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Three-dimensional simulation of a shock induced bubble collapse
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The investigation of the pressure developed by a collapsing cavitation bubble is of primary interest for
hydraulic turbomachineries, fuel injectors, naval propulsion systems and biomedical technologies. One
of the most critical consequences is the shock wave emitted by bubbles collapse and the structural
damage resulting when this process takes place close to solid walls. This paper presents a numerical
study of the interaction between a planar incident shock wave with a gas bubble. Simulations are
performed using an inviscid compressible one-fluid solver composed by three conservation laws for
mixture variables, namely mass, momentum and total energy along with a supplementary transport
equation for the volume fraction of the gas phase [1-2]. Three-dimensional simulations are compared
with the 2D reference case similar to the one presented in [3]. The mesh is composed by
1600x800x800 nodes. The time integration is done using a 3-step Rung-Kutta method and the
numerical fluxes are computed with a second-order HLL.C scheme.

The main features of the interaction is described (figure 1, right). Evolution of the maximum pressure
during the collapse is compared between 2D and 3D simulations (figure 1, left). It shows the large
discrepancy between the cylindrical and the spherical collapse. The case near a rigid wall is also
studied. We consider the case for which the distance between the bubble center and the wall is 1.66
radius. The pressure evolution on the wall is investigated and comparisons between 2D and 3D
simulations are proposed.
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Fig 1: Maximum pressure evolution (left) and instantaneaous 3D pressure field (right).
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