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OBJECTIVES

The acousto-fluidics of a unique couple of interacting gas bubbles is experimentally investigated as an elementary substructure of a bubble cloud. The influence of the inter-bubble distance on the bubble oscillations, the secondary radiation force they are submitted to and the surrounding flow they induce, is quantified.

METHODS

The main drawback in the investigation of bubble pair interaction is to maintain their spatial stability. To overcome this problem, a dual-frequency levitating chamber is proposed in order to trap two micrometric bubbles (~100µm radii) at two successive nodes of a high frequency (1 MHz) field with a separation distance of 750µm [START_REF] Regnault | Secondary radiation force between two closely spaced acoustic bubbles[END_REF]. Due to the large contrast between the bubble size and the bubble resonant radius corresponding to the trapping acoustic frequency, they do not experience oscillations. Therefore, a low frequency field (30kHz) is then superimposed to the trapping frequency in order to trigger oscillations of the bubble walls. The experimental setup allows capturing both the bubble time-resolved oscillations and the microstreaming they produced using a PIV (Particle Imaging Velocimetry) technique.

RESULTS

For moderate driving pressure amplitudes, the two bubbles oscillate spherically in a coupled way with the inter-bubble distance. Depending on the bubble sizes in comparison to the resonant radius, constructive or destructive behavior of their oscillation amplitudes occur. When the two bubbles are smaller or greater than the resonant radius of the low-frequency field, they are attracted due to the presence of the secondary radiation force. The proposed setup allows the measurement of this force between two bubbles oscillating at an equilibrium inter-bubble distance and its comparison to a commonly-used modelling of the attracting force (the Crum's model [START_REF] Crum | Bjerknes forces on bubbles in a stationary sound field[END_REF]). For sufficiently high driving pressures, the Crum's model is no longer available as bubbles may exhibit nonspherical oscillations: the flow they induce in the vicinity of the bubbles pair modify the balance of applied forces the attraction law between the two bubbles. In the range of investigated inter-bubble distances (around three times the mean bubble radius), no acoustic coupling is observed between nonspherically oscillating microbubbles. However, at the fluid timescale, the expansion of the microstreaming pattern induced by a single bubble can be large enough to interact with the one produced by the second bubble (see Figure 1). Finally, we describe the case of two interacting bubbles whose radii are larger than the resonant radius. When increasing the driving pressure amplitude, they approach slowly until they jump to a quasi-contacting equilibrium state where the two bubbles are separated by a distance of only a few micrometers (see Figure 2). This effect is the consequence of the sign reversal of the secondary radiation force, responsible of a new inter-bubble equilibrium distance when nonlinear effects are considered for sufficiently small separation distance. 

CONCLUSIONS

Acoustic and fluid couplings between two interacting acoustic bubbles are evidenced at the acoustic and fluid timescale using a dual-frequency levitation chamber. The sign reversal of the secondary radiation force leads to a quasi-contacting state where bubbles could further exhibit intense interactions. We believe that capturing bubble pair interactions may lead to a better understanding of the multi-bubble physics that occur in dense bubble clouds.

FIGURE 1 :

 1 FIGURE 1: Microstreaming pattern produced by two non-spherically oscillating bubbles.

FIGURE 2 :

 2 FIGURE 2:A sequence of bubble attraction due to the increase of driving pressure amplitude. Above a certain threshold, the bubble pair suddenly jump until a quasi-contacting equilibrium separation distance.
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