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Analysis of Bubble Dynamics during Cavitation Inception in Viscous Liquids
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Abstract Based on the Rayleigh-Plesset (R-P) equation, the balance stability, development history, and
cavitation intensity (represented by the maximum expansion speed) of bubbles in viscous liquids are analyzed.
Stability analysis indicates that incondensable gas is indispensable during cavitation inception, and its polytrophic
index falls within the range (0, 1), indicating that cavitation inception is governed by both the mass diffusion of
incondensable gas and heat transfer between the liquid and the bubble. Particularly, at the initial stage of cavitation
inception, the thermodynamic process closely resembles an isobaric process. By calculations of the intense
developments of cavitation bubbles, it can be inferred that the effect of surface tension is weak during the stage of
cavitation inception but it becomes evident in the middle and late stages of the development. Additionally, the
maximum expansion and collapse speeds near a local minimum bubble size are formulated, and their difference is
found to depend on the effect of liquid viscosity.
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Fig. 1 Oscillation of bubble size and corresponding
phase trajectory
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Fig. 2 Features of phase trajectories of cavitation bubbles for different thermodynamic processes
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