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In this paper a space-averaged Navier–Stokes approach has been deployed to simulate wave propagation over a sub-
merged breakwater. The developed model is based on the smoothed particle hydrodynamic (SPH) method, which is a pure
Lagrangian approach and can handle large deformations of the free surface with high accuracy. For this study, the large
eddy simulation (LES) model was chosen as the turbulence model to couple with the weakly compressible version of the
smoothed particle hydrodynamics (WCSPH) method to simulate the wave propagation over a submerged breakwater on
a sloped bed. The results of numerical simulations were compared with experimental results and a good agreement was
achieved. Finally, it is shown that the WCSPH method provides a useful tool to investigate the wave transmission and per-
formance of the submerged breakwaters.

INTRODUCTION

Nowadays submerged breakwaters are used increasingly by
coastal engineers against beach erosion and coastal hazard. The
main responsibility of this structure is protecting the shoreward
area of the breakwater from wave actions by attenuating the
incoming waves. By causing waves to break prematurely, this
structure absorbs some of the wave energy. There will remain
some energy, and it is partly reflected and partly transmitted shore-
ward (Tsai et al., 2006). Coastal erosion is a worldwide problem
and has endangered coastal properties and caused degradation of
valuable land and natural resources. It also has effects such as dis-
ruption to fishing, shipping and tourism (Chen et al., 2010). Using
such constructions can achieve multiple benefits like coast ero-
sion reduction, cheap coast constructions, overtopping reduction
and force reduction (Carevic et al., 2009). Although a submerged
breakwater is located across the beach, it does not interrupt the
clear view of the sea from the beach, and this is a desirable fea-
ture of these structures. This is one of the important considera-
tions in using such structures for shoreline protection to maintain
the tourism value of beaches (Johnson et al., 2005).

The wave propagation over a submerged breakwater has been
studied in a series of works based on laboratory and field exper-
iments (e.g., Losada et al., 1995; D’Angremond et al., 1996;
Seabrook and Hall, 1998; Cho et al., 2004; Cox and Tajziehchi,
2005; Chen et al., 2008). As the numerical methods and wave
models developed the past few decades, the modeling of wave
transmission over submerged breakwaters and the criteria for the
quality of the numerical model have become a challenge. So far,
many theoretical or numerical models have been done for both
the permeable and impermeable structures. Shen et al. (2004)
developed a Reynolds-averaged Navier–Stokes (RANS) model to
predict the propagation of conical waves over a submerged bar.
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In this model, a k–� turbulence model and VOF surface track-
ing scheme were coupled with their solver. The performance
of submerged breakwaters was studied using the boundary-value
problem by Rambabu and Mani (2005). Johnson et al. (2005)
explained two methods for modeling waves and currents interac-
tions with submerged breakwaters. The first method is a phase-
averaged method and the second approach is a phase resolving
method. Jeon and Cho (2006) predicted characteristics of the
Bragg reflection because of multi-arrayed trapezoidal submerged
breakwaters by using a Reynolds-averaged Navier–Stokes equa-
tion with the VOF method and the k–� turbulence model. Christou
et al. (2008) studied the behavior of nonlinear regular waves inter-
acting with rectangular submerged breakwaters based on a Bound-
ary Element Method (BEM). Carevic et al. (2009) presented irreg-
ular waves transmission over submerged breakwater, using the
numerical model MIKE 21 BW 1D. Cao et al. (2010) presented a
RANS model to predict water wave transmission over two imper-
meable trapezoidal submerged breakwaters. For this model, the
k–� turbulence model and VOF surface tracking scheme were
coupled with their solver. Also, Chen et al. (2010) investigated
characteristics of flow field and wave transmission near a sub-
merged breakwater on a sloping bed by solving the N–S equa-
tions along with the PILC-VOF surface tracking scheme and k–�
turbulence model. Wiryanto (2010) developed a linear model of
wave propagation passing over the submerged porous breakwater
for monochromatic and solitary waves associated with two cou-
pled boundary-value problems.

Due to grid distribution, the Lagrangian grid-based methods
may not be suitable for analyzing the flows with highly deformed
free surfaces. This means the Eulerian grid-based methods require
a better interface capturing method to model large and abrupt
deformations with fragmentation (Khayyer et al., 2008). In many
engineering applications, like the simulation of flow hydrodynam-
ics, particle methods which are among the mesh-free or gridless
methods have been widely deployed. Such methods model the
state of a system as a set of discrete particles without a fixed con-
nectivity, followed in a Lagrangian manner. So, particle methods
are intrinsically suitable for analyzing the moving interfaces and
free surfaces. In addition, fully Lagrangian treatment of particles,




