  of c rea t ion  and col lapse  const i tu te  a v e r y  sma l l  f ract ion 
of the to ta l  number  of gas  nuclei .  Also in the por t ion  of the je t  being invest igated the re  is no product ion of 
acous t ic  noise which is c h a r a c t e r i s t i c  of the p r o c e s s e s  of c rea t ion  and col lapse  of bubbles and is  c l e a r l y  r e -  
co rded  in the immed ia t e  v ic in i ty  of the cavi ta t ing nozzle .  

Equation (1) is  ea s i ly  solved if ~y/OR --* 0 for  7 ~ 0, and both exper imen t  and theo ry  indicate that  this  
case  is r ea l i zed  for  ce r t a in  va lues  of R. In p r ac t i c e  it is m o r e  convenient  to ca lcula te  Y by  opera t ing  with 
the number  of bubbles in a ce r t a in  finite range  of rad i i  AR r a t h e r  than with concent ra t ions .  To find 7 it is 
n e c e s s a r y  to know how the total  number  of bubles  in each range  of r ad i i  ove r  the whole range  of r ad i i  mon-  
i to red  v a r i e s  along the axis  of the jet .  With th is  in mind we m e a s u r e d  the at tenuation of a na r row ul t rasonic  
beam propaga t ing  a c r o s s  the je t  at  va r ious  d is tances  x f rom the l ip of the cavi ta t ing nozzle .  The bubble-  
s ize  dis t r ibut ion function in va r ious  p a r t s  of the je t  was found by using these  data,  t heore t i ca l  caluclat ions in 
[4], and the method of p r o c e s s i n g  in [3]. 

Within the f r a m e w o r k  of the model  chosen,  the change in the to ta l  number  of bubbles in a subgroup can 
be wr i t t en  as 

(2) 
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where  N i is the total  number  of bubbles in the layer  in the i- th subgroup in the range of radii  AR; q i - l - ' i ,  
number  of bubbles enter ing group i f rom the adjacent subgroup i - 1 with smal le r  radii  in the pol~ion of 
the jet  of length dx; qi-*i+l, number  of bubbles leaving subgroup i and entering the adjacent subgroup i + 1 
with l a rge r  radi i .  

Assuming that the change in the bubble-s ize  distr ibution density within a subgroup is small ,  we can 
wri te  

, I 

Ni_  1 -? N i ?i dx N i -[- Ni+ 1 ?j dx 

q i - l - i -  2 AR ' qi-,/+l 2 AR ~ (3) 

| 

where  3/j = (aR/0X)Rj (the Rj a re  the boundary values of the radii  of bubbles of the two adjacent groups i - 1 

and i); 3~]+1 = (aR/aX)Rj+l (the Rj+ 1 a re  the boundary values of the radii  of bubbles of the two adjacent groups 

i and i + 1). After substituting (3) into (2) we obtain 

dN, 2Al{ = (Ni-1 + Ni) "fj --  (N~ + Ni+,) ?~+1. 
dx (4) 

By letting AR -* 0 and replacing dx by Vdt, where V is the average veloci ty  of the jet, Eq. (4) goes 
over  into (1), 

Assuming that 

, I I ' ~J+I--YJ <<Tj, (5) 

We can wri te  "/~ 

, dNi 2AH 
- -  ev~_~ - N ~ +  I ( 6 )  

By calculating ~'] for  var ious  i, i .e.,  for var ious  radi i  of gas nuclei, it is possible to find a range of values 
of radi i  (if one ekists) for which inequality (5) is satisfied. With the value of 7~ calculated in the range of 
applicabili ty of Eq. (6), Eq. (4) can be used to find the values of ~/]~-t, i .e.,  the rate  of growth of bubbles at the 
boundary of the adjacent interval .  

An exper iment  was pe r fo rmed  in a hydroacoust ic  basin to investigate the evolution of the bubble d is -  
t r ibut ion function in a c i r cu la r  pipe and a submerged jet as a function of the distance f rom the lip of the noz-  
zle.  The range of radi i  monitored included values f rom 2.25 �9 10 -4 cm to 13.10-4 cm. The whole r ange  was 
divided into 22 intervals ,  each of width AR = 0.5 �9 10 -4 cm.  The distribution functions found were  used to 
cons t ruc t  the relat ions Ni(x) for all groups,  F igure  1 shows a family of curves  for severa l  values of Ri, 
the average  radius  of a bubble in a subgroup in the submerged jet: 1) R = 3.5 �9 10 -4 cm; 2) R = 4 �9 10 -4 cm; 
3) R = 5 �9 10 -4 cm; 4) R = 6.5 �9 10 -4 era; 5) R = 8 �9 10 -4 cm. (N i is the total number  of bubbles in the c ros s  sec -  
tion of the jet in a l aye r  0.51 m m  thick. The volume of a layer  of this thickness at the lip of the nozzle is 
"-~ 1 cm3.) 

Values of "/j at var ious  dis tances f rom the lip of the nozzle were calculated f rom Eqs. (5) and {4} and 
multiplied by the speed of the jet to obtain the values of yj .  The values found for ~/(R, X) a re  !isted in Table 
1. 

Invest igation of the distribution function of gas nuclei in a c i r cu la r  pipe showed that at 1east at distances 
f rom 10 to 120 cm f rom the lip of the cavitating nozzle the distribution function changed so little that the 
ra te  of growth of bubbles could be called zero.  

(In investigating flow in a pipe ~ 4.5 cm in d iameter  the distribution function was taken direct ly  at the 
pipe exit, and the eavitating nozzle,  which fit c losely  inside the pipe, was moved along it.} 

F r o m  an analysis  of the exper imental  resu l t s  obtained cer ta in  assumptions can be made about the fun- 
damental  causes  of bubble growth in turbulent  flow. In the discharge of a liquid f rom a cavitating nozzle into 
a pipe in running water  it takes ~ 10 -2 see to establish a cer ta in  equil ibrium state between the free gas in 
bubbles and that dissolved in the water .  If the jet d ischarges  into a infinite volume, undisturbed masses  of 
water  a re  entrained into the flow. Upon entering a region of lower p r e s s u r e  these masses  of water  become 
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resaturated by dissolved gas, and this leads to an increase in the diffusion of gas into bubbles causing them 
to grow. Experiment shows that the rate of growth of relat ively large bubbles with radii ~ (7-9) �9 10 -4 cm is 
proportional to the magnitude of the velocity head. 

The rate of growth of smal ler  bubbles var ies  somewhat differently with the distance from the lip of the 
nozzle, and beginning at certain distances becomes negative. This c lear ly  results  f rom the fact that the dy- 
namics of bubbles depends strongly on the ratio of their  sizes to that of the internal scale of turbulence. In 
this connection one rule observed in the experiment can be noted. If the internal scale defined [5] as l = 
L/Re3/4, where L is the t ransverse  dimension of the s t ream and Re is the Reynolds number, is compared 
with the diameter  of the bubbles, the number of bubbles in the i-th subgroup is maximum at distances f rom 
the lip of the nozzle where l ~ 2R i (the values of 1 for the s t ream are given along the lower axis of Fig. 1). 

The author thanks A. N. Barkhatov and L. A. Ostrovskii for their  interest  in the work and for helpful 
advice. 
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