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OBJECTIVES

It is commonly admitted that the use of multifrequency acoustic excitations, and particularly a dual-frequency signal, can stimulate the cavitation activity resulting in a decrease of the inertial cavitation threshold for instance. However, past works were usually dedicated to the experimental characterization of the influence of bifrequency excitations on the cavitation cloud activity, and only few researches focused on the nonlinear dynamics of a single bubble in a dual-frequency acoustic field. In this study we describe analytically the aperiodic oscillations of a single dual-frequency driven bubble by assuming weakly nonlinear oscillations. These results are compared to experimental studies on a single laser-nucleated bubble driven by bifrequency excitations with varying difference frequency.

METHODS

The analytical study relies on the asymptotic expansion of the Rayleigh-Plesset equation in weakly nonlinear oscillations using the Bogolyubov-Krylov method. Approximate analytical solutions are obtained for bubbles excited by a dual-frequency signal for which both highfrequency components are close to the primary resonance frequency of the bubble. For studying experimentally the bubble radial oscillations, a laser-nucleated bubble is generated and trapped in a bifrequency acoustic pressure field centred at 33kHz, within a cubic water cavity. For typical bubble radii ranging between 50 and 85µm, radial oscillations are visualized with a high-speed camera (frame rate 180 kpps), allowing to probe the temporal evolution of the bubble radius as well as the maximal reached bubble radius.

RESULTS

Theoretical results reveal that the maximal reached bubble radius can be higher for bifrequency excitation than for monofrequency excitation. The possible enhancement of the bubble radial dynamics is due to the multiple energy transfer and pumping from each frequency component of the dual-frequency signal to other spectral components that are favourably energetic. Results also highlight the existency of a specific difference frequency value above which the bifrequency excitation is no longer efficient. Linear and weakly nonlinear bubble radius evolutions are thus studied experimentally in the aim of demonstrating such enhancement. While linear radial oscillations of a bubble in a dualfrequency excitation well reveal the beating phenomenon, increasing the excitation amplitude leads to the regime of nonlinear oscillations where non-spherical radial oscillations are rapidly observed. The breathing of such non-spherical oscillations triggered on the difference frequency component is discussed. 
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CONCLUSIONS

The oscillations of a spherical bubble driven by a dual-frequency excitation have been analysed both analytically and experimentally. An asymptotic expansion of the bubble radial dynamics revealed that the dual-frequency excitation may lead to larger amplitudes of the bubble oscillations for sufficiently high driving amplitudes and for specific values of the frequency difference. This enhancement is related to the generation of high-order frequency harmonics by nonlinear mixing. These results allow describing the mechanisms underlying frequency energy transfer in multi-frequency excitations.
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