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ABSTRACT

The hydraulic performances of a vertical permeable structure with an impermeable rear wall are investigated. A numerical
hydrodynamic model for a 2-dimensional wave field is developed to simulate wave transformation inside and outside the
structure. Governing equations of porous flow are solved using the SMAC algorithm for the time evolution of the velocity
and pressure field. A 2-phase model is incorporated to treat the prime variables at the air-water interface. Experimental
studies are done to calibrate the numerical model. The drag and inertia coefficients in the governing equations are calibrated
for a typical porous material. The model is applied to assess the effect of structure width and porosity on the wave height at
the impermeable rear wall and the reflection coefficient. The existence is observed of optimum values of width and porosity
that can maximize hydraulic performances.

INTRODUCTION

Many coastal structures built for the protection of harbor and
shore are porous. These structures are designed mainly to pro-
vide protection by reflection and/or dissipation of wave energy.
For many years, porous structures of the rubble-mound type have
been extensively used. In general, a wave train through a porous
structure, irrespective of its regular or random nature, is reflected,
transmitted and dissipated. All these processes induce significant
changes in the wave properties, such as height, energy and force
inside the porous structure. These changes depend on the struc-
tural parameters (width, material size, porosity) and incident wave
conditions (height, period). It is essential to investigate the influ-
ences of all these parameters on functional variables, such as
reflection, dissipation and transmission. Due to the complexities
of both porous flow and nonlinear wave behavior, related prob-
lems are extremely difficult to solve and have been investigated
for many years. Wave motion in permeable structures is often
studied experimentally (Losada et al., 1995; Mizutani et al., 2001;
Qiu and Wang, 1996). However, it is also understood that phys-
ical models have their natural limitations. Small-scale physical
modeling is influenced by scale effect, while large-scale model-
ing is relatively expensive. In addition, the measurement inside
the porous structure itself is highly challenging. Thus, numerical
models are the valuable tools for studying wave motion in perme-
able structures.

In recent years, with the development of computational fluid
dynamics and computing facilities, several numerical models have
been developed for the porous flow simulation (Isobe et al., 2000;
Liu et al., 1999; Qiu and Wang, 1996; Sakakiyama and Kajima,
1992). Most of these were based on the direct simulation of
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the Navier-Stokes equations in which the volume of fluid (VOF)
method is used for the fluid advection algorithm. However, all of
these studies are based on the 1-phase model, in which the effect
of air movement above the water surface is ignored. As a result,
trapped air inside the water and the splash of water in the air are
not treated fully. In addition to this problem, the 1-phase model
requires extrapolation or interpolation for physical variables (pres-
sure, velocity) at the interface boundary between water and air.
Occasionally, this approximation becomes a source of error in the
solution domain. One alternative to avoiding these problems is to
use the 2-phase model, considering both air and water movement.
A few studies done so far consider 2 phases of air and water
movement (Hieu and Tanimoto, 2002; Yuhi et al., 1998); however,
they did not consider wave motion in porous structures.

In this paper, a VOF method based on the 2 phases of water and
air is developed for the simulation of wave transformation both
inside and outside the porous structure. The model is based on
the continuity equation of an incompressible fluid in the porous
media, modified Navier-Stokes equations and convective equa-
tions of density and viscosity. The interface between air and water
is established using the VOF method originally proposed by Hirt
and Nichols (1981). A new fluid advection algorithm proposed by
Harvie and Fletcher (2001) is introduced into the Hirt and Nichols
scheme. As a porous structure, a vertical permeable structure with
an impermeable rear wall is considered in this study. Computed
results of the present model are compared with several sets of
experimental data. The model is applied to the investigation of
the influences of structure width and porosity on wave reflection
and wave height at the rear wall.

NUMERICAL MODEL

Model Equations

Based on the Navier-Stokes equations, several researchers
derived the governing equations for the water wave motion in
porous structures. The basic equations for the porous body model
are the continuity equation (Eq. 1) of an incompressible fluid
in the porous media and the modified Navier-Stokes equations




