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Abstract

Introduction: Impulsive waves (i.e., tsunamis) can be generated by
sudden displacements of volumes of water induced by earthquakes,
landslides, and volcanic eruptions, impacts of asteroids and
gradients of atmospheric pressure.

Methods: we present a new method for numerically modelling
landslide-generated tsunamis in OpenFOAM® by using a new
approach based on the Overset mesh technique. This technique,
which is based on the use of two (or more) numerical domains, is
new in the coastal engineering field and appears to be extremely
powerful to model the interaction between a moving body and one
or more fluids. Indeed, the accurate resolution around the moving
body (i.e., body-fitted approach), guaranteed by this method, and
offers a great advantage to study the momentum exchange between
the body and the water.

Findings: The results have been presented for the dimensionless
distance and the normalized geometry of the landslide in the range 5
to 7, 1 to 2, respectively. These numbers have been normalized by
the aid of the height of the landslide (a). According to the results of
simulations, the tsunamis process is divided into three stages, which
= were analyzed in details with considering the interactions between
: the solid and the water reservoir.
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Numerical investigation of wave production due to mass slip using finite volume method and OversetMesh

Extended Abstract

Introduction

An inclined embankment of a water body
contains a mass of material, the landslide
material is triangular in shape with width b
and height a. Initially, the mass is above the
water surface. It moves under the influence
of gravity downwards. The mass slides along
the embankment until it reaches an impact
location where it stops (depth H). The
symbol s represents the streamwise
direction of flow. The symbol h represents
the initial height of the mass above the
impact location. The moving mass initiates a
wave (represented by the dashed line drawn
a top the free surface location). are not
affected by the dimension of the domain. The
overset mesh method is based on the use of
two (or more) domains. The outer one (i.e.
background domain) allows the motion of
one or more inner domains (i.e. floating
domains) that contain a solid body. The
mutual exchange of information between the
two domains is achieved by interpolation.
Therefore, the two domains, which overlap
each other, can be used to simulate different
features of the hydrodynamics problem at
hand.

Materials and Methods

The open-source field operation and
manipulation (OpenFOAM) CFD software
package version 1912 was used to perform
the numerical simulations. The OpenFOAM
code is written in C pp and uses the finite-
volume discretization method to solve the
conservation equations of mass and
momentum, along with the equations of
state. The base code of the solver is
overInterDyFoam (Jasak 2009). This solver
can take into account different mesh
movement models. The second-order
upwind scheme is used to handle the
convective terms except the phase-fraction
term which is discretized using the Vanleer
second-order scheme. The Gauss-linear
second-order approach is employed to deal
with the diffusion terms. Due to the three-
dimensional nature of this study, the
computational domain is enclosed by three
boundaries. No-slip and the fixed-flux
pressure conditions are imposed at the

landslide  walls, and non-reflective-
boundary conditions at the background
walls and the far-field boundaries. The
landslide is triangular with the dimensions a
% 0.2 m and b % 0.5 m. It is initially at rest,
at the distance 2 m from the reservoir
bottom.

Findings

It was found that blocks with a small height
create a minimal solitary wave due to their
lower impact momentum. Results of Figures
18 and 19 indicate that with an increase in
the block height, the wave profile increases
because of the increased mass (and thus
momentum) of the block upon impact. An
increasing box height causes an increase of
the momentum. The wave height increases
with increasing momentum. Results are
displayed at a time of 0.7 s. The crest of the
wave increases from 0.29 m to 0.34 m as the
box height increases from 0.4 m to 0.55 m.
Also, the crest profile is stretched along the
vertical direction. Behaviors of the crest
profile significantly affect the vortex under
the wave.

A free-falling dense block that impacts a
water surface creates a single wave which
differs from a landslide wave. The elevation
of the wave is greater than the landslide
wave due to the greater energy transfer to
the water.

As the Ilandslide density and the
dimensionless distance of the landslide
increase, the magnitude of the wave
increases. Also, with the decrease in water
depth, the wave elevation increases.

Discussion

The main focus of the present paper is on the
generation of landslide-induced impulse
waves and Scott Russell waves. Three
different positions have been selected based
on the simulations conducted for a VOF and
overset mesh using the OpenFOAM C pp
library. Three-dimensional simulations of
the impulse wave formation for landslide
densities ranging from 2,100 to 2,900 kg/m3
and Scott Russell waves for densities ranging
from 1,800 to 3,300 kg/m3 were carried out.
Itis found that the formation of water waves
corresponding to a landslide density of
2,500 kg/m3 1is consistent with recent
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experimental results. The present study
opens exciting possibilities for future
research relating to the design of dam
reservoir. The coupling the overset mesh
technique overcomes a drawback of the
overset mesh method as far as the modelling
of a solid body moving in contact with an
impermeable surface. The proposed
numerical method can be used for Scott
Russell wave generation. The landslide-
induced impulse wave process is
characterized by three stages. In this study,
we focused on the first stage; however, the
three stages are: - Formation of the single
wave, - Propagation of the wave.

Conclusion

The impulse product parameter P applies to

landslides and to granular and block impulse
waves. Numerical results based on P indicate
that the largest waves occur for a block
sinking into the water (Figure 20). These
large waves are a negative phenomenon,
particularly for dam reservoirs.
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