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A new approach for solitary wave generation through water entry of
a circular cylinder and its numerical validation

HE Ming', GAO Xi-feng', XU Wan-hai', REN Bing’

(1. State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin, 300350.

Email: xuwanhai@tju.edu.cn

2. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian, 116024)

Abstract: Plunger-type wavemakers are installed in some wave basins to increase wave-making
efficiency and weaken re-reflect waves. However, it is still unclear how to generate a stable and
controllable solitary wave by precisely governing the plunger motion. A new solitary
wave-making theory is therefore proposed based on the conservation between the immersed
volume of a circle cylinder and the above-water volume of a solitary wave. First, implicit
equations used to calculate the cylinder motion is derived, and restraint conditions on the
generated wave height due to the radius of the cylinder is given. Then, a numerical model based
on the Smoothed Particle Hydrodynamics method is built. After being validated by reproducing a
physical experiment in the literature, it is used to simulate the solitary wave generation through
water entry of a circular cylinder. The calculated wave profile as well as the horizontal velocities
of fluid particles agrees well with the analytical solutions. It indicates that the proposed
wave-making theory is capable of producing high-quality solitary waves that have accurate
waveforms and flow velocities without obvious trailing waves. More importantly, the solitary
wave reaches steady state as soon as being excited. Accordingly, the distance between the
structure and wavemaker when measuring or simulating the solitary wave-structure interaction

can be shortened. Much laboratory space and computational cost will be saved.

Key words: Solitary wave; Wave-making theory; Object water entry; Numerical wave flume;
Smoothed Particle Hydrodynamics.
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