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INTRODUCTION

The effects of noncondensible gas diffusion on the
growth of a cloud of bubbles was investigated utilizing
a multibubble system model based on a singular
perturbation theory. The theory and model have been
previously developed and utilized to study the growth
and collapse of bubble clouds in the absence of heat
transfer or gas diffusion 1,2. The effects of heat
transfer in a super-heated liquid 3,4 were later
included. The matched asymptotic expansion method
employed and the bubble dynamics equations which allow
non-spherical deformations are described in these
references and in reference 5. In this paper, we
outline an extension of this model to include the
exchange of noncondensible gas between the bubble and
the liquid and present some predicted results.

EQUATIONS GOVERNING MASS DIFFUSION

We consider a cloud of bubbles in an unbounded
medium of uniform pressure, P,, and concentration of
dissolved gas, C,. The liquid is assumed to be
inviscid and incompressible and the flow irrotational.
The bubble cloud behavior is sought when the ambient
pressure, P,(t), is time dependent. 1In order to ‘
determine the flow field and to obtain the motion and
deformation of any bubble in the cloud, othe must solve
the Laplace equation for the velocity potential
subjected to kinematic and dynamic conditions on the
bubble surfaces. The solution depends on the pressure
inside the bubble which is composed of Pg and Py,
the partial pressures of the noncondensible gas and the
liquid vapor inside the bubble. The amount of gas
inside the bubble depends on the flux of gas between
the liquid and the bubble. The value of P
constitutes the coupling between the dynamzc and gas
diffusion problems.

The concentration of gas in the liquid is given by
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where D, is the molar diffusivity of the gas in the
liquid, and ¢ is the liquid velocity potential. The
molar rate of transport of gas across the interface,
Ny, i3 related to the gas concentration gradient in
the liquid at a bubble wall by
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Time integration of (3) determines at every instant the
total number of moles of gas, ng, in the bubble.

Due to the relatively short vaporization time
compared to bubble dynamics and gas diffusion
characteristic times, the vapor is considered to
instantaneously flow in and out of the bubble, and Py
is taken equal to the equilibrium vapor pressure of the
liquid at the bubble wall temperature. The gas and
vapor within the bubble are considered to comprise an
ideal gas mixture obeying the equation of state

(P_+P) V = (n_+n) R T ’ (4)
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where Vp, is the volume of bubble, ng and n, are
the number of moles of gas and vapor within the bubble,
Ry is the Universal gas constant, and Tq is the
absolute temperature of the mixture within the bubble.

A first law energy balance is applied to the bubble to
evaluate Tg:
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where dU is the change in internal energy, dWw is the
boundary work due to volume change, n; is the net

molar rate of mass transfer of component i, and hj is
the specific enthalpy of component i. We have
neglected changes in bubble kinetic and potential
energies and heat exchange between gas and liquid. The
quantities n, and ng change as the bubble volume
changes. Vapor condenses or liquid vaporizes at the
bubble wall, and gas diffuses across it. This form of






