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ABSTRACT

Using the advances in smoothed particle hydrodynamics method in the numerical
simulation of the ocean waves and marine currents is the aim of this study. The
ocean wave has been proposed to be one of the most commercially feasible energy
sources .The modeling of the ocean waves and currents is crucial to recognize wave
and marine energy resources. The smoothed particle hydrodynamics (SPH) method
and its solver called SPHysics are suitable to analyze the free surface phenomena,
because it can easily match with large and complicated geometric and regions. The
main idea of the SPH is developing an accurate numerical solution for governing
equations with all types of existing boundary conditions by using a set of particles
without any mesh. The SPH describes the physical properties of each particle based
on the property of neighboring particles. The last version of the serial SPHysics code,
V2.2.1, which is based on the SPH method, is applied for numerical modeling in this
study. The wave breaking on the sloping beach is endorsed as a validation test case.
In this case, the simulation is carried out for three types of breaking wave which are
Spilling, Plunging and Surging. According to approach of Grilli et al., the type of
breaking wave is obtained due to the slope and dimensionless wave height factor.
The results represent a considerable similarity between the computational models
and the simulation of breaking waves by the SPHysics. For modeling ocean wave,
the wave maker generates waves on the free surface with different periods and
amplitude according to the far field Biesel transfer function. In addition, the water
surface elevation and the particle velocity components in the sub layers of the still
water level can be plotted by Matlab. The results show that the water surface

elevation and particle velocity depend on the height of wave and the wave period. It



is important to investigate the marine currents when the waves occur on the free
surface of ocean. Finally, the total energy in the waves which consists of potential
energy and kinetic energy is analyzed for different ocean waves. In short, total
energy will increase as the amplitude of wave maker increases and the wave period

decreases.

Keywords: smoothed particle hydrodynamics, SPHysics, ocean wave, wave maker



Oz

Bu c¢alismada, diizlestirilmis parcacik hidrodinamik yontemindeki gelismeler
kullanilarak, okyanus dalgalar1 ve deniz akimlarmin sayisal benzetimi
amaclanmaktadir. Okyanus dalgalari, ticari agidan uygulanmasi en uygun enerji
kaynaklarindan biri olarak ©ne siirtilmiistiir. Dalga ve deniz enerji kaynaklarini
tanimak i¢in okyanus dalgalar1 ve akimlarimin modellemesi ¢ok Onemlidir.
Diizlestirilmis parcacik hidrodinamik (SPH) yontemi ve ¢éziim programi SPHysics,
serbest yiizey coziimlenmesi i¢in uygundur ¢iinkii biiyiik ve karmasik geometrik
bolgeler kolayca modellenebilir. SPH nin ana fikri, temel denklemler i¢in, sinir
kosullar1 ile herhangi bir ag olusturmadan, yalnizca parcaciklarin bir kiimesi
kullanilarak sayisal bir ¢oziim gelistirmektir. SPH, her bir pargacigin fiziksel
ozelliklerini komsu parcaciklarin 6zelligine gore tanimlar. Seri SPHysics kodunun
son surumd V2.2.1, SPH yontemine dayanmaktadir. Bu c¢aligmada, sayisal
modelleme i¢in bu siiriim kullanilmistir. Gegerleme testi olarak egimli sahilde dalga
kirtlmasi kullanilmigtir. Bu durumda simdilason, dalan, kabaran ve dokulen olarak g
tip dalga kirilmasi i¢in gerceklestirilmistir. Grilli ve arkadaglarinin ¢aligmasina gore,
dalga kirilma tiirii, egim ve boyutsuz dalga yiikseklik faktorii ile elde edilir. Sayisal
model ve SPHysics dalga kirilma benzetimi sonuglar1 arasinda énemli bir benzerlik
goriilmiistiir. Okyanus dalgas1 modellemesi i¢in, dalga liretici, serbest ylizeyde farkli
periyotlarda ve uzak alan Biesel transfer fonksiyonuna goére farkli genliklerde
dalgalar olusturur. Buna ek olarak, alt katmanlarda su ylizeyi yiikselmesi ve parcacik
hiz bilesenleri Matlab ile cizilebilir. Sonuglar, su yiizeyi yiikselmesi ve pargacik
hizinin dalga yiiksekligi ve periyoduna bagimli oldugunu gostermektedir. Bu

dalgalar okyanusun serbest yiizeyinde meydana geldiginde deniz akimlarim



arastirmak Onemlidir. Son olarak, dalgalardaki potansiyel ve kinetik enerjinin
toplami, farkli okyanus dalgalarina gore ¢6ziimlenmistir. Kisaca, toplam enerji dalga

tireticisinin genligi arttiginda ve dalga periyodu azaldiginda artmaktadir.

Anahtar Kelimeler: diizlestirilmis par¢acik hidrodinamigi, SPHysics, okyanus
dalgasi, dalga tiretici
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Chapter 1

INTRODUCTION

1.1 Motivation

Nowadays, with global attention being drawn to climate change and the increasing
level of greenhouse gas such as Carbone dioxide, the focus on producing electricity
from renewable source is once again a significant area of research. Ocean energy,
including wave and tidal current energy, can play a major role in the electricity

market, providing reliable and sustainable energy.

Today, the world electricity demand is around 17500 TWh and it can be developed
20000 TWh to 80000 TWh of electricity produced by ocean energy such as wave,
tidal, marine current, salinity and ocean thermal [1]. The ocean wave has mostly
been proposed as the most commercially feasible energy sources. The solar energy
causes wind and waves are created by lowing wind over the surface of ocean.
Anyone who studies on the ocean knows that the waves are assumed as harmonic
and uniform. Various waves with different height and speed are created by the wind
has traveled from one way. The best resource of wave occurs in region where strong
wind blown over long distances. Using of wave energy date back to 1799 and the
wave power was applied by France in 1910. More researches of wave energy became
in the 1940s and this kind of renewable energy presented as it can be commercially
source in 1990s [2]. The kinetic and potential energy which contained in natural

oscillations of ocean waves is converted by an ocean wave energy system. Different



methods have been presented to convert wave energy into practically electrical
energy. Some of the early types of the wave power systems are the Salter Cam and a
hinged floating system that both of them developed in UK, the wave-powered
developed at Scripp’s Institution of Oceanography, a pressure-activated submerged
generator developed by Kayser in Germany and a pneumatic wave converter
originally developed by Masuda in Japan [3].Wave energy conversion (WEC) is one
of the most feasible technologies which European Marine Energy Center (EMEC)
has identified eight main types of it [see reference 4]. Theoretically, the efficient
extraction of the power of ocean waves is possible. Researchers indicate that more
than 90 percent of the power wave can be converted into electricity under certain
condition by theoretical researches and experiments. The total efficiency of
conversion is almost 35 percent as ancillary extraction processes are considered for

the ensemble of all waves annually [5].

Another technique to extract energy from the ocean is marine and tidal current
energy. Tidal currents are created by changing gravitational pull of the moon and the
sun on the world’s oceans constantly. Energy from tides is created by the rise and fall
of the sea level (tidal range) and tidal current. The tidal range is the difference
between high tide and low tide which produces potential energy. The tidal current is
the horizontal water movement that generates kinetic energy. The marine currents are
created by the tidal current, the breaking wave, the wind, the salinity and temperature
difference, the cabelling and the Coriolis Effect. The tidal and marine currents
technologies have same principles of operation due to the concept of using kinetic
energy from both of them is same [3]. It is essential to study the characteristic
parameters of the marine current flow for the successful application of marine

current energy devices (MCEDs). Generally, the large marine currents are occurred

2



adjacent to headland or between landmasses an exceptionally great energy resource
is located where the current velocity is at least 2.5 m/s or more [6]. The wind energy
extraction technique and the marine current conversion technology share same
principle to generate electricity. Approximately, a wind speed of 18 m/s is same in
energy density to a marine current of 2 m/s. Thanks to the movements of the tides are
known completely, the tidal currents is as a predictable energy resource which can be

applied to generate electricity [7].

At this time, the knowledge of the wave energy convertors and marine current energy
devices is not completed. Thus many researches are still on going to improve their
performance. On the other hand, the experimental observation may be difficult due to
the mixture of various physics effects. Therefore numerical simulation provides a
popular and proper way to understand flowing fluid behavior and floating devices.
Computational Fluid Dynamics (CFD) is a well-developed science to solve fluid
mechanics problems. One of well-known method in the CFD is Smoothed Particle
Hydrodynamics (SPH) which applies to simulate free surface phenomena. The SPH
method, a mesh free and fully Lagrangian technique, was initially presented by
Gingold and Monaghan (1977) and Lucy (1977) to study astrophysics problems.
Today, this method uses in numerous objects related to mechanics and fluid
dynamics. A free surface SPH open source FORTRAN code named the SPHysics in
2007 which applies to model fluid dynamics problems. The open source code is

available to free download at www.sphysics.org [8].



http://www.sphysics.org/

1.2 Study Objectives

The main propose of this study is the simulation of the ocean waves by the SPHysics
which is suitable to model the free surface phenomena. In fact, it is provided by a
description of the SPHysics based on Smoothed Particle Hydrodynamics (SPH)
method and modeling the wave breaking on the sloping beach introduces as a
validation test case. In addition, the simulation figures of ocean waves with different
frequency and wave height, plots of water surface elevation and particle velocity in
the sub layers of the still water level and graphs of total energy for each wave will be

done in this project.
1.3 Organization of Thesis

To investigate the smoothed particle hydrodynamics (SPH) method as a mesh free
method and its recent advances in free surface phenomena and advantages and
disadvantages of using the SPH method will be presented in Chapter 2. In Chapter 3,
the structure of the SPH code called SPHysics will be introduced. Chapter 4 reviews
ocean surface waves and illustrates the numerical modeling of wave braking by last
version of SPHysics and introduces the geometry and desired set up of numerical
simulation of ocean waves. Chapter 5 consists of the results of this study and the
comparison of water surface elevation, particle velocity and energy between four
different simulated waves. Finally, the thesis will finish with conclusion and future

study in Chapter 6.



Chapter 2

LITRETURE REVIEW

2.1 Introduction

The goal of this literature review is to investigate the smoothed particle
hydrodynamics (SPH) method and its recent advances in free surface phenomena.
The survey describes numerical simulation and reviews grid base, mesh free methods
and different types of them. Also advantages and disadvantages of using the SPH

method is a vital part of this chapter.
2.2 Numerical Simulation

In general, there are three approaches in science to describe the physical phenomena;
analytical, experimental and numerical simulation. An analytical methodology is the
way of studying to obtain exact solutions. Experimental methods use for observation
to test scientific hypotheses. Numerical simulation is a crucial approach for solving
complex problems with the help of the computer. To solve a problem by numerical
simulation, physical phenomena should be simplified and then mathematical model
is created by extraction of important parameters. In fact, mathematical model will be
governing equations with proper initial conditions or boundary conditions. One of
the ways of solving the governing equations that may be partial differential equation,
ordinary differential equations or other possible form of equations is numerical
algorithm. In the most techniques that need domain discretization, computational
frame should be a set of mesh and accuracy of these techniques depend on the mesh

pattern and its size. According to domain decomposition and numerical algorithms,

5



numerical simulation is created by computer code. For actual engineering problems,

it is necessary to verify the code with experimental data or theoretical solutions[9].
2.3 Grid-Based Methods

In fluid dynamics, the Eulerian description and the Lagrangian description are two
methods for describing of the motion of a fluid and its properties. The Eulerian
approach is a field approach that focuses on a certain domain and when different
materials pass through that location, it monitors the changing of properties. The
Lagrangian approach identifies a material of the fluid and follows its properties as it
moves. In grid or mesh based numerical methods such as finite element method
(FEM), finite difference method (FDM) and finite volume method (FVM), the
generation of the mesh is a vital and prerequisite for the numerical simulation. The
elements in FEM, the grids in FDM and the cells in FVM are created by the meshing.
The finite element methods (FEM) are the Lagrangian grid methods that mesh is
fixed to the material during simulation. On the other hand, FDM and FVM are the
Eulerian mesh methods that grid is fixed in space and with time. For decades, the
FEM solves the computational solid mechanics (CSM) problems and the FDM has
been used as essential tool solver in computational fluid dynamics (CFD). In some
application such as simulating hydrodynamics phenomena where exists large
deformations or deformable boundaries and free surfaces, the grid based methods are
difficult or unsuitable [9].

2.4 Mesh Free Methods

To develop an accurate numerical solution for governing equations with all types of
existing boundary conditions using a set of particles without any mesh is the main
idea of the mesh free methods. The procedure of mesh free methods shows in

Fig.2.1[10]:



Create geometry
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ag
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Figure 2.1. Procedure of mesh free methods

The grid free methods have been used for solid mechanics and fluid dynamics by
researchers. There are some common features in them, but the methods of
approximation and process are different. Some typical mesh free methods have been
developed by different researchers such as Smoothed particle hydrodynamics (SPH)
method [12-13], diffuse element method (DEM) [14], element free Galerkin (EFG)
method [15], reproduced kernel particle method (RKPM) [16], mesh less local
Petrov-Galerkin (MLPG) method [17], point interpolation method (PIM) [18], mesh
weak strong form (MWS) [19]. The mesh free methods have been classified by Liu
and Gu in different ways such as the formulation procedures, the function
approximation schemes and the domain representation. Summary of classification of
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mash free methods represent in Table 2.1. Future development of the mesh free
methods could be in function interpolation or approximation, formulation procedures

and combination of them for different types of problem.

Table 2.1. Classification of mesh free methods [10]

Example Mesh free

Classification Categories methods

Mesh free methods based on

. Mesh free collocation
strong-forms of governing

methods, FPM, etc.

equation
Based on Mesh free methods base_d on EFG, RPIM, MLPG.
formulation weak-forms of governing
g LPRIM, etc.
procedure equations
Mesh free methods based on
the combination of weak-form MWS, etc.

and strong-forms

Mesh free methods using
MLS

Mesh free methods using
Based on integral representation method SPH, etc.
interpolation/approxi | for function approximations
mation method Mesh free methods using PIM RPIM, LRPIM, etc.
Mesh free methods using
other mesh free PUFEM, hp-cloud, etc.
Interpolation schemes
Domain-type mesh free SPH, EFG, RPIM, MLPG,

EFG, MLPG, etc.

Based on domain methods LRPIM, etc.
representation Boundary-type mesh free BNM, LBIE, BPIM,
methods BRPIM, HBRPIM, etc.

2.5 Smoothed Particle Hydrodynamics (SPH) Method

One of the most important methods in mesh free system is smoothed particle method
that replaces the fluid with a number of particles to obtain approximate numerical
solution of the fluid dynamics equations. In the mathematics, the SPH particles are
interpolation points for calculating the properties of the fluid. In the physics, the
particles behave like other particles which make material. However the particle
method is natural idea, but it is not clear that the interactions between particles can

remake the fluid dynamics equations truly. In 1977, Lucy and Gingold and
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Monaghan initially developed SPH to simulate astrophysics problems [12-13]. The
new SPH algorithm was introduced to apply for a non-dissipative compressible fluid
by Gingold and Monaghan [20]. The SPH method can be used for a broad range of
fluid dynamics problem such as free surface phenomena due to its Lagrangian nature.
The initial attempt to use the SPH for free surface flows was done by Monaghan
[21]. Some of the SPH application in free surface phenomena is to study wave
propagation [22-26] and breaking wave [27-29]. The stat-of-the-art of SPH for dam
break problems was introduced by Gomez-Gesteria et al. [30]. Capone et al.
presented a simulation of the wave generated by submarine landslides [31]. There is
a current debate about the different approaches base on compressibility of the fluid in
free surface problems. Hence, an application of the weakly compressible smoothed
particle hydrodynamics (WCSPH) or the fully incompressible smoothed particle
hydrodynamics (ISPH) has been compared by different researchers [32-33]. Another
open problem in SPH method is about the viscosity [34] which the authors
recommend an intermediate approach. As a solution, the viscosity can be depended
on vorticity. The SPH methodology can be coupled to other method to create a better
result in some problems such as interaction between fluid and structures. For
example, Groenenboom et al. introduced a hybrid model to analyze fluid-structure
interaction, where SPH model presents the fluid dynamics and the structure is
described by Finite Elements Method [35]. In addition, SPH and Arbitrary
Lagrangian-Eulerian (SPH-ALE) method is used for analyzing surface flows in a
Pelton turbine [36]. Increasing the speed of calculation can be a benefit to use the
hybrid models. Thus, the costal wave propagation was studied by Narayanaswamy et
al. [25]. They coupled a 2D SPH model and 1D Boussinesq model (FUNWAVE).

However the SPH method is mostly applied to solve Navier-Stokes equations.



Thanks to its powerful interpolation, SPH is well studied to describe shallow water

equations by De Leffe et al. [26].
2.6 SPHysics Code

A teamwork of researchers at the University of Manchester (UK), the John Hopkins
University (USA), the University of Vigo (Spain) and the University of Rome La
Sapienza (Italy) presented a free surface SPH open source code called the SPHysics
in 2007. This code is written in Fortran 90 and the last update was in January
2011[8]. Moreover, Rising the cost of computational in 3D application can be one of
the main disadvantages of SPH methodology which be alleviated by using
GRAPHIC Processor Units [37] and parallel computing [38-39]. The parallel version
of the SPHysics named ParallelSPHysics released in January 2011 to use for
supercomputers and parallel [8]. In addition, the new version of SPHysics called
DualSPHysics designed to be executed on GPUs or CPUs. The Programming
language of the DualSPHysics is a set of C++, CUDA and JAVA which the last
version released in December 2013[40]. As an example of using the DualSPHysics
for free surface flow problems, a 3D modeling of wave generated by rockslide was

carried by Vacondio et al. [41].
2.7 Pros and Cons

Smoothed particle hydrodynamics method is a simple approach to solve numerical
fluid dynamics problems which can provide a wide dynamic range in resolution and
density which are unmatched in Eulerian approach. SPH has extremely good
conservation properties for energy and linear and angular momentum which is
another benefit compared to Eulerian methods. Because of mesh free nature of SPH,
it can easily match with large and complicated geometric and regions such as free

surface flow problems where are devoid of particles. The density of particles rises in

10



areas where the material exists. As a result, computational cost and memory storage
can be decreased due to focus in these regions during computational effort. Using of
SPH in a numerical solver lead to be easy to understand and comparatively simple.
For example, negative temperatures or densities may be a problem in grid-based

codes, but it does not occur in SPH [42].

The major disadvantage of SPH method is restricted accuracy in multi-dimensional
flows due to discrete sums over a small set of nearest neighbors in the approximation
of kernel interpolation. SPH is slower solver which is another disadvantage
compared to mesh based methods. The time steps and the speed of the sound join
together in the weakly compressible fluid dynamics problems. As a result, greater the
speed of sound decreases the time steps dramatically. Another generic problem is
that the boundary condition implementation is not accurate enough [42].

2.8 Resume

Although there are some disadvantages in numerical simulation with smoothed
particle (SPH) method, further to the benefits of mesh less method, it can recommend
to researchers for simulating free surface flow phenomena such as ocean wave and

marine currents.
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Chapter 3

METHODOLOGY

3.1 Introduction

The Smoothed Particle Hydrodynamics (SPH) computes the curve paths of the fluid
particles that interact base on the Navier-Stokes equation to predict values of the
physical variable of fluid particles. The last version of the SPHysics code, V2.2.1,
which is based on the SPH method, is applied for numerical modeling in this study.

The aim of this chapter is to describe the SPH method and its solver
3.2 SPH Formulation

In the SPH, the integral of the fluid dynamics equations is solved at each
interpolating point which named particles to compute density, velocity, pressure and
position of the fluid particles according to the Lagrangian approach. In fact, the
physical quantities values of particle are treated as the interpolation of the values of
the neighborhood particles. The SPH formulations are obtained by Monaghan [43].

The SPH interpolation of a variable such A(r) is:

A(r) = fq) A@EYW(r — r', h)dr (3-1)
where W(r-r') is the kernel or weighting function; h is a distance between two
neighboring particles named the smoothing length which should be higher than the

initial particle separation and it controls the computation domain ; r is position and

dr’ is dxdy in two and dxdydz in three dimensions.
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In discrete notation, this expression (3-1) leads to an approximation of the function at
an interpolation point a.

Ap
AN = Xp My P W (rg-1p, h) (3-2)
where the summation is over all of the particles b inside the domain of kernel
function that fixed by the smoothing length. The m, and p, are mass and density of
particles b respectively. W,;,, = W (r,-1p, h) is the kernel or weight function between

two particles a and b when position vector r=r,.

As one of the benefits for using kernel approximation, the function derivative is

calculated analytically:
VA®) = Zp M 52 TW (11, ) (3-3)
b

3.2.1 The Smoothing Kernel or Weighting Function
The choice of the weight or kernel function plays an essential role in the performance

of the SPH. The kernel function must satisfy two conditions [9]:
1) f(p W(r—r,h)dr'=1

2) lim,,oW(r—r,h)= 86(r—1)

where §(r — r') is a delta function.

There are some properties for better efficiency and accuracy of the approximation

which kernel function might be required such as:

e Compact support domain: the kernel approximation is transformed from
involving integration of the all computation area to a local domain where has
much smaller area:

W(r—r,h)=0 for Ah<r—7'
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where speed of the kernel function is determined by parameter (A).

¢ In the compact support domain, the kernel function has non-negative value.

e A monotonically decreasing occurs in kernel function with rising the distance
away from its center.

e Symmetric property: the locations where have the equal distance to the
center, those will have the equal contributions to the integral.

e Sufficiently smooth: the smoother kernel function and its derivatives have

better results and performance when this property uses in approximation.

The kernels are represented as a function of the smoothed length (h) or the non-

dimensional distance between particles (q) given by q = % where ry,= 1, — 13, (the

distance between particle a and particle b) and the size of computational domain is
controlled by the smoothed length (h). As a result, the accuracy of the SPH
interpolation is increased by the polynomials of kernel functions, however, the time
of computational also rises.

3.2.2 Equation of Continuity

In the SPH method, changes in the density of fluid are calculated by [43]:

% = Z MpVap va]/Vab (3-4)

where v,, = v, — v, and vV, is the gradient for particle a.
3.2.3 Equation of Momentum

In a continuous field, the momentum equation is given by [43]:

dv 1
E__; VP+g+C|) (3-5)

where dissipative terms are denoted by ¢ . Also g= (0, 0,-9.81) ms~2 refers to the

acceleration due to gravity and the pressure gradient in the SPH will be:
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2 )V Wab (3-6)

where p, and P, denote density and pressure of particle b.

3.2.4 Equation of State

The fluid in the SPH method is assumed a weakly compressible by Monaghan [21]
and the equation of stae which is the relation between pressure and density is

pressented by Monaghan et al. [22]:

P=B[()T-1]+r (3-7)
Po

where P, denotes atmospehric pressure which sets usually zero. The coefficent B

C02P0

r Y'=7 for water ;

controls the coperssibility of the fluid and it is given by B =

po = 1000 (kg /m3) for water. Also c, refers to the speed of sound at refrence

density (py) and it is given by cy=c(py)= \/3:1; = /i_’v at p = py . The selection of B
0

is important due to choose a very small time step based on Courant-Fredrich-Levy
(CFL) condition for numerical modeling.

3.2.5 Equation of Moving Particles

Monaghan described moving the particles with a velocity near to the main in their
neighborhood by using the XSPH variant [44]:

mp

—2=v,+ey,m, 5 Vpa Wap (3-8)
ab

where ¢ is a free parameter with a range between 0 and 1.
3.2.6 Equation of Themal Energy

The thermal energy of each particle is calculated in SPH using [21]:

deg

1 P, P
dt = EZb mb( 2 + pzbb + Hab )vabvaWab (3-9)
a

15



where T[], is viscosity term which can be found using the various approaches
mentioned before.

3.3 SPHysics

The SPHysics is a solver based on the SPH method that suitable for free-surface
problems.

3.3.1 Types of Kernel Function

There are some different kernel functions which use in the SPH method. Four types
of famous kernel function which used in the SPHysics are shown in Table 3.1. Also
the normalization parameter «aj, is different for each kernel function. The kernel

function which used in this study is Cubic Spline.

Table 3.1. Four types of kernel function

Type Formula ap (in 2D)

1
Gaussian W(r,h)= apexp(-q?) h

2

Quadratic W(r,h)= ap[ AP S Y 0<q<2 mh’

16 4 4
3 2 3
1—=q¢°"+-q¢° 0<q<?2

- 2 4 10

Cubic Spline W(r,h)= ap %(2 0° 1<q<2 )
0 q=2

Quintic a\* 7

(Wendland) W(r,h)=ap (1 - E) (29 + 1) 0<q<2 Al

3.3.2 Dissipative Term
According to the dissipative term, the momentum equation can be used for three
types of different disspition in SPHysics which are artificial viscosity, laminar

viscosity[46] and SPS turbulence[47]. In this study, the artificial viscosity which
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was first described by Monaghan [45] is applicable. Because of its simplicity, the

artificial viscosity was widely used. The Eq.3-5 can be rewriten as:
—=—meb(_+_+nab)v Wap +9 (3-10)

where [],, refers to viscosity term which is given by:

of

abl’lab
—_— Vap Ty <0
Mo=] 7. o Tab (3-11)
0 Vab -Tab >0

hvgp. i} N _
where g, = % and 2 = 0.01h2. Also C ), = % refers to the main

Pa +pp

speed of sound; P and a must be adjusted for each problem.

3.3.3 Density Filter

There are large oscillations of pressure in the particles pressure field because of the
acoustic waves exist in compressible fluid. Thus two orders of corrections available
are Shepard filter [49] and moving least squares [48-49]. The Shepard filter is used in
this study due to it has been corrected the density field easily and quickly. In this

density filter, its procedure is applied every m time steps (m~30):

m ~
prev =3, pp W, p—: = XpmpWy, (3-12)

where the corrected kernel function uses a zeroth-order:

7y, Wab
W, = —Wab__ 3-13
ab = s Wa D) (3-13)

3.3.4 Kernel Renormalization
It is necessary to correct the kernel function periodically when the SPH computes the
free surface problems. There are two methods to prevent errors from a kernel

function:
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3.3.4.1 Kernel Correction

This method was proposed by Liu et al. [52] in an alternative form and then was
developed by Bonet and Lok [50] and Vila [51]. Although the linear correction (the
first order correction) which modify the kernel function was described by Bonet and
Lok [50], a vector variable (E) that is constant correction and rather than the first
order correction, is also recommended by them.

mb—>
— W
_>_Zb pbfb ab

= 3.14
a b %Wab ( )

3.3.4.2 Kernel Gradient Correction

This modified kernel gradient should be applied to determine the forces in the
equation of motion in the place of kernel gradient vVIW ;, [50-51]:

VWap = L, VWap

Ly= M, (3-15)
Mg = Yp TZ—: ab X (Xq — Xp)

3.3.5 Time Stepping

Assume that the continuity (Eqg.3-4), momentum (Eq.3-5), position (Eq.3-8) and

energy (Eq.3-9) equations in the form:

% =D, (3-16-a)
% =F, (3-16-b)
% =V (3-16-c)
% =E, (3-16-d)

Four numerical algorithms to apply in SPHysics are predictor-corrector algorithm

[44], Verlet algorithm [53], Beeman algorithm [54] and Symplectic algorithm [43].
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In this study, the Symplectic algorithm is introduced as time stepping.The first of all,

the values of density and acceleration are estimated at the middle time step by:

1 At dp,"

P I p o T (3-17-2)
1 At dr "

ra Z=rt+ Py ;‘; (3-17-b)

where n refers to time step and t = nAt. Second, the velocity is calculated as:

1

dlwip:v:)" 2
(wipiv;) (3-18)
dt
The position of particles is estimated at the end of time step by:

L1

1 At d(wgpavy)” 2
(@ PV )"t = (wapava)n+2 +; ( aP;t a) (3-19-a)

1 At

r aTl+ 1 — raTH' 7 + ; vaTL+1 (3'19'b)

d n+1 . .
Also, pd“t is calculated by the updated values v**?1 and r**? at the end of the time

step.
3.3.6 Variable Time Step
Time step is controlled by the CFL, the viscous diffusion term and the forcing terms
[44]. Thus a variable time step is calculated by [22]:

At=0.3 min (At;, At,,) (3-20)
where At is based on the force per unit and At., is depend on the CFL and the

viscous diffusion term.
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3.3.7 Boundary Conditions

In SPHysics, a discrete set of boundary particles establish the boundaries which are
three types: Dynamic BCs [55-56], Repulsive BCs [21, 22, and 27] and Periodic
Open BCs are still under development.

3.3.7.1 Dynamic Boundary Conditions

In this method [55], boundary particles (BPs) follow the same equations of fluid
particles such as momentum equation (Eq.3-5), the continuity equation (Eq.3-4), the
equation of state (Eq.3-7) and energy equation (Eq.3-9). Some BPs can be as fixed
boundaries or they can move base on some externally imposed function such as wave
maker, moving objects .... According to equation (EQ.3-4), the density of the BPs
grows up when a fluid particle arrives a boundary. As a result, the pressure also
increases due to equation (Eq.3-7). Therefore, the imposed force on the fluid particle
raises base on the pressure term of momentum equation (Eq.3-5). Fig.3.1 shows the

schematics of dynamics boundary condition.

o
o
L
o
a2
[ o
Presszere >~ [ =>
—— e
ez o
< o
2n O
= SC: Simple Cubic
< <

Figure 3.1. Dynamic Boundary Conditions [57]

3.3.7.2 Repulsive Boundary Conditions

This method [21-22, 27] needs to know the position of the neighboring BPs i-1 and
i+1 as is shown in Fig.3.2. The force is exerted on the wall by water particle is given
by:

f=7 RWPEe(z, w) (3-21)
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where 71 denotes the normal to the boundary. R(y) is the repulsion function:

1 1-
R(y) =+ 0.01 ¢ % that q= % (3-22)
i—7 :> o =
i+—7 —— = o
=
ZO z BBC: Body centred Cubic

Figure 3.2. Repulsive Boundary Conditions [57]

where v is the perpendicular distance between wall and fluid particle and c¢; is the
sound speed of particle i. When a particle which experiences a constant repulsive

force moves parallel to the wall, the function P(&) is as follows:
P© -3 (1+ cos(E2)) (3-23)

Where Ab refers to the distance between two adjacent BPs, & denotes an estimate of
interpolation location on the line joining (chord) two adjacent BPs. Finally. The
value of the force depends on the velocity of normal fluid particle u and the
elevation z above SWL (d).

£ (z,u)=2(z) +&(u) (3-24)

where g(u) and &(z) are given by

0 u>0

e(u) =1 20| / g 120u] < ¢ (3-25)
1 120u| > ¢
0.02 z=0

S(Z) = |Z/h0| + 0.02 0>z=>—-d (3'26)
1 |z/d| > 1

21



Chapter 4

NUMERICAL SIMULATION OF OCEAN WAVES

4.1 Introduction

The ocean surface waves occur in the near to the surface of ocean and they can be
classified by height and period. This chapter reviews the ocean surface waves and
wind wave and then presents numerical modeling of ocean surface wave by last
version of SPHysics.

4.2 Basic Wave Theory

It is important to recognize different between the types of ocean waves. To meet this
goal, the characteristics of the wave should be studied. The two dimensional equation
of wave is given by [58]:

n =acos(kx —ot), k=2n/L , o =2n/T (4-1)
where 1 refers to water surface elevations above the SWL (still water level),

a denotes wave amplitude which equal half height of wave. Parameter k is wave
number and Character o refers to the angular frequency. L and T are the length wave
and wave period respectively (Fig. 4.1). Finally x is the space coordinate and t is

time. A summary of linear wave theory is shown in table 4.1.
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Figure 4.1. The parameters of the wave [60]

Table 4.1. Summary of the linear equations of waves [58]

Relative Shallow Water Transitional Water Deep Water
Depth d/L <120 120 <d/L <172 dL>112
Wave profile | Sameas Transitional Water | 1) = g cos[2kx —otT] = g cos® | Same as Transitional Water
i L L gT L gT
W H l == =—= o = R e —
ave celenty C = \/—g—d C = \/ﬁ =y tanh (kd) C=Cp 7 5
i T
Wavelength | L=T/gd=CT =2~ tanh (kd) L= Ly="—= T
Horizontal
water particle u=2 gd cos 6 u= 2 o M cos 6 u= i ek% cos 6
: 2 2 sinhkd T
velocity
Vertical water
: B2 _H sinhk(z-d) . _TH gz .
partlc.lc - [1+E] sin @ = 0— g sin® W e sin @
velocity
Horizontal
; H H hk(z+d 2
water particle ax=T” gdsin 6 a, =—0° L(z) sinf | a,=2H (E) e*? sin@
acceleration % St £
Vertical water
; 2 % H , sinhk(z+d 2
particle | a,=-2H (%) (1+d—)cos 8 =—g? %cos 6 | a=-2H (E) e*%cos 0
acceleration % sm d
Horizontal
water particle | €= o e cos B £=- 2 M sin O &=- gekz sin®
displacement i & (@l
Vertical water
: H H sinhk(z+d H
particle £= ;[1+ -(zi] cos 0 E=— = h(z ) cos 6 &= 3 e*? cos B
displacement % osnrkd
Subsurface B __coshk(z+d) _ jis
e P=pg(n-z) P=pgn———-pgz | P=pgne™-pgr
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According to wave characteristics, the ocean waves can be classified following Fig.
4.2. The total energy in a wave consists of the potential energy and the Kinetic
energy. The potential energy is generated by the free surface displacement and the

Kinetic energy is produced by moving of water particles.
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1

N
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Wave period
Figure 4.2. Types of wave [61]

4.3 Wave Breaking

The wave breaking phenomena occurs as the amplitude of the wave reaches a
maximum level. The wave breaking has large amounts of energy (wind energy) that
can be converted to turbulent kinetic energy. Generally, the wave breaking is
classified into four types on the sloping beach according to surf similarity parameter

(Fig. 4.3 and Table 4.2). The surf similarity parameter is given by [58-59]:

60 - — tanf (4_2)

H
Lo
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where tan 8 denotes the slope of the beach and LE refers to the ratio of the wave
0

height to length of wave for deep water.

I TTT
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Plunging Surging

Figure 4.3. Wave breaking types [60]

Table 4.2. Wave breaking types [58]

Breaking Type Surf Similarity Parameter
Spilling &.%0.5
Plunging 0.5<& <2.5
Plunging - Collapsing 2< E_o <2.6
Collapsing - Surging 2.5¢< E_o <3.4
Surging 3.4< io

For solitary waves, a dimensionless slope parameter was presented by Grilli et al.

[62] according to a horizontal length scale for length of deep water wave (L) :

S=1521 —

I

where s = tan ¢ and H,, = %- The breaking wave can be classified by S [62]:

(4-3)

e Spilling breaking: S < 0.025
e Plunging breaking: 0.025<S < 0.3

e surging breaking: 0.3<S < 0.37
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4.4 \Wave Generation

Using of a wave maker is classical method for generating waves in laboratory. There
are two types of wave maker to generate the waves: a flap type wave maker and a

piston type wave maker [63].

ok

Piston type Flap type

Figure 4.4. Two type of wave maker [63]

Generally, the displacement and velocity of the wave maker is defined by [63]:
Xp=x9+ 055, sin(at + 6) (4-4)
vp=0.50 S, cos(at + 0) (4-5)
The function of far field Biesel transfer for the piston type of wave maker is:

H 2sinh? (kd)
So _ sinh(kd) cosh(kd)+kd (4-6)

A/s
L aeteeteee. d=1.0m
25+ T d=0.8m
.............. d=0.6m
ul —_— d=0.4m
201+  gu—— d=0.2 m
1.5 5 So
1.0 - vl
|
0.5 S {
Frequency | :
o = = > | L

3.0 4.0 Hz

Figure 4.5. Far field Biesel transfer for the piston type of wave maker [63]
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4.5 Modeling of Breaking Wave on Sloping Beach

By considering a sloping beach according to Fig. 4.6 and using dimension slope
parameter, the breaking waves simulate for their three types and compare with Grilli

et al. results [62].

/A\

p
|

Figure 4.6. Geometry of the simulation of the wave breaking

In this case, the lengths of flat and inclined domains are 1 meter and 6 meter
respectively. Also slope of inclined plan (s) is different for each type of breaking

wave and will be 1:100, 1: 15 and 1:8.

Table 4.3. Numerical results for three types of breaking wave

s B H, S Type of breaking wave
1:100 0.573 0.6 0.0196 Spilling
1:15 3.814 0.6 0.1309 Plunging
1:8 7.125 0.3 0.3471 Surging
Table 4.4. Important parameters of wave maker
d(m) T(s) A (m) Type of
(SWL) | (Period of wave maker) | (amplitude of wave maker) [ breaking wave
0.2 15 0.1 Spilling
0.2 1.5 0.1 Plunging
0.2 15 0.05 Surging
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According to Eqg.4.3, the slope and dimensionless wave height factor are shown in
table 4.3. Moreover, the piston type of wave maker is selected and some important
parameters are given by table 4.4. The sequence of the spilling, plunging and surging
snapshots is presented in Figs. 4.7, 4.9 and 4.11. As shown in Figs. 4.6, 4.7, a
decreasing in size of jet occurs when the slope becomes smaller. In fact, the spilling
type is formed along the flat shores. Fig. 4.9 represents the simulation of plunging
breaker which has a curling top like Fig. 4.8. According to Fig. 4.10, surging breaker
takes place along high steep beaches and the wave crest does not curl over. Fig. 4.11
shows the surging simulation which follows the behavior of surging breaker. As a
result, there is a considerable similarity between the computational models and the

simulation of breaking waves by SPHysics
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Figure 4.7. Computational model of the spilling type (s=1:100 and

H,=0.6) [62]
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Figure 4.8. Simulation of the spilling type using SPHysics (s=1:100 and H;,:O.G)
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Figure 4.10. Simulation of the plunging type using SPHysics (s=1:15 and H;,:O.G)

30



||

| -

Illll[

1 Ay 1 L I LI |

Figure 4.11. Computational model of the surging type (s=1:8 and H,=0.3) [65]

FRAME=51
T

Xy

FRAME=55
T

Xy
FRAME=60

Eos

Xemy,

FRAME=62
T

Eoe

L s L L L
) Kl 2 3 a 5 &
X

Figure 4.12. Simulation of the surging type using SPHysics (s=1:8 and H;,:0.3)

31



4.6 Modeling of Ocean Waves

In this problem, the ocean waves are simulated by Serial SPHysics V2.2.1-2D for
different wave frequency and wave height and the elevation of water surface and
velocity of particle are evaluated. Moreover, total energy for each ocean wave which
consists of potential energy and kinetic energy is analyzed.

4.6.1 Geometry of Simulation

The geometry of a two dimensional numerical simulation is shown in Fig. 4.13.
According to this figure, the length of the flume is 20 meter and the water depth is
0.4 meter. A piston type of wave maker which has an initial position of paddle center

(x0), is located on the left and its length of paddle is 0.65 meter.

=)
©
S A, /‘//ﬂ/// S 0.8m
. _ _ __—__ ~ ‘“ " < " % W
Yy G < . R
2 U s S A A,
e
20 m

Figure 4.13. Geometry of the simulation of the ocean waves

4.6.2 Numerical Setup and Assumption

During the simulation, some numerical parameters such as speed of sound, CFL
number and time of simulation will be constant and follow by table 4.4.In this study,
the weakly compressible, the Dynamic BC and the Shepard will be as the equation of
state, the boundaries condition and the density filter respectively. Also the cubic-
spline kernel function which is the most commonly used kernel is chosen and time

stepping algorithm is Symplectic.

Table 4.5. Numerical parameters of the simulation of ocean wave

Coefficient of speed of sound 0.16
CFL Number 0.2
Maximum Time of simulation 10 second
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5.1 Introduction

This chapter is statement of observation, including the simulation figures of ocean
waves with different frequency and wave height, plots of water surface elevation and
velocity in the sub layers of the still water level and graphs of total energy for each

wave. In addition, the comparison between four different simulated waves is

presented.

5.2 Simulations of Ocean Surface Waves
In this study, the simulation of ocean waves is carried out for different four cases
which make with different periods and amplitudes of wave maker as shown in table

5.1. The behavior of wave propagation for the different cases of simulation is

Chapter 5

RESULTS AND DISCUSSION

depicted in Figs.5.1-5.4.

Table 5.1. Four cases of simulation of waves

case Period of wave maker (S) | Amplitude of wave maker (m)
1 1 0.25
2 2 0.25
3 1 0.125
4 2 0.125
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Figure 5.1. Simulation of the wave with T=1s and A=0.25m (casel)
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Figure 5.2. Simulation of the wave with T=2s and A=0.25m (case2)
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Figure 5.3. Simulation of the wave with T=1s and A=0.125m (case3)
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Figure 5.4. Simulation of the wave with T=2s and A=0.125m (case4)
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5.3 Discussion of Results

The desired data such as water surface elevation and particle velocity are recorded at
five locations to compare between the different four cases of simulated wave. The
aim of this comparison is finding the largest wave and predict a desired position
where will be optimum to generate power. The different points are represented in

Fig.5.5.

0.8

06

Z(m)

0.4F

02

0 2 4 6 8 10 12 14 15 16 18 20

X(m)
Figure 5.5. Four different locations for comparison between the four cases

5.3.1 Water Surface Elevation

The water surface elevation computed for the four various waves at five different
locations during the wave propagation are shown in Figs.5.6-5.10 which are plotted
by Matlab. Fig.5.6 compares wave height of the four different simulated cases for the
closest particle to the wave maker. As the plot shows, the case 1 has maximum initial
wave height in comparison with other cases due to lower period of wave maker and
consequently a higher wave maker frequency. According to Fig.4.5, increasing the
frequency results in an increasing the ratio of height wave to stroke of wave paddle.
However, this enhancement is applicable as the frequency is less than 2 Hz. In
addition Fig.5.6 indicates that an irregular flow is created on the free surface by the
wave which has the initial highest height wave after wave breaking. Fig.5.7 depicts

the wave of case 2 has maximum the wave height in comparison with other cases at
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x=2. Also it can be seen that, although the case 4 was generated with minimum
height wave initially, but it has the second rank in height wave now. This can be due
to the fact that, there was no irregularity and breaking wave before the new waves is
generated. In Fig.5.8, although the case 2 does not meet the maximum level at x=4m,
but it has been the first rank in the wave height because of the amplitude of its wave
maker is higher than case 4 in the same period. As shown in Figs.5.9-5.10, the wave
of case 2 propagates with the highest height of wave at x=8m and x=15m.The wave
of case 1 is larger than the wave of case 3 due to the case 1 created with the higher
amplitude than the case 3 in the same period. As a result, the largest waves are case 2
the highest period (T=2s) and amplitude (A=0. 25m) of wave maker, case 4, case 1
and case 3 which generated with the lowest period (T=1s) and amplitude

(A=0.125m) of wave maker respectively.
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Figure 5.6. Comparison between water surface elevations of four waves at the closest
particle to the wave maker
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Figure 5.7. Comparison between water surface elevations of four waves at x=2
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Figure 5.8. Comparison between water surface elevations of four waves at x=4
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Figure 5.10. Comparison between water surface elevations of four cases of waves at
x=15

5.3.2 Horizontal Particle Velocity

The Particle velocity in x direction of four various waves at different location can be
plotted to compare kinematics. Fig.5.11, shows the horizontal velocity of the particle
where located at the nearest to the wave maker on the free surface. In this case, two
waves which created with less period (T=1s), have higher magnitude of velocity and
also their behavior are highly irregular. Figs 5.12-5.15, represent the comparison the
horizontal particle velocity between four waves at x=2m, x=4m, x=8m and x=15m
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respectively on the free water surface. Figs 5.12-5.15 indicate that the case 2 and 4
have the higher horizontal particle velocity due to the case 2 and 4 have higher wave

height.

25 T T T

u (mfs)

t(s)
Figure 5.11. Comparison between horizontal particle velocity of four waves at
(x,2)= (the closest particle to the wave maker, free surface)

t(s)
Figure 5.12. Comparison between horizontal particle velocity of four waves at
(x,2)= (2m,free surface)
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Figure 5.13. Comparison between horizontal particle velocity of four waves at
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Figure 5.14. Comparison between horizontal particle velocity of four waves at
(x,2)= (8m,free surface)
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Figure 5.15. Comparison between horizontal particle velocity of four waves at
(x,2)= (15m,free surface)

Moreover, the horizontal wave velocity in the two sub layers of the still water level
where located 0.19 meter below the free surface and 0.09 meter above the bottom,
are shown by Fig 5.16-5.25. As the Figs. 5.16 and 5.17 indicate the case 1 has the
highest magnitude of velocity due to the behavior of this wave is chaotic in both of
sub layers. Fig 5.18 and 5.19 shows this irregularity has been existed by case 1 at
x=2. Also the velocity of case 1 increases after seventh second as z=0.19m below the
free surface and after sixth second as z=0.09 m above the bottom. Figs 5.20-5.25
represent the comparison the horizontal particle velocity between four waves at
x=4m, x=8m and x=15m respectively in both sub layers. According to Figs 5.20-
5.25, the horizontal particle velocity of case 2 and case 4 which generated by higher
period of wave maker are greater than the horizontal particle velocity of case 1 and 3;

however the magnitude of their velocity are less than 0.4 m/s.
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Figure 5.16. Comparison between horizontal particle velocity of four waves at
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Figure 5.17. Comparison between horizontal particle velocity of four waves at
(x,z)= (the closest particle to the wave maker, 0.09 meter above the bottom)
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Figure 5.19. Comparison between horizontal particle velocity of four waves at
(x,2)= (2m, 0.09 meter above the bottom)
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Figure 5.20. Comparison between horizontal particle velocity of four waves at
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Figure 5.21. Comparison between horizontal particle velocity of four waves at
(x,2)= (4m, 0.09 meter above the bottom)
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Figure 5.25. Comparison between horizontal particle velocity of four waves at
(x,2)= (15m, 0.09 meter above the bottom)

5.3.3 Vertical Particle Velocity

The Particle velocity in z direction of four various waves at different location are
shown in Figs 5.26-5.30. Fig.5.26 illustrates that the vertical particle velocity of case
1 is erratic at the nearest to the wave maker on the free surface and it hit a peak
before first second. Fig 5.27 shows that case 2 has the highest magnitude of velocity

and also its behavior are highly irregular at x=2m. Figs 5.28-5.30 indicate that the
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vertical particle velocity of cases 2 and 4 are greater due to the case 2 and 4
generated with higher period and also they have the greater wave height at x=4m,

Xx=8m and x=15m.
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Figure 5.26. Comparison between vertical particle velocity of four waves at
(x,z)= (the closest particle to the wave maker, free surface)
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Figure 5.27. Comparison between vertical particle velocity of four waves at
(X,2)= (2m, free surface)
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Figure 5.29. Comparison between vertical particle velocity of four waves at
(x,2)= (8m, free surface)
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Figure 5.30. Comparison between horizontal particle velocity of four waves at
(X,z)= (15m, free surface)

Similar to the horizontal particle velocity, the velocity of particle in z direction are
plotted by Fig5.31-5.40 to compare vertical velocity of particle where located in sub
layers where are 0.19 meter below the free surface and 0.09 meter above the bottom
at x= 2m, x=4m, x=8m and x=15m. Generally speaking, these graphs illustrate that
the magnitude of vertical particle velocity is decreasing as the position of sub layer is
close to bottom except case 1 which is irregular at the nearest to the wave maker on
the free surface. In addition the waves which generated with less period of wave
maker such as cases 1 and 3 have greater vertical particle velocity. Also the
amplitude of wave maker plays an important role in this case. For example, although
the vertical particle velocity of cases 1 and 3 is greater but these magnitudes
plummet after 4 meter and 2 meter downstream of the wave maker respectively in

the both of sub layers.
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Figure 5.34. Comparison between vertical particle velocity of four waves at
(x,2)= (2m, 0.09 meter above the bottom)
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Figure 5.36. Comparison between vertical particle velocity of four waves at
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Figure 5.37. Comparison between vertical particle velocity of four waves at
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Figure 5.38. Comparison between vertical particle velocity of four waves at
(x,2)= (8m, 0.09 meter above the bottom)
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(x,2)= (15m, 0.09 meter above the bottom)

5.3.4 Total Energy

The summation of kinetic energy which produced by moving of water particles and
potential energy which created by the free surface displacement will be total energy
in a wave. Fig 5.41-5.42 represents kinetic energy and potential energy of fluid
particles for all simulated cases. In both Figs 5.41-5.42, case 1 which generated with

lower period (T=1s) and higher amplitude (A=0.25m) of wave maker has the most
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kinetic and potential energy and consequently maximum total energy. Case 2 which
created with higher period (T=2s) and higher amplitude (A=0.25m) of wave maker is
located the second rank. However, kinetic and potential energy of Case 3 more than
case4 until sixth second but kinetic and potential energy of case 4 is increasing more
than case 3 after sixth second. Fig 5.43 shows Comparison between total energy of
four waves. As result, total energy is increased by rising amplitude of wave maker

and decreeing of wave maker period.
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Figure 5.41. Comparison between kinetic energy of four waves
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Chapter 6

CONCLUSION AND FUTURE STUDY

6.1 Conclusion

This study has presented the numerical method to simulate the ocean wave as free
surface phenomena. The focus on producing electricity from the ocean wave and
marine current is a significant area of research. The numerical simulation provides a
popular and proper way to understand flowing fluid behavior and floating devices. In
this study, the smoothed particle hydrodynamics introduced as a mesh free method
to model ocean waves. However, there are some disadvantages in numerical
simulation with smoothed particle (SPH) method, thanks to the benefits of mesh less
method, it can recommend to researchers for simulating free surface flow phenomena
such as ocean wave and marine currents. The methodology named SPHysics which
follows smoothed particle hydrodynamics formulation was studied and tested for
modeling three types of the wave breaking. Then four various waves which
generated by different period and amplitude of the piston type wave maker were
modeled. Moreover, the water surface elevation at four points plotted. As a result, the
height of wave depends on the frequency and stroke of wave maker. In addition, the
horizontal and vertical velocities of particle where located 0.19 meter below the free
surface and 0.09 meter above the bottom are analyzed. The results showed that the
particle velocity was increasing by irregularity and rising height of wave and
reduction in wave period. Also the magnitude of vertical particle velocity was

decreasing as the position of sub layer was close to bottom. Finally, kinetic energy
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which produced by moving of water particles and potential energy which created by
the free surface displacement and total energy which is summation of kinetic and
potential energy were examined. It was found when the amplitude of wave maker

increases and the wave period decreases, total energy will increase.
6.2 Future Study

In this work, all the simulated cases were two dimensional and It is recommended to
they can be executed by a 3D modeling and the new version of SPHysics called
DualSPHYysics. Moreover, it is good to compare simulation results with experimental
results for observation of water behavior. In addition, it was assumed that the state
equation of fluid is the weakly compressible. According to the SPHysics, an
incompressible SPH code can be programmed and the new code applies in free

surface phenomena problems.
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