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The problem of energy concentration in a small volume of medium is the fundamental problem of physics and hydrodynamics. The process of microbubble collapse in a liquid may be regarded as the most remarkable exhibition of cumulative effect in nature. It is known that under appropriate external conditions the matter inside the bubble can undergo huge compressions according with extreme increasing in pressure and temperature and leading sometimes to ionisation and light production of the gas. Despite the fact that many experimental and theoretical works had been devoted to investigation of bubble dynamics the principal point of science today is the determination of limit of maximum energy cumulation in the bubble.

The investigation of dynamical processes in collapsing bubbles has been carried out for many years and originated from the classical works of Besant and Lord Rayleigh1-2. The first experiments with production of spherical cavitation bubbles under the influence of laser impulse was done in early 60th of last century. The focusing of concentrated laser beam in water produces vapour cavity, which expands and then collapses with single light flash emission3. The great increase in scientific interest in single bubble collapse problem was induced about ten years ago by observation the phenomenon of stable single bubble sonoluminescence (SBSL)4, periodical light emission from the bubble under the influence of external acoustic field. As was shown later stable sonoluminescence exists in a very narrow window of experimental parameters, light intensity increases with liquid temperature decreasing and very sensitive to the small additions of noble gas.

Small bubble size (the minimum bubble radius is about 1m) and very short collapse time (the duration of light flash does not exceed few nanoseconds) considerably limit the possibility of experimental research. In particular, one cannot measure maximum gas pressure and temperature and detect the evolution of shock waves inside the bubble. In such case the theoretical methods become important.

At present the single view on how to model the collapsing bubble dynamics has been developed. It based on the principle of continuum medium and realised upon numerical solution of mass, momentum and energy conservation laws in the form of partial differential equations. The main simplification used to model the problem is the assumption of the spherically-symmetric type of gas and liquid motion: all the medium parameters depend on radial co-ordinate only and on time. This position essentially simplifies the problem and seems to be quite correct, because bubble surface in sonoluminescence and laser breakdown experiments does not deflect considerably from sphere.

In the present work the numerical modelling of neutron produced vapour bubble collapse in the liquid under the force of strong acoustic field is carried out. In experiments neutron exposure of liquid in flask induces cavitation bubbles, which grow and collapse under the influence of periodical pressure produced in liquid. When the external pressure amplitude is sufficiently large (distilled water with small amounts of uranium nitrates and deuterated acetone, which used in experiments, can suffer stretch tensions of about few tens atmospheres), neutron emission is detected, which correlates with collapse of the bubble (in average one neutron emitted per one bubble collapse). This means that the final bubble compression associates with very high temperatures 106–109K, which can be obtained only in strong shock wave converging to the bubble centre.

To model the phenomenon in the case of single bubble the spherically-symmetric mathematical model is used accounting for vapour and liquid compressibility, heat and mass transfer effects5-7. The entire time period is divided into two intervals: “slow”, or low Mach number, stage, where the homobaric assumption for gas and incompressible liquid model are employed, and “fast” stage, where differential form of conservation laws is integrated for gas and liquid simultaneously. The second stage corresponding to bubble collapse and neutron production is modelled on the base on the analytical equation of state presented in Mie-Gruneisen form.

According to numerical simulation of the problem it has been obtained that intensity of collapse, i.e. minimum bubble radius, maximum values of pressure and temperature in the centre, number of emitted neutrons, strongly depends on the external experimental conditions (acoustic amplitude, temperature of surrounded liquid) and also on the model parameters (accommodation coefficient in Hertz-Knudsen-Langmuir formula, which describe evaporation and condensation processes at the bubble wall). It was shown that the origin of high temperature fields inside the bubble is the converging shock wave, and production of neutrons takes place in thin layer near the bubble centre.

The problem of experimental production of single spherical collapsing bubble is very complex and in practice bubbles collapse in cluster. To investigate the dynamics of such system the spherical cluster with vapour bubbles inside under the periodical acoustic field has been considered. The mathematical model used to describe the problem is based upon equations of dynamics of bubble media8. The following model assumptions were applied: bubble size is much less than the distance between bubbles and the length of acoustic wave, bubbles have equal sizes and bubble’s motion proposed to be spherically-symmetric in incompressible liquid.

On the base on the mathematical model the process of acoustic wave transformation, which moves toward cluster centre, was investigated numerically. It was shown that propagating wave makes bubbles to provide oscillations in such a way, that the closer bubbles dispose to the cluster centre, the larger oscillating amplitude they have. The detailed parametric investigation was carried out with different acoustic wave amplitudes and initial bubble sizes.
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