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An equat ion  is g iven which allows ca l cu l a t i on  of the va r i a t ion  in s ize  

of a gas bubble  as i t  moves  through a l iquid .  Ir has been shown ex-  

p e r i m e n t a l l y  tha t  the flow of a l iqu id  over la rge  deformed gas bub- 

bles is not separated. 

The flow of a l iquid over  gas bubbles  has a con-  
s ide rab le  inf luence  on absorp t ion  of gas dur ing bub-  
bl ing.  

The in i t i a l  vo lumes  of the bubbles  in m a s s  t r a n s -  
fer  equipment  a re  o r d i n a r i l y  0.03 to 1 .8  cm 3. With 
a degree  of absorp t ion  of 87%, even if the gas being 
absorbed  conta ins  no i n e r t  impur i t i e s ,  the volume of 
the bubbles  r e m a i n s  g r e a t e r  than 0. 004 cm 3. 

The absorp t ion  of gas f rom individual  bubbles ,  the 
so -ca l l ed  e l e m e n t a r y  p r o c e s s  in bubbling,  was i n v e s -  
t igated in detai l  in [1] for  bubbles  of ve ry  smal l  and 
modera t e  s ize  (v < 0. 004 ore3). It was  shown that  by 
fa r  the m a j o r  pa r t  of the sur faee  a r e a  of bubbles  of 
mode ra t e  s ize  had unsepa ra t ed  flow. Fo r  example,  
for  Re = 625, the sepa ra t ion  reg ion  extended only 2 ~ 
on both s ides  of the wake cen t e r  l ine .  

The na tu re  of the flow of a l iquid over  la rge  de-  
formed gas bubbles  (v > 0. 004 em s) is not known at 
p r e s e n t .  It has been suggested by Levich that the flow 
wil l  not be v e r y  d i f fe rent  in  na tu re  f rom that of a l iq-  
uid over  gas bubbles  of modera te  s ize .  The object ive  
of the p r e s e n t  paper  is  to e lucidate  the na tu re  of the 
flow over  la rge  deformed bubb les .  

It is  known that bubbles ,  when s t ra ined ,  take a 
fo rm c lose  to that of an oblate e l l ipsoid  of revolut ion,  
the ra t io  (a/b) of the s e m i - a x e s  of which does not ex-  

ceed 2 .5 .  
If the flow over  l a rge  deformed bubbles  does not 

differ  f rom that over  bubbles  of modera t e  s ize,  then 
expe r imen ta l  date on absorp t ion  of a gas mus t  be de-  
sc r ibed  by the known equat ion for the total  diffusion 
flux of gas through the sur face  of a bubble [2] 

J = - -  V ~  ( c ~ - - c ' ) F .  (1)  

The time of contact of an element of the liquid 

which slips along the surface of a deformed bubble 
is approximately 2 b/U. The surface area of a de- 

formed bubble (with a/b = 2.5) is 10% larger than 
that of the sphere of equal size. The time of contact 
for maximum bubble deformation is 50% less than the 
corresponding value for a spherical bubble of equal 

size. 
The use of (I) for reducing experimental data is 

difficult because it is not possible to measure the 

diffusion gas flow through the bubble surface. Simul- 

taneous solution of the equation of gas mass balance 

in the bubble along with (1) allows us to establish a 

relation between the quantities obtained directly from 
experiment. 
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Dependence of bubble volume v, cm 3, on bubble 

path AH, era, for the system N20--H20 (i and a), 

and CO2--H20 (2 and b). 

It is evident that as the bubble moves through the 
liquid, its volume diminishes, the loss of mass of 
gas from the bubble in unit time being equal to the 
diffusion flux through its surface: 

d/71 _-J. (2) 
-dT 

During absorption of a pure gas, its concentration 
in the bubble is constant with time, not allowing for 

variation in hydrostatic pressure of the liquid. Inte- 
gration of (2) enables us to obtain a relation between 

bubble volume and the path traveled by the bubble. 
Solving (I) and (2) simultaneously, replacing F and 
At in the former by corresponding values for the 
equivalent sphere, and taking into account also that 

t m = cv and Cs/C = F, we obtain the approximate re- 

lation 

A V w -  = F(1 - -  c ' / c ~ ) V 6 ~ ' a ~  , (3)  

which differs from the exact solution by less than 30%. 

It has been shown theoretically and experimentally 

in [I, 3-7] that the rising velocity of individual bub- 
bles with v > 0. 004 em 3 as a result of their deforma- 

tion is practically independent of bubble size and is 

approximately 28 cm/sec. 
Taking into account that U = eonst, we have from 

(3) 

A VV= B A H, (4) 

where  

8 = r ( 1  - c ' /c 's) V6D,,u. 
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We find that  the exp re s s ion  obtained is  mos t  con-  
ven ien t  for expe r imen ta l  checking.  

Thus,  if  the flow of a l iquid over  la rge  deformed 
bubbles  is  unsepara ted ,  the diffusion coeff icient ,  de-  
t e r m i n e d  f rom the dependence of bubble Volume on 
the path t rave led ,  should be of the same  o r d e r  a s  the 
m o l e c u l a r  va lue .  

We studied absorp t ion  of a gas  when bubbled in 
N20--H20 and CO2---H20 sys t ems ,  which allowed the 
expe r imen ta l  method to be s impl i f ied  because  of the 
modera t e  so lubi l i ty  of these  gases .  The t e s t s  were  
conducted in  a hollow glass  column,  with a bubbl ing 
bed 90 cm in height  and 5.3 cm in  i n t e r n a l  d i ame te r ,  
located in a c o n s t a n t - t e m p e r a t u r e  bath.  To allow accu-  
ra te  de t e rmina t ion  of bubble size,  the bath was 
equipped with fiat pa ra l l e l  p lexiglas  wal ls .  Gas unde r  
p r e s s u r e ,  which was held cons tant  with the aid of a 
r egu la to r  and m e a s u r e d  on a m e r c u r y  U- tube  m a n o m e -  
te r ,  was in t roduced into the column through a cap i l l a ry  
tube of d i a m e t e r  0.9 ram. De te rmina t ion  of bubble 
size over  the height of the bubbl ing bed was done pho- 
tographica l ly  in t r a n s m i t t e d  light.  Uni fo rm i l l u m i n a -  
t ion of the co lumn was achieved by means  of a v e r t i -  
ca l ly  located DS-30 daylight  lamp.  There  was a scale  
with m i l l i m e t e r  d iv i s ions  in the bath alongside the co l -  
umn, to  de t e rmine  the scale  of the photographs.  Vol- 
u m e s  of bubbles ,  whose shape was a s sumed  to be ob- 
late e l l ipso ids  of revolut ion,  were  ca lcula ted  f rom the 
s izes  of the two spheroid axes .  Before each expe r i -  
ment ,  Which  las ted not more  than 30 sec, the co lumn 
was fi l led with f resh  d is t i l led  water ;  the gas supply 
ra te  did not exceed 100 cm3 /min .  For  the t e s t s  we 
used medica l  n i t rous  oxide of pur i ty  not l e s s  than 
99.0%, as de t e rmined  by chromatography,  and carbon 
dioxide of food indus t ry  qual i ty  conta in ing not l e s s  
than 98~ 5% of CO 2. The t e s t s  were  conducted at t e m -  
p e r a t u r e s  of 25 ~ C (N20 absorpt ion)  and 24.5 ~ C (CO 2 
absorp t ion) .  

For  each s y s t e m  examined two pa ra l l e l  t e s t s  were  
pe r fo rmed ,  the r e su l t s  of which a re  given in  the f igure 
as a @ - A H  plot.  The points on the f igure co r r e spond  
to the mean  r e su l t s  Of m e a s u r e m e n t s  on 4 -10  bubbles .  
The in i t ia l  read ing  was taken as  an a r b i t r a r y  height  
not co inc id ing  with the outlet  ape r tu r e  of the bubbler ,  
because  of un re l i ab i l i t y  of de t e rmin ing  the vo lume at 
the momen t  of b reakaway of a bubble .  

It may  be seen f rom the graphs  that the e x p e r i m e n -  
ta l  points  fal ! s a t i s f ac to r i ly  on a s t ra ight  l ine whose 
slope (calculated by the method of leas t  squares )  is  
- 1 . 1  �9 10-3cm~/3 and - 1 . 4 4  �9 10 -~ cm ~/3 for  N20 and 
CO2, ' r e spec t ive ly .  

In the condi t ions  of the e x p e r i m e n t  F = 0. 602 cm~/  
/ c m  3 for N20 and F = 0. 826 cm3/cm 3 for CO 2 [8], the 

concen t ra t ion  of d issolved gas at the end of the expe r -  
imen t  did not exceed 0.02 cm3/em 3. 

The diffusion coeff ic ients  for the gases  in wa te r  
that we ca lcula ted  f rom the expe r imen ta l  dependence 
v(H) were  1.61 �9 10 .5 cm2/sec for  N20 and 1.46 �9 10 .5 
cm2/sec for  CO 2. The m o l e c u l a r  diffusion coeff ic ients  
for  the same gases  in water ,  f rom the data of va r ious  
authors ,  p resen ted  in [9], a re  2 .1  �9 10 .5 • 10% cm2/  
/ s e e  for  N20 at 25 ~ C, and 1.84 �9 10 .5 -~ 10% cm2/sec  
for CO 2 at 24 .5  ~ C, i . e . ,  24-21% g r e a t e r  than our  
va lues .  

The a s sumpt ions  made in de r iv ing  (4) cannot  change 
the o r d e r  of magni tude  of the diffusion coeff ic ient .  The 
a g r e e m e n t  between our  expe r imen ta l  diffusion coeff i-  
c ient  va lues  and those in the l i t e r a t u r e  indicate  an un-  
separa ted  ( laminar)  r eg ime  of flow of the l iquid over  
the deformed bubbles  of volume 0. 0 0 4 - 0 . 0 3  cm a. 

It should be noted that in th is  case  t r a n s p o r t  of m a -  
t e r i a l  along the n o r m a l  to the sur face  is  accompl ished  
only by m o l e c u l a r  diffusion.  

NOTATION 

a, b-semimajor and semiminor axes, respectively, of deformed 
bubble; v-bubble volume; m-bubble mass; F-bubble surface area; 
D-molecular diffusion coefficient; U-rate of rise of an individual 
bubble in liquid; At-phase contact period; F-Ostwald absorption co- 
efficient; J-total diffusion flux through bubble surface; r-time; c~- 
gas concentration in liquid at bubble surface; c '-mean concentration 
of gas dissolved in liquid; c-gas concentration in bubble; H--height 
of bubbler bed. 
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