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Numerical Simulation of Solitary Wave Run—up with an Internal Wave-Maker of
Navier-Stokes Equations Model
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Abstract

A three—dimensional numerical model called NEWTANK is employed to investigate solitary wave run—-up
with an internal wave-maker on a steep slope. The numerical model solves the spatially averaged Navier-
Stokes equations for two—phase flows. The LES (large-eddy-simulation) approach is adopted to model the
turbulence effect by using the Smagorinsky SGS (sub-grid scale) closure model. A two-step projection
method is adopted in numerical solutions, aided by the Bi-CGSTAB (Bi-Conjugate Gradient Stabilized)
method to solve the pressure Poisson equation for the filtered pressure field. The second-order accurate
VOF (volume-of-fluid) method is used to track the distorted and broken free surface. A solitary wave is
first internally generated and propagated over a constant water depth in the three-dimensional domain.
Numerically predicted results are compared with analytical solutions and numerical errors are analyzed in
detail. The model is then applied to study solitary wave run-up on a steep slope and the obtained results
are compared with available laboratory measurements.
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2.1 SANS (spatially averaged Navier-Stokes)
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Fig. 1. Three-Dimensional Cell of the Staggered
Grid
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Fig. 2. Comparison of 1st and 2nd-order VOF Schemes(Rider and Kothe, 1998)
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Table 1. Conditions of the Numerical Model Experiments

Wave Height 00lm / 0.02m / 0.04m
T —axis Total cell: 700 (maximum cell size 0.06 m, minimum cell size 0.02m)
y—axis Total cell: 10 (uniform cell size 0.02 m)
cel z —axis Total cell: 65 (uniform cell size 0.004 m)
Total Computed cell number: 455,000 (18 m><0.2 m>0.26 m)
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Fig. 6. Velocity Distribution Near the Source

Region
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Table 2. Conditions of the Numerical Model Experiments

Water Depth (d) 0.16 m Wave Height (H) 0.027 m (0.16875d)
x —axis Total cell: 350 (uniform cell size 0.01 m)
y—axis Total cell: 10 (uniform cell size 0.02 m)
cel z—axis Total cell: 95 (uniform cell size 0.003 m)
Total Computed cell number: 332,500 (3.5 m><0.2 m>0.285 m)
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Fig. 7. Solitary Wave Run-up on a Steep Slope
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