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Numerical Study on the Fluid-Structure Interaction of Wave Energy Power
Direct Driven by Bottom-Hinged Flap

YAO Tao'”’, WANG Zhi-hua’, ZHANG Xu-dong’, WANG Yu-long'?
1. School of Mechanical Engineering, Hebei University of Technology, Tianjin 300130, China;
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300401, China;
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Abstract: In order to improve the efficiency of the wave-energy generation device of the bottom-hinged flap, a
wave-energy generation device is designed based on the rocker-slider-spring model, in which the electromagnetic
linear power generation is directly driven by the bottom-hinged flap. One end of the linear power generation
module is connected to a spring, which forms a compound vibration with the bottom-hinged flap. By establishing
the physical model of the wave-energy generation device, the wave excitation moment, additional inertia moment
and radiation damping of the bottom-hinged flap are obtained based on the potential flow theory in frequency
domain, and the kinematic characteristics of the bottom-hinged flap and the linear power generation module in the
wave-energy device are analyzed. The kinematical and dynamic numerical simulation of wave-energy device is
carried out by using the ADINA fluid-structure interaction analysis module. The regular wave parameters under
specific sea conditions are set to calculate the fluid-structure interaction interface force between bottom-hinged flap
and wave. In order to further analyze the influence of the spring connected to the linear power generation module
on the power generation efficiency of the wave-energy device, three different connecting spring parameters are
set respectively, with no spring set, with the spring stiffness coefficient of 100 N/m and with the spring stiffness
coefficient of 800 N/m, and the influence of the spring parameters on the kinematic response of the linear power
generation module is also analyzed. The results show that the application of spring can effectively improve the
conversion efficiency of the wave-energy of the bottom-hinged flap; when the stiffness coefficient of the applied
spring and the natural frequency of the structure formed by the linear power generation module are close to the
wave motion frequency, the system resonance is formed. Meanwhile, the kinematic response is optimal. It is
proved that the optimal design and improvement of the wave-energy generation device of the bottom-hinged flap
can be realized.

Key words: wave-energy generation; bottom-hinged flap; fluid-structure interaction; numerical simulation;
vibration





