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ABSTRACT

The distribution of velocities inside
a spherical gas bubble suffering radial
oscillations is studied. The profiles of velo-
cities' and gas temperatures in the bubble are
calculated and the curve is presented which
characterizes the bubble radius variations
with time in the case of radial oscillations
of the bubble correspondinz to its behaviour
directly behind the front of a strong shock
wave. it is shown that the velocity profile
ot gas particles in a pulsating bubble may
differ noticeably from the linear depencence
corresponding to uniform distribution of
density in the bubble.

INTRODUCTION

The difficulties when finding velocity profile inside

a pulsating bubble, authors of some works treated the dyna-
mics of bubbles in liquids having presenting the distribu-

tion of velocities in such bubble as a linear function [3].
V (r,t) =a (—;—-) , (1)
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or of the quadratic dependence [2]

V (r,t) =& () (2)
where a is the bubble radius; r is the radial coordinate

- measured from the bubble center; V is velocity.

The exact dynamic expression of gas velocity profile
in a bubble may be obtained in terms of the admission of
uniform pressure in the bubble which is valid it the bubble
surface velocity is much below sonic velocity in gas [5].
The set of equations describing the heat exchanfe and the

dynamics of a spherical gas bubble with liquid can be

written as

d P
dr  -* 9 , T '8 (3)
gng it = ' r (Mr _Y ) + dt
' e ds ‘.II'g ‘3
: e | {2 _ |
05 -—g—dt +05 g T _}r (r" V) =0 (4)
p = §$ BT (5)
8 g
.. 3 °° 6 | -1
a a + 5‘ =(P8-P~_2§)Sf . (6)

Here,?, P,T are respectively density, pressure, temperature;

Cp is the heat capacity of gas at a constant pressure; X
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is thermal conductivity of gas; B is gas constant ;0”7 is
surface tension of liquid. The subscripts g,l, o0 relate
to the parameters of gas, liquid, and far from the bubble,

respectively,

The boundary condition, which have to be prescribed

for the equation of gas heat influx (3), may be presented

as
o T
=O: — —
r N 0 V=20 (7)
r=a: T-= T0 = Const , V = a4 (8)

If the gas continuity equation (4) is integrated from O
to a using the equations of heat influx (3) and of state
(5) and employving the admission of uniform pressure in
the bubble, we shall obtain the integral of the heat

influx equation

dp 3 AP .
2 3£6;1) BT, T e 3
dt - a ( 9‘ AT )a a (9)

where B{is the adiabatic index of gas.

The integration of the continuity equation from
O to r makes it possible to find the profile of particle

velocities in bubble (3) which takes the following simple
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form in the absence of phase transitions :

_ P '
v==Xa 4 EP; [(l\%—% LT (A=) 1 (0)

The set (3) - (10) was solved numerically by the

finitedifference method for dividing the system into
r

spherical layers with introduction of the variable 11 =7

which freezes the mobile boundary of the bubble.

Consideration was given to the problem of radial
pulsations of a bubble in a liquid due to an instantaneous

(at t=0) rise of pressure in the liquid far from the bubble

from PO to Rx:

behaviour of gas bubbles in the beginning of the bubble

, which corresponds, in particular, to the

screen as a shock wave penetrates the latter [5].

I'ig.l presents the curve illustrating the temporal

behaviour of bubble radius for a = 0.01 mm, PO = 0.1 MPa,

2
Poo = 0.2 MPa , r =1tD /aj ; ‘Dg—/)\/fécp

It is seen that the radial oscillations of gas bubble
attenuate markedly due to heat dissipation. The comparison
with [5] where a = 0.1 mm has shown that a decrease of

'
the inial size of the bubble enhances the attenuation

substantialy because of the resultant increase of the

specific interphase surface falling at unit gas mass.

Fig. 2 presents the temperature profiles corres-

ponding to the version displayed in Fig. 1 for the gas
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inside an oscillating bubble at different moments. Curves

1 and 5 are for two successive moments of the maximum bubble
compression which are indicated in Fig. 1 with points A and
B. If new time made dimensionless with respect to the bubble
oscillation period is introduced in the time interval between
the points A and B, then the points A and B (or curves

' ' 4
] and 5) will correspond to the moments t = 0 and 1. Curves

2—-4 are for the moments t’ =1/4, 5/12. and 7/12.

The comparison of the curves in Fig. 2 with the
respective curves for the larger bubble %} = 0.1 mm
presented in [5] has shown that a decrease of the initial
size of the bubble gives rise to a strong flattening of
the curves characterizing the local temperature distribution

in a gas bubble.

~ig. 3 shows the curves corresponding to Fig. 2 and
i1llustrates the distribution or gas particle velocities
in a radially-oscillating gas bubble at different moments
of time. The notations for the curves is the same as in
Yig. 2 with the dimensionless velocity being W = V/7 a.
The linear distribution of velocity [3] corresponds to

W = 1 (the dashed curve), and the parabolic profile (2)

I

recommended in [1] to the dash-dotted stracght line. From
.1g. 3 1t is seen that the gas particle velocity profile

in a pulsating bubble differs noticeably from both linear
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and quadratic dependences.

The difference of the velocity profile from linear

dependence in the particular version discussed above reaches

40%.

In case of small bubbles (R < 1 mcm), the temperature
dependence is in practice uniform because their oscilla-
tions follows the isothermic mode. In this case the velocity

distribution in the bubble is nearly linear.

CONCLUSIONS

The velocity distribution inside a spherical gas bubble
suffering radial oscillations has been studied quantitatively.
It has been shown that the gas particle velocity distribu-
tion in an oscillating bubble may prove to be very different
from the linear dependence corresponding to the model of
homogeneous bubble. In case of very small bubbles (R.§ 4 mcm)
the velocity distribution in an oscillating bubble is in
practice linear. The quadratic dependence proposed in [1]
for the gas particle velocity profile in a radially-oscilla-

ting bubble is not more accurate compared with the linear

approximation.
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