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INTRODUCTION

The effects of noncondenslble gas dlf fusion on the
growCh of a cloud of bubbles was lnveetlgated ut l l iz ing
a u,rltibubble systen rcdel based on a singtrlar
perturbation theory. The theory and model have been
prevlously developed and utllized to study the growth

and col lapse of bubble clouds in the abgence of heat
t rans fer  o r  gas  4 i f fus ion  l r2 .  T t re  e f fec ts  o f  heat

t rans fer  in  a  super -heated  l igu id  3 r4  were  la te r
included. the natched asymptotlc expanslon uethod
enployed and the. bubble dyna.uics equations which allow
non-spherical defornations are described in these
re ferences  and in  re fe rence 5 .  In  th is  paper ,  t Je

outl ine an extension of tshis model to include the
exchange of noncondensible gas between the bubble and

the l iquid and present sone predicted results.

EQUATIONS @VERNING MASS DIFFUSION

we conslder a cloud of bubbles in an unbounded
medium of uniforn pressure, P-, and concentrat lon of
dlssolved gfae, C-. The l lquid is assuoed to be
invlscld and incompressible and the f low lrrotat lonal.
The bubbLe cloud behavi.or is sought when the :mhlsn!

pressure ,  P- ( t ) ,  i s  t lme dependent .  In  o rder  to
detemine the flow field and to obtain the rctlon and
defornation of any bubble ln the cloud, otre Eust solve
the taplace eguatlon for the veloclty potential

subject,ed to klnematic and dyna-olc condLtions on the
bubble surfaces. Ttre solut ion depends on the pressure

inside the bubble which is cooposed of Pn and Po,,

the part ial  pressureg of the noncondensible gas and the
liquid vapor lnside the bubble. lhe a.nount of gae

inside the blbble depends on the flu< of gae between
the l iquid and the bubble. Ttre value of Po
consti tutes the coupling between Ehe dynem{c and gas

d i f fus lon  prob lens .

The concentration of gas

i t v q o f l e = p  o
g

in the l iquid 1s given by

where D9 is the roolar diffusivity of the gas in the
liquid, and f is the liquid veloclty potential. Tbe
molar rate of transport of gas across the interface,
io, ls related co the gas concentration grradient in

Y '
the liquid at a brbble uaII by

;  -  D  l f  
E  

d s  ( 3 )
s  s  ' ;  

D n

Tirne integrrat,ion of (3) detemines at every instant the
total number of rcles of gas, trg, in the bubble.

Due to the relatively short vaporization tiure
compared to bubble dlmamics and gas diffuslon
characteristlc times, the vapor is considered to
inatantaneously flor in and out of the bubble, and Pu,
ls taken equal to the equllibrinq vapor pressure of the
llquid at the bubble wall teuperature. The gas and
vapor withl.n the bnrbble are considered to comprise an
ldeaL gaa nixture obeying the equation of state

( P  + P )  V .  =  ( n  + n )  R  T  ,  ( 4 )
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where Vg is the nohuoe of bubble, n, and nv are
the nunber of noles of gas and vapor within the bubble'
R.., is the UnLversal gas constant, and Tn ls the
absolute temperature of the nlxture rrithin the bubble.

A f irst law energy

evaluate Tg:

d U  =

balance is applied to Ehe bubble to

d w +  I  ; .  h .  d r  ,
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where dU is t tre change in int,ernal energy, d. l  is the

boundary work due to rrolurne change, n1 is the net

oolar rate of Eass transfer of component i ,  and hi is

the specif ic enthalpy of component i .  We have

neglected changes in bubble kinetic and potencial

energles and heat exchange between gas and Liquid. The

quantities nv and nn change as the bubble volu.ne

changes. Vapor condenses or l iquid vaporizes at, the

bubb le  wa l l ,  and gas  d i f fuses  across  ic .  Th is  fo rn  o f
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