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Dynamic modeling and vibration evolution mechanism of the gas-liquid
coupled vortex flow
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Abstract: To meet the increasing electricity demand, hydropower energy conversion stability is essential in the
operation process of tidal power plants. A low-head hydropower station can easily produce gas-liquid coupling
vortex flow (GCVF) and form irregular shock wave vibrations, seriously damaging turbine performance and
input flow stability. Identifying the critical penetration state is crucial to improving the hydropower conversion
efficiency and equipment lifetime. However, the detection of GCVF shock vibration characteristics still faces
significant challenges due to the gas-liquid coupled transport and the nonlinear excitation of fluid. To solve the
above problems, this paper proposes a fluid-structure coupling modeling and solution method, based on the level
set and Fliigge shell theory, to reveal the GCVF shock vibration evolution mechanism under the critical
penetration state. Based on the level set method and Fliigge bidirectional fluid-structure coupling principle, the
GCVF shock vibration dynamic model is set up. Dynamic mesh technology is utilized to optimize the
fluid-structure coupling solution process, based on which the transport law and vibration evolution mechanism of
the GCVF critical penetration process are obtained. Research results demonstrate that the proposed model and
method can well reveal the GCVF evolution regularities in the critical penetration state, and the GCVF shock
vibration is capable of showing the energy peak and complex nonlinear pulse characteristics.

Key word: gas-liquid coupling vortex flow (GCVF); fluid-structure coupling; vibration characteristic; critical
penetrating state; hydropower energy conversion
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