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ABSTRACT

First, we study the motion, the velocity, the phases plane and the acoustic sources associated to a
spherical bubble in a compressible or incompressible medium. The bubble can be excited by
periodic or random excitements. We study the parameters which influence their behaviour:
periodicity or not of motion, implosion and explosion or oscillation of bubble. We take into
account this behaviour in a model of cavitation: it is a numerical simulation using population of
bubbles which are with positions (in the cavitation volume) and sizes are random. These bubbles
are excited by a random excitement: a model of turbulent flow or implosion and explosion of
bubble.

1 GENERAL MOTION'S EQUATIONS

Consider a spherical bubble with initial radius Ro, in a incompressible fluid. The radius time
evolution is described by Rayleigh-Plesset equation ( For more details, see references [1] to [4] ):
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where : Po is the pressure near the bubble (when the radius is Ro), o is the superficial tension
(o=7E02N/m), y is the polytropical coefficient, u is the viscosity coefficient, p is the fluid density
and Pq is the pressure in a far area. By considering the compressibility of the fluid, according to
HERRING, equation (1) becomes approximately :

SRR B 43 (1. 4R \Rg2-1 Ry _.RyOPL] 4 R )
(12ORR+2-.(1-2 SR ; ([PL+C(1 AT ] 4us-Poll ()

where Py, is the pressure surrounding the bubble : P = [P0+ 2%] [—RRO—FY - 2%

2 PERIODIC EXCITEMENT OF A BUBBLE - PARAMETRIC STUDY

The numerical resolution of the equation (1) and (2) may be obtained by using the second order
RUNGE-KUTTA method. In the parametric study, the pressure P,, would take the next form :

P,=Py, - Psinwt; where w = 2xuf, Py, is the average pressure and Py is the fluctuating part.
2.1 Natural pulsation of a spherical bubble

If we neglected the viscosity and non linear terms of the equation (1), the first natural pulsation wg
is given by the following approximately relation : ( see e.g. reference [5] ) :
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Figure (1) describes the evolution of natural frequency fo as a function of Ry for a pressure
P,,=10° Pa. Figure (2) shows the effect of the average pressure Py, on the natural f requency fo,
for a radius Rg = 102 m . In fact, as the pressure decreases (case of the cavitation). the natural
frequency fo_decreases to low frequencies.
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Conclusion 1 :

In general, papers announced that the cavitation is a high frequency phenomena. But the
results here presented prove the contrary : when the average pressure is little (it is the case of the
cavitation flow ), the first natural frequency is low (<1000Hz).

2.2 Bubble behaviour

A parametric study is done in order to control all conditions which favour the implosion and the
explosion of bubbles. Four cases are investigated in order to study simultaneous effects of

pressure and frequency :

Case 1 : low pressure and high frequency excitement.
Case 2 : low pressure and low frequency excitement.

Case 3 : high pressure and high frequency excitement.
Case 4 : high pressure and low frequency excitement.
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where Pv is the vaporisation pressure ( for water at 20 °C, Pv = 2340 Pa ). Figure (3) describes
the ratio (R/Rgp) time evolution corresponding to the four cases.
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Figure 3 : Evolution of R/Ro as a function of times

Conclusion 2 :

- at low pressure, Pm=Pv, the bubble oscillates and the magnitude of motion increases
when the frequency excitement decreases. The bubble can implode if the frequency of

excitement is bass.

- at high pressure, Pm=400Pv, the bubble does not necessarly implose. It oscillates if the
Jrequency excitement is high and implodes when it is low.

2.3 diagram of bubble behaviour

By modifying all parameters, we can find a map describing implosion, explosion and oscillation
areas. This map is important to understand the cavitation phenomena : the noise and erosion
associated to the cavitation are caused by implosion and explosion of bubbles. The behaviour of
bubble is discribed by the diagram plotted in figure 4.
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Figure 4 : Diagram of bubble behaviour

2.4 Phases plane

The phases plane is a representation of the rate evolution in terms of radius. Three categories of

motion are distinguished (see fugure 5):
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- a periodic motion (P): the trajectory in phase
plane (rate, radius) is a closed curve;
- a_narrow band "aperiodic" motion

(N.B.AP): the trajectory is represented by a
set of curves neighbouring to an average
stable curve;

- a chaotic motion (C) : the motion is not a
regular curve. The chaotic behaviour is
characterised by the random aspect of
response. Although, all the parameters
intervening in the system are not random. A
such response is completely different with a
random response dues to a random
excitement.
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Figure 5 : phases plane

When analysing the evolution of (R=dR/dt) in terms of R (phase plane), one can note that the
bubble behaviour may be periodic, aperiodic or chaotic.

2.5 Acoust_ic source associated to the bubble motion

A fluctuat debit Q, which is assumed to a
puntual source, is associated to the bubbles
motion (see reference [5]). In the propagation
egs, the punctual source is equivalent to a
nonhomogeneous limit boundary condition.
This type of excitement is a monopolar
source. The Fourrier transformation of the
pressure field generated by a monopolar
pulsate is written:
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where Q(w) is the Fourrier transformation of mass debit. Generally, the source is described by its
power spectral density . Figure 6.describes the power spectral density (P.S.D) at a distance equal

to (2 Rg) from the bubble. (Ro=1E-02 m,Pm=1EQ5 Pa, Pf=0.33E05 Pa,f=83.4 Khz)

Conclusion 4

This results show :

- the power is concentrated surrounding the first frequency;

- at low frequency, the acoustic power is not neglectible;

- in cavitation, the average pressure is too low, the first frequency of bubble
decreases, then the P.S.D becomes important at low frequency .
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3 RANDOM EXCITEMENT WITH UNIFORM DISTRIBUTION

In a cavitation case created in turbulent flow, bubbles are located in a zone where the fluctuate
pressure and velocity are random. The turbulence can be modelled by random excitement. When
bubbles implode or explode, the pressure increases greatly and can causes excitement of the
neiyhbouring bubbles. This phenomena is modelled by a fluctuate pressure with shocks (brutal
increase of pressure).

The simple random excitement is a white noise with uniform distribution. It takes the following
form: P = Pm +2(alea-0.5)Pf; where alea is a number between O and 1.

Let Pfc the fluctuate pressure associated to implosion and Pc the shocks probability : the relative
number of shocks in the signal associated to the pressure. Consider the following form of
excitement :

If aleal > Pc then P=Pm-+2(alea-0;5)Pf; where aleal is a random number.

If aleal < Pc then P=Pm-+2(alea-0.5)Pfc.

Figure 7.a describes the evolution of excitement in the case : Pc = 0.2; figure 7.b corresponding to:
Pc=0.8 (Pf=1E3 Pa, Pfc=1E4 Pa). A compareson between the two cases (Pc=0.2 and Pc=0.8) is
given in figure 8.
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4. POPULATION OF BUBBLE : MODEL OF CAVITATION

The cavitation is simulated by a bubbles population. The latter has a random distribution in space.
The radius of bubbles rangs between a minimum and a maximum random values.
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The turbulent flow is modelled by a random <18-3
excitement, besides and implosion and 18 = T e x—
N L3 L s x
explosion are modelled by a random . = *
excitement with shock: violent increase of It e p ® 1
pressure. (this phenomena has been verified o g™ ™ o g my
experimentally). The number of shocks are 2 D oex m Fp ¥
defined by a number called shock probability. L L a .
Then, the acoustic sources associated to a = . )
bubbles population are analysed. Figure 9 6 o FoxoTE T .
shows a random distribution of radius bubbles e ® . % x
and figure 10 shows a random distribution in S - p - - A
space. Figure 11 shows the acoustic source. 8
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5. CONCLUSION

In previous studies, it was usually annonced that the cavitation is a phenoma happens at high
Jrequencies and the implosion of the bubbles takes part in the areas with high pressure. The
results here presented show that :

- at low pressure, the first frequency is low and bubble simplode too at low frequency.

-the results calculations of the Power Spectral density (associated to a bubbles oscillations in
a turbulent medium) show that the energy is concentrated a round the first resonance
Jrequency, but its is not neglectable at low frequencies,.

-in order to validate this model, an extension shoud be made to the case of a bigger number
of bubbles.
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