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Simulation of non-breaking and breaking solitary wave run-up and impact by SPH method
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Summary The smoothed particle hydrodynamics (SPH) method is realised to simulate the nonbreaking and breaking solitary wave run-up
and impact on the vertical wall. The second order accuracy is achieved by introducing the correction step to improve the traditional SPH
method. SPH-computed wave profiles are in good agreement with the experiment results for both nonbreaking and breaking solitary wave,
and more accurate simulate run-up for breaking solitary wave as compared with the Eulerian Shallow-Water Equation (ESWE) model.

INTRODUCTION

The tsunami generated by the Great East Japan Earthquake in 2011 caused tremendous damages to residential and
industrial installations at the affected area. The run-up of the tsunami has damaged the power cooling units of the
Fukushima nuclear power plant, resulting in the radionuclide spill. All of these, including the lessons learnt from the
2004 Indian Ocean Tsunami disaster, have shown that in spite of studies during past decades the tsunami damage still
underestimated.

In this study, the enhanced SPH method [1] is used to study the solitary wave run-up and break over a sloping beach
and impact on a vertical wall. The simulation results are compared with that of the famous tsunami model, Tunami-N2
[2][3], and verified against the experiments conducted at the U.S. Army Engineer Waterways Experiment Station,
Vicksburg, Mississippi [4].

SPH METHODOLOGY

The SPH method was first introduced by Gingold and Monaghan [5]. The expression has the form of
f(x)=[ f(x)W(x=x"h)dx’ (1)
Q

where W (x—x',h)is the kernel function. The SPH approximation of the Navier-Stokes equations can be approximated
in the following forms
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in Eq. (4) the term nij is artificial viscosity.

SOLITARY WAVE RUN-UP SIMULATIONS AND DISCUSSIONS
The experiment was conducted at the U.S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi by
Ward [5]. The configuration of the experiment is show in (a) of Figure 1. In the experiment, three different solitary

waves are generated by the movement of the piston paddle. The target wave height, h, /d , of each case are 0.05

(case A), 0.3 (case B) and 0.7 (case C), respectively. The flume is discretized by about 1.1 million uniform diameter
particles with size dx = 0.002m and simulated in 100 parallel processors. The comparisons of surface elevation
sequential snapshots for SPH simulation, Tunami-N2 simulation and experiment data are shown in (b), (c) and (d) of
Figure 2 . The surface elevations of SPH simulations for all of the three cases, in particular after the wave breaking,
agree quite well with the experiment. Figure 2 shows the snapshots of wave propagation and impact on the wall for case
C. Figure 3 shows pressure time history at the still water level on the wall for the three cases. In case B and case C,
sharp rises of pressures can be observed, which is characterized by the impact of the wave front on the wall. The impact
pressure of case C could exceed several times the static pressure. Fail to simulate the subsequent process of wave
breaking, as it usually happens in non-breaking tsunami models, may lead to under-predictions of the water velocity
under the wave as well as the run-up height, and hence under-prediction of the impact pressure.
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Figure 1  Experiment setup (a) and time histories of surface elevation for experiment and numerical simulation at gage 5 to gage 10 for case A (b),
case B (c) and case C (d)
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Figure 2 Snapshots of wave breaking (1) and impact on the wall (1) for case C.

—case A
r; ==-case B
2.5 [ — - cane ©
R ]
I
= -
: ',
{1: =z 4 ' -
== L) .-
- '
. -
1.5 - N !...
; [
v <. 8
i o
1 - « ! .
L ' : o
- ' & _ s
o.s i Ve s#‘ak H
i e A e ORI | 1
» - Lo
; v =
o L | T '
14 1% 16 17 18 19 20 21 22
T (=)

Figure 3 Impact pressure on the wall for case A, B and C at the still water level.
CONCLUSION
In this study, three cases of solitary wave propagation and run-up are simulated by the enhanced SPH model and
compared with the Tunami-N2 numerical models and the experiment data. Snhapshots are extracted from the SPH
simulations for the wave propagation stage and during impact on the vertical wall. The results show the SPH method
has the capability to simulate the propagation, wave breaking and wave impact on a wall.
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