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Abstract

In the spectrum of waves at sea, the waves induced by winds are the most
obvious and usually the most important waves. Given the limited amount of
knowledge on the mathematical modelling of the wind induced wave in lake or
shallow water depth, considered to this point. The current study adopted a
mathematical model to represent the waves generated by the wind in the Najaf sea
depression and test the optimal place to choose a mitigation structure to disperse

waves energy.

A numerical model based on unstructured mesh is proposed to predicate and
visualize wave conditions. MIKE21 spectral model base on mass balance equation
had been used as a numerical tool to find the optimal location of mitigation structures
to dissipation the wave energy near the neighbor structures. The amount of variation
between the simulated wave heights and those calculated using an empirical
equation is less than 9%. Three schemes for breakwater were tested to find the
optimal location and orientation of breakwater. The results showed that the three
schemes used for the breakwater gave varying results, both depending on its location
and characteristics. The first scheme gave a covering area approaching 1.19 km?,
and the second scheme gave approximately 0.889 km?, and third scheme gave a
covering area 1.11 km?. The study showed that the wave heights at the upstream and
downstream were measured after the breakwater had been constructed, and they
were found to be between 0.35 and 0.7 m. This implies a decrease of around 40% to
60% in comparison to the original heights of 1.25 to 0.9 m. All of these schemes are
good to a certain extent in dispersing the energy by breaking the single pattern of the
wave at rates that may reach 50% of the height of the arriving wave, the first scenario

was the best and most efficient in terms of energy dispersion.



Another part of research, hydraulic performance of the new shape of
breakwaters was investigated through a laboratory study supported by a numerical
mathematical model CFD to examine the different model shapes cross section

depending on the transmissions wave coefficient Ct.

In order to stabilize the incident wave Hi with the same characteristics, waves
were defined through the UDF file for CFD model. To investigate the performance
of breakwaters base on energy dissipations, different models were tested under
various wave condition, water depth, and relative submerged depth. Result of this
study are showed that the transmission coefficient is increased with an increase of
incident wave high for all type of breakwater model, and for all models of
breakwater, transmission wave height (H;) are increased with an increased relative
submerged depth (Hs/Hi). The highest value for energy dissipations (1 - C;) % are
received for zero submerged depth in model of sloped steps model (M2) is 80 %.
Ansys Fluent solver are adopted to modelling the transit flow condition with
dynamic mesh to represent the flap motion type to generate wave. Numerical beach
plays an important role in CFD model to prevent the reflection wave in lee side of
breakwater and represent the absorbing shoreline. 240 grid per wave length are
selected for mesh independent solution and make an acceptable comparison with an

experiment.

II
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Chapter One
Introduction

1.10verview

Surface waves, are one of the most important natural phenomena that have
been and still interest to researchers in marine science. The study of this subject is
not easy at all, due to the complex formation of this phenomenon through the
multiplicity of sources (wind, tides, and tsunami) generate waves, as well as the
environment that contains them (bathymetry of region, fetch limit, prevailing winds
and climate of region). The wind speed and duration are often the primary variables
restricting wave development along open coasts. The fetch length is another factor
that often limits wave generation for an enclosed body of water, such a small lake,

reservoir or estuary, Figure (1.1).

In fact, it is possible to say that it is impossible to obtain a surface of water that
is exposed to atmospheric pressure and that there are no waves on its surface. (Dean

and Dalrymple 1991)

i Changing to
Ripples to chop Fully (;Z\;IOped o

Direction of
wave advance

=

© 2002 Brooks/Cole
a division of Thomson Learning, Inc.

Figure (1.1) Basic definition of wave field (Garrison, 2014)
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The wave movement may lead to damage to marine installations or buildings
and roads adjacent to the borders of the sea or the ocean. Therefore, the boundary
between land and water must be studied in deep because of its impact on the basic
considerations for designing a facility adjacent to these areas. Because of this, it is
challenging to represent system dynamics and phenomena along coasts using

numerical models, making accurate wave model implementation necessary, (Rusu,

2011).
1.2 Description of Study Area (Depression Najaf-Sea)

One of Iraq's historic low water bodies is the Bahr Annajaf depression, figure
(1.2). It is regarded as a natural lake and is situated in the southwest of the Al-Najaf
city Centre. Due to influx, precipitation, and seasonal weather changes, that area
fluctuated between increases and decreases of water level. The area is classified as
a desert where water levels rise throughout the winter owing to increasing rainfall

and wind speed in weather station near the region (Omran, et al., 2014).

P8
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Figure (1.2) Old map to Najaf sea dated back to 1885 (BISI Webinar)



Introduction Chapter one

The high-water level in the lake, in addition to the high wind speed recorded by
the weather station (Shbicha Station), leads to the generation of waves of heights

that may lead to damage to the coastal areas adjacent to the lake.

Figure (1.3), demonstrates some areas that are exposed to the influence of high
spectral waves which leads to coastal erosion near Al-Maamel Street that classified

as a commercially active area for transporting goods to the city of Najaf.
1.3. Computational Fluid Dynamic Model

Computational Fluid Dynamics (CFD) is a powerful tool for modeling the
motion of liquids and gases which is used in many different applications, including
wave modeling and marina applications. This technology was first used to model
offshore waves in the 1980s. The aim was to improve our understanding of the
interaction between water and air, and the effects interaction of waves on marine
structures. CFD technology has been widely used in the marine and coastline to

improve design performance and increase safety at near sea structures.

Proposed Breakwater

Zone to be protected

Figure (1.3) Selected region in study area shows damage causes by wind wave



Introduction Chapter one

In the current study, the CFD technique was adopted to model and analyze a
mathematical model for study area (full-scale model) depression of Najaf sea, with
reliance on bathymetry and winds field data for a period of not less than 30 years.

Weather data close to the study area were collected from Shbicha gauge station.

The worst possible scenarios were represented by the highest wind speed
(Return Period 10, 25, 50 years) recorded in order to design a mitigation structure
(breakwater) that is able to dissipated the highest significant wave it could happen
even once in 50 years. Physical model was prepared to examine the different
breakwater cross section an addition to the adapted new shape (modified slopped

steps breakwater).
1.4 Objective of Present Work:
The study intends to achieve the following main goal:

e Propose the optimum location of Breakwater according to many schemes tested

based on worst conditions of spectral wave.
This objective is achieved through the following finding:

1. Build a mathematical full-scale model of depression Najaf-sea to study the wind
induced waves for different conditions based on computational fluid dynamic
model.

2. Build a Bathymetric map for study area and validated through measured data

3. Examine the CFD model through prepared experimental work for different cross
section of breakwater.

4. Propose a new shape or compound Breakwater (modified slopped steps) model
to investigate the performance on dissipations of wave energy in land side of

Breakwater.



Introduction Chapter one

1.5 Assumption and Limitations
Some of limitations and assumption are adopted in present work:

e Spectral wind wave is the major sources for wave propagate of study reach

e Breakwater proposed with crest level identical with mean sea level

e The model is based on the solution of the 2-dimensional incompressible
Reynolds averaged Navier-Stokes equations, subject to the assumptions of
Boussinesq and of a hydrostatic pressure.

e Depth-induced breaking occurs when waves propagate into very shallow areas.
1.6 Methodology of thesis

The current thesis is organized into a total of seven chapters, with the
introductory chapter being the first. Chapter two includes theories and literature
review concern about wind induced wave modeling bases on wave transmission
coefficients. Chapter three introduces experimental work to examine the
performance of different breakwater shapes and validation of CFD model. Chapter
four introduces of CFD modelling used in the current study (MIKE21 for large scale
model and ANSYS Fluent for experimental simulation). Chapter five discusses the
results of experimental and CFD model. Chapter six describes the study area (case
study) depression of Annajaf sea and demonstrated the numerical model for
implantation of case study for different scheme of breakwater location and proposes
cross section. Chapter seven present the conclusions concern about wave water

model and future work recommendations.
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Chapter Two
Wave Principles and Literature Review

2.1 Introduction

In this part of study, the theoretical bases governing water wave, their types,
and the causes of their occurrence will be discussed in a simplified manner. Since
the topic is related to waves and their impact on the environment that incubates them.
It is necessary to clearly refer to energy dispersal facilities (mitigation structures of
various types) and touch on new methods in this topic and indicate what is important

and needs to be studied deeply.

The other part of this chapter, will deal with the previous historical studies of
the wave modeling, and on the other hand, will deal with the studies that concerned
the calculation of the transmission Coefficient (C;) of waves as an important criterion
for determining the efficiency of dispersion installations of various types and

functions of mitigation structures.
2.2 Waves

Waves represent a significant natural phenomenon that exerts its influence on
coastal region. According to (Krogstad and Arntsen ,2003), waves are

characterized by variations in water elevation across both space and time, Figure

2.1).
WAVE CREST \
4— WAVE LENGTH —p

SEALEVEL = =ffm = m = mm = m m 2 = = m om g == o= o=

~AMPLITUDE

TWAVE TROUGH

Figure (2.1) Basic parameters of wave, Lin, P. (2008)



Chapter Two Wave Principles and Literature Review

Linear wave theory is the most basic method of explaining waves. According
to (Krogstad and Arntsen ,2003), linear wave theory involves a reduction in

complexity where by waves are represented in a sinusoidal form, Equation (2.1).
n=n(t)=-costkx—wt) . @.1)

Where: H represent height of wave, L length of wave, k employs the wave number,
w 1s the angular wave frequency, 7 i1s the water elevation from static water level, t

represent time, and x employs the distance. Figure (2.2) shows liner wave parameters

. . N
™x, 1) ‘
/Eth ta
- 5 h% '
Y
T Trough

Figure (2.2) liner wave parameters (Rafael et al ,2014)

There are many distinct kinds of waves, including wind, tidal, tsunami, and
other sorts. These waves are produced by several physical processes. Wind waves
are the most prevalent form and are the wind created during a storm. Wind blowing
across a region causes these kinds of waves to form. Fetch extent, speed of spectral
winds, and duration represented the most effected factors that developed this type of

wave characteristics, (Kamphuis, 2020).
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2.2.1 Wind Induced-Waves

Surface gravity waves, sometimes referred to as wind-generated waves, arise
from the interaction between wind and the momentum of the water surface.
According to Roelvink and Reniers (2012), this momentum results from wind-
induced pressure fluctuations on the water's surface. The conversion of wind energy
into wave energy occurs as a result of the wind's influence. When the wind
disappears, the waves will continue in their motion until they strike an obstruction
or reach a region of reduced water depth, finally culminating in their arrival to the

shoreline., Figure (2.3).

Wind induced-waves may reach huge size. The warship USS Ramapo observed
significant wave activity during her Pacific Ocean trip in 1935, with wave heights

reaching a reported value of 34 meters, (Garrison,2014).
2.2.2 Waves in deep and shallow water

Waves in the deep water are typically characterized by their irregularity and
encompass a diverse range of height, lengths, and wave periods. Waves propagating
in water with a depth that exceeds fifty percent their wavelength are often referred

to as deep water waves, Figure (2.4).

The circumstances vary when it comes to wind-generated waves in proximity
to the shoreline. The close closeness to the ocean floor causes the orbits of water
molecules in shallow water waves to become more flattened. The water located just
above the bottom lacks the ability to circulate in a circular trajectory, being limited
to only forward and backward movements. Shallow-water waves refer to waves that
occur in water with a depth less than 1/20 of their original wavelength,

(Garrison,2014).
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In a broad sense, it may be seen that wave energy tends to propagate at a more rapid
rate across water when the wavelength is longer. The connection for deep-water

waves may be expressed using the following formula:
c=L/T (2.2)
C: Refer to wave speed (L/T), length of wave L, and T is time, or period (seconds).

The velocity of shallow-water waves may be mathematically expressed using an

alternative equation.

C=,gd or C=31d . (2.3)

Where: C is speed (in meters per second), g is the acceleration due to gravity, and d

is the depth of the water (in meters) where wave is happening. Lin, P. (2008)

U,, Mean Wind velocity profile Atmosphere
1) Pressure fluctuations 2) Shear instability
Wave propagation P () P()
Pl - e -

Sea level at rest \

Fluctuation of sea surface

Ocean

Figure (2.3) Pressure fluctuations of sea water surface. Lin, P. (2008)
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Figure (2.4) Classification of waves progressive depends on depth of water

(Garrison,2014).

2.2.3 Factor developing wind waves

Three elements impact wind wave growth, energy transmission from air to sea

requires the wind to be quicker than the wave crests, hence wind wave growth

depends on wind speed, wind duration represent another factor. The fetch is the third

component which represent the distance that the wind blows without changing

direction, Figure (2.5).

2.2.4 Wind wave in closed region (Lakes)

As mentioned previously, the waves generated in open region are mainly

controlled by the wind speed and its duration. As for closed region such as lakes and

depressions, some considerations must present wave progressive that are restricted

by length of fitch (L), Figure (2.6)
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According to Pickrill , findings in 1985, it can be inferred that limited fetch
environments have the ability to produce waves that are small, possess a short period
and low energy. These waves are typically steeper and more erosive in nature. Due
to their constrictive size, lakes are also unable to develop swell waves as there is not

enough space for wave dispersion to occur across. (Mathewson,2011)

Primary Wind
. Direction

Figure (2.6) Sketch to visualized fetch length and direction in lake
(Garrison,2014).
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2.2.5 Seiche Phenomenon

The Seiche phenomenon was first studied in Switzerland’s Lake Geneva by
18th-century researchers curious about the fluctuation of water levels near the
extremities of elongated and narrow lakes in response to windstorms occurs
periodically. The wave in question is often referred to as a standing wave due to its
vertical oscillation without any noticeable horizontal displacement. The following
Figure (2.7), represent a graph of a seiche in Lake Erie. Strong westerly winds in
November 2003 caused a Seiche with more than 4 meters (13 feet) of difference in

water level from Toledo on the western end of the lake to Buffalo on the eastern end.

(Garrison,2014).

175
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Lake Erie water level (meters above sea level)
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b Date

Figure (2.7) Water level fluctuation in Lake Erie cause by Seiche phenomenon.

Garrison, (2014).
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2.2.6 Spectral Description

Reliance on deterministic wave data representation, spectral description of
wave climate is adopted. Spectral description uses statistical factors to indicate sea
condition in a place. Upon observing an irregular sea, it can be observed that it is
comprised of multiple sinusoidal waves exhibiting varying wave heights and wave

periods. (Krogstad and Arntsen, 2003).

Equation (2.4) represents the water surface elevation resulting from the
superposition of sinusoidal waves. The amplitude of each wave is represented by a,,
while wave parameters K, and . are dependent on their respective period and

wavelength.

N
n(x,t) = z ) a, cos(wnt_knx_q)n) ....... (2.4)
=

The equation (2.4) can presented in term of energy in equation (2.5) below

E=pg vem) = [(y&O&*k (2.5)

The determination of the wave spectrum necessitates the consideration of the
wave energy E, which is denoted as in equation (2.5). The variables in the equation
are as follows: p denotes the density of water, g represents the force of gravity, n
signifies the surface elevation, and ¥ pertains to the density of waves that correspond
to different values of k, where k is equal to 2n/L. The aforementioned equation is

attributed to, (Krogstad and Arntsen 2003).

The energy spectrum can be determined by Equation (2.5), wherein the energy
is a function of the frequency. The frequency of a wave is influenced upon both its

wavelength and amplitude. Long and high amplitude waves are associated with

13
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lower frequencies, whereas short and small amplitude waves are associated with

higher frequency concentration in the spectrum.
2.2.7 Wave Energy

Wave energy is a significant factor that affects coastal environments. Coastal
processes are a result of the energy generated by waves and the cumulative impact

of wave energy on the shoreline.

Equations 2.6 and 2.7, as presented by Kamphuis (2010) , Roelvink and Reniers
(2012) respectively refer to the energy conservation equation and its application in

the context of waves.

A-(ECg)=0 (2.6)
%w L 9 (g ¢ om)) + > (E. Cqgsin(6,)) = -D. —D 2.7
B 1 2 (E,,C, cos(8m)) + 2 (EyCg sin(Bn)) = =Dy = Dy ..... (2.7)
_1 2
E, = ngHrms ......... (2.8)

Equation (2.7) is related to the wave energy, denoted as Ew, and its dependence
on H,,s as demonstrated in Equation (2.8). The energy velocity is represented by Cg,
while 6,, denotes the mean wave direction. Additionally, Dw signifies the wave
energy dissipation caused by breaking waves, and Df represents the bottom friction.
The energy, Ew, is expressed in Equation (2.8), where p denotes the water density,

g represents gravity, and H,, signifies the root-mean-square wave height.
2.2.8 Wave Transformation

The waves that develop from an offshore location exhibit weakly non-linear
behavior and can be adequately characterized using linear wave theory due to their
weakly non-linear nature. When waves are subject to nonlinear properties,

alternative theories must be employed and the characteristics of the waves undergo
14
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modification. This phenomenon is commonly referred to as wave transformation.
The equations of wave transformation demonstrate changes in the behavior of
waves, which can be attributed to the principle of energy conservation in waves
(Kamphuis, 2010). The principle of energy conservation is involved in modifying
the direction of waves as described by the wave propagation equation presented in

equation (2.8).

Vxk=0 (2.9)
Vv-(ECg)=0 (2.10)
K: represent wave number vector, which specifies the direction of the waves.

E: represents the energy flux, while Cg, which is equivalent to the product of n and
C, Here, n represents the group velocity parameter, while C signifies the velocity of

propagation.

Equations 2.9 and 2.10 facilitate the derivation of distinct wave transformations.
E =§ng2 .......... 2.11)

Figure (2.8) demonstrate the orbital motion of water particles in transition zone,
and five stages are used to described the wave transformation according to

(Garrison,2014):

1: referee to the phenomenon of wave swell is detected to the ocean floor when the

depth of the water is less than half of the wavelength.

2: referee to the crests of waves are observed to become peaked due to the

concentration of the wave's energy in a reduced water depth.

3: The circular wave motion is subject to a constraint due to its interaction with the

ocean floor, which results in a reduction of its velocity. However, the waves

15
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following it continue to propagate at their initial speed. Consequently, the

wavelength undergoes a reduction, while the period remains constant.
4: The wave is nearing the critical ratio of 1:7 between its height and wavelength.

5: The phenomenon of wave breaking occurs at a critical point where the proportion

of wave height to water depth reaches approximately 3:4.

Depth = 1/2 wavelangth

Surf zone

Figure (2.8) Wave transformation, (. the color red indicates the motion of water

particle. (Garrison,2014)

2.2.9 Shoaling

Shoaling refers to the phenomenon in which the amplitude of waves rises when
they encounter shallower water depths. The connection between wave height and
sea depth is described by the shoaling equation (2.12), which is derived from the

conservation of energy equation (2.11).

Hy _ e
H—l_\/;cz ......... (2.12)

2.2.10 Wave Refraction

Refraction refers to the alteration in the direction of waves as they approach the

shoreline. When waves impinge against the coastline at an oblique angle, the
16



Chapter Two Wave Principles and Literature Review

phenomenon of refraction occurs simultaneously with shoaling. The interaction
between the waves and the ocean floor causes a modification in the direction of the
wave crest, resulting in a more direct approach towards the shoreline. The
phenomenon that occurs is that as waves propagate towards a shallow region, their
velocity diminishes due to the dissipation of energy resulting from interaction with
the seabed. The bending of the wave crest results in its alignment parallel to the

contours of the bottom.

Equation (2.13) represented the refraction wave parameters, where n represent

the group velocity parameters and C is velocity of propagation

He _ |ma by
= /nZCZ\/b: .......... (2.13)

Figure (2.9) Parameters of wave refraction, Garrison, (2014)
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2.2.11 Waves Breaking

The shoaling effect leads to an increase in wave height as waves propagate into
shallow water. Ultimately, the waves will attain the threshold steepness and start the

process of breaking.

The process of wave breaking initiates the conversion of wave energy into
turbulence and water movement. The breaking waves exhibit various forms of

breaking, including surging, collapsing, plunging, and spilling. Galvin (2016)

Equation (2.14), describes the breaking circumstances.

Hb 2w dp
= =0.14tan h( - ) ....... (2.14)

Where: Hy is the height breaking wave, Ly, is the length breaking wave and dy is the

water depth for the corresponding wave height and wavelength”.
2.2.12 Transmission Coefficients (Ct)

One of the most important physical expressions that can be relied on in the
process of evaluating the performance of the Breakwater in dispersion of energy is
the Transmission coefficients, which represents the ratio between the value of the
transient wave Ht and the incident wave Hi as shown in the figure (2.10) and
equation (2.15).

Ht
ct=— (2.15)

Where: H; represented incident wave height, H; represented transmission wave

height and Ct transmission coefficient.

Many researchers in this field considered that the use of this expression can be

adopted in assessing the performance of the breakwater for energy dispersion.

18
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Figure (2.10) Transmission coefficient of wave parameters, Galvin (2016)
2.2.13 Iribarren Number

Among the most significant term when studying coastal engineering and
determinants of wave breaking is the Iribarren Fraction, which is known as the
self-similarity-Parameter. Battjies (1974), gives a mathematical expression (2.15)
to a relation that gives an impression of the behavior of the wave before it starts

breaking.

tan a

60_\/5—0 .......

2.3 Shallow Water Equations

One of the most important equations that describe the behavior of the wave in
coastal areas or areas where the water depth begins to recede is the shallow water
equation, this equation is derived from the famous Navier Stock Equation. Its applied
for two-dimensional or three-dimensional problems and is considered one of the
partial differential equations that describe the behavior of a free surface fluid flow
taking into account turbulence, velocity and pressure. The following equation (2.15),

(2.16), (2.17) demonstrated the equation of shallow water:
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dpu dpu dpu dpu doxx . Odtxy , 0txz Op
u v w — Jcorpv = -

ot + O0x + dy + 0z f p ( 0x + dy + 0z 0x

dpv dpv dpv dpv doy drtyy , dtyx Op
u v w corpu = -

at + O0x + dy + 0z +f p ( 0x + dy + 0z dy

dpw dpw dpw dpw (aayx Jtyy , dtyx ap)

— T U— T V— T W = - -

at + 0x + ay + 0z O0x dy + 0z dy PY

Equation (2.18) represent mass balance.

oPu
+, =0

dpv
dy

dp . dpu
at 0x

.....

(2.15)

(2.16)

......

.......

X, y, and z represent velocity in cartesian coordinate system denoted as u, v, and w.

p, 6 denoted the water density, normal stress respectively. T denoted shear stress

related to the viscosity, p is the pressure and force is the Coriolis force. Figure (2.11)

shows three-dimensional fluid element with all forces applied.

The four-equation mention are vailed for three dimensional and two-dimensional

flow and applied for solved hydrodynamic coastal zone using numerical modeling

analysis. Lin, P. (2008)
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Figure (2.11) Three-dimensional element with all forces, Lin P. (2008)
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2.4 Theory of Stokes Wave

The proposal of water particles moving in circular orbits as waves pass through
them was put forth by Sir George Gabriel Stokes in 1847. According to this theory
the crests of waves become gradually sharper and flatter as their amplitude increases
or their water depth decreases. Although liner wave theory become inacceptable for
described the wave characteristic or less accurate to described wave. Another
description, the Stoke wave theory is a mathematical model that describes the

behavior of ocean waves.

Le Mehautes (1976) study, an examination was conducted to assess the
validity of multiple theories pertaining to periodic water waves. Figure (2.12)
demonstrated the different theories described the wave height according to water
depth. The region colored in light blue represents the range within which conidial
wave theory is applicable. Similarly, the light-yellow area corresponds to the range
of validity for Airy wave theory. The dashed blue lines serve as boundaries
indicating the necessary order for Stokes' wave theory. The light-gray shading

represents this range extension.
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Figure (2.12) Validity of water wave theories . Garrison ,(2014).

21



Chapter Two Wave Principles and Literature Review

2.5 Numerical Wave Modeling

Numerical wave modeling is a methodology employed to replicate the dynamics
of oceanic waves through the utilization of mathematical equations and computer-
based simulations. The process entails decomposing the intricate behavior of ocean
waves into more manageable constituents that can be represented and analyzed

through numerical techniques.
2.5.1.1 Spectral Wave Modeling (MIKE 21) DHI

Wave climates at offshore and coastal places may be estimated with the help of
DHI (Denmark Hydraulic Institute), Water and Environment's MIKE 21 SW spectral
wind-wave model. It promotes the development, degradation, and modification of
wind-generated waves and swells in offshore and coastal regions. Because exact
wave load estimates are critical for both safety and economic reasons, it is

extensively used in the construction of offshore, coastal, and portal buildings.

The three primary computational procedures for computing wave fields are the
energy balance equation, the mild slope equation, and the Boussinesq equation.
Because of the physical assumptions made, each approach has a limited applicability
range. An effective mathematical model for describing the motion and distortion of
coastal waves is the Mild slope equation. Nevertheless, it is not appropriate for
complicated settings with quick topographical changes because of its challenging
analytical solution, demanding processing needs, and absence of white wave loss

and wind energy input.

The Boussinesq equation include that in calculation: refractions, shallow water
deformations, diffractions, and reflections of waves, nevertheless, it is restricted by
the depth of the water and requires a lot of labor to compute, which is why it is only
helpful for calculating wave behavior over very small regions.
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The wave spectrum model MIKE21 SW, which is based on a mass conservation
of wave action, can handle a variety of situations, including wind waves, nonlinear
waves interactions, whitecaps loss, friction loss cause by bottom, wave breaking,

and reflections and diffractions, shallow water deformations, (DHI, M. 2017).

The MIKE21 SW model uses central differentiation in constrained volumes for
discretization. Depending on the technical and geographic conditions, both
unstructured and structured grids may be used concurrently. The model may
automatically adapt its time step based on the stability situation. Several sequence
explicit methods and a stepwise integral in time are used in this model to calculate
wave transport. The migration equation for wave density is solved to describe the
dynamic mechanics of gravity waves. Since the wave density spectrum varies with
time (t) and space (X, y), it is a function of two-phase parameters. The two-phase
parameters in this model are the relative wave frequency w and the wave direction

(in degrees). The basic equation is as follow:

Z_’Z+ v.OWN) =2 (2.19)

o

Where: S is the source term (J), t is time (s), v is the wave group's propagation
velocity in the four-dimensional phase, and N is the energy wave (J). Xiang, et al.

(2019)
2.5.1.2 Wave Energy Transient Condition:

When considering the link between the wave energy spectral density E (o, 8)

and the wave action density N (o, ), 9N/ s¢ reflects the change of wave energy with

regard to time.

N(s,0) =222 (2.20)

o
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The relationship between the absolute and relative wave frequencies is seen in the
equation (2.21). In the discretized linear equation, their connection may be

represented as follows:

= gktanh(kd) =w-kU . (2.21)
J

where k is the wave number, k = 2n/L , U is the flow velocity vector, and g is the

acceleration of gravity, Xiang, et al. (2019).
2.5.1.3 Frequency wave energy

With regard to the geo-domain, frequency domain, and direction domain, wave
energy changes are represented by the V. (vN). The major causes of changes in the
frequency domain are variations in the water depth and flow rate. The fractions
caused by the water depth and flow speed are represented as changes in the direction

domain:

V= (cx *Cy* Cq cg) .......... (2.22)

Where: ¢, is the variation in the frequency caused by changes in the level of water
and flow speed (Hz/s); cg is the fraction caused by the changes in level of water and
flow; and c« and c, are changes in the wave propagation in the x and y directions,

respectively (measured in m/s).

o =2=1| Sini"@dkd)] U, (2.23)
,=2=2]1+ Sinzh"(jkd) 2y, (2.24)
cp =22 = ZZ( +U. Vd) —k S (2.25)
o=2=—2@E 24k (2.26)
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Where: s represents the direction coordinate, m: perpendicular coordinate to s, Uy
and Uy are the components of U, ky and k, are the components of k, Cg is the

magnitude of the group velocity. Xiang, et al. (2019)
2.5.1.4 Source function:

The energy conservation equation, which is shown as a spectral density, uses S
as the source function. According to Water and Environment DHI (2016), it is the

superposed form of the source functions of a range of physical phenomena:
S=Sin+Su+Sa, *Svot +Ssury (2.27)

Where :Si, is the energy supplied by the wind (J), S, is the energy lost as a result of
nonlinear wave interactions (J), S4s is the energy lost as a result of whitecaps (J), Syt
is the energy lost as a result of bottom frictions (J), and S ¢ 1s the energy lost as a

result of wave breaking as a result of changes in water depth (J).

2.5.2 Ansys Fluent Model

In the current work, the Volume of Fluid (VOF) formulation in FLUENT is
used to create the two-dimensional numerical model. The nonlinear and free surface
flow motion of the wave is formulated using the Navier-Stokes Equation (2.28) and
the continuity equation (2.29). The water is assumed to be an incompressible

Newtonian fluid whose density is constant across time.

p(Sr+whw) =V, +Vu(vw)+F L (2.28)
ou ou
TeZ=0 (2.29)

So basically, you've got w for fluid velocity, u and v for velocity in the x and

y directions, p for fluid pressure, Z for fluid density, and p for dynamic fluid
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viscosity. So, in equation (2.28), the left part in equation represent forces that make
things move; the second part represent pressure and other forces; the third part is
about how sticky the fluid is; and the fourth part is about any outside forces acting
on the fluid.

2.6 Literature Review for Mitigation Structure (Breakwater)

Energy dispersal structure or Breakwater are constructed near coasts and land-
water areas, acting as a means of mitigating and reducing the impact of wind waves
by breaking and bouncing waves. These breakers are classified according to many

variables, including shape, material and function.

The Al-Faw port breakwater is a unique of the examples of Rubel mound stone
breakwaters implemented in Iraq, which was built in order to mitigate the impact of
surface waves caused by wind and tides and to create a suitable environment for port

work, figure (2.11) shows the Al-Faw port breakwater.

Figure (2.11) Al-Faw port Breakwater
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In this part of research, a briefly review on the most important numerical and
experimental studies on the use of breakwaters as a means of dispersing energy of
wave incident. Historical studies on mitigation structures, also known as submerged
breakwaters, have indicated that these structures influence a wide range of physical
processes. Some factors, such as structural design, sloping ground stability, scour,
wave transmission, and flow pattern are extremely important. The transmission
coefficient (C;), which measures the ratio of the passing wave to the incident wave,
is one of the most successful methods for designing a breakwater. Many researchers
have focused their attention on the study of submerged breakwaters due to the

importance of these structures in coastal protection.

In fact, the failure of mitigation structures leads us to re-evaluate the design of
these installations. In the port of Rumoi in 1920 there was a failure of the sliding
type of the caisson breakwaters as described by Ito, and Henry. (1996). Many
researchers attributed this failure to the composite type breakwater , which was
designed on the basis of designs developed by Japanese engineers .As a result of the
difference in the design culture between the engineer in Europe and the Japanese
engineers , the essence of the difference is that Japanese engineers believe that the
use of a composite breakwater, especially the vertical top only has the ability to resist
the impact of the wave and due to its weight . Reported that a lot of designers want
to employ vertical breakwaters once again, their popularity had declined due to their

repeated tragic failures in the 1930s.

Stucky and Bonnard (1937) using a two-dimensional structure in the shape
of a trapezium and carried out the first known experiment in the physical realm to

investigate wave transmission related to submerged breakwaters.
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The Beach Erosion Board (1940) continued their research in more thorough 2D
geometrical detail. Rectangular breakwaters were studied by Morison (1949) and

Johnson et al. (1951).

Longer period waves were often less impacted by breakwater crest width and
height, according to Johnson et al. (1951), who also demonstrated superior energy

dissipation of steeper waves with a broader barrier.

In the study conducted by Stoker in 1957, a theoretical solution was derived for
the transmission of waves across a stationary horizontal plate. This solution was
based on the principles of Airy wave theory. formulation (2.30) was formulated to

describe the suggested transmission coefficient equation.

_ H; 1

- (2.30)

T

Where: Hi, H;, K; Represented incident wave, transmission wave, transmission

t

coefficient respectively. L and B represented the length of wave, breakwater length

(m) respectively.

Numerous researches have been undertaken to investigate the box culvert-type
slotted breakwater, which was first introduced by Jarlan, (1961) coated from Nur
Yuwono, et al (2022). These studies have mostly concentrated on exploring various

variations and configurations of this breakwater design.

Dick and Brebner (1968), performed tests on submerged breakwaters. The
studies were done with a water level of 60 cm, and the height of submergence ranged
from 4cm to 20 cm. Upon plotting the transmission coefficient, it was seen that the
Kt exhibited an upward trend as the depth of submergence increased. Additionally,
it was observed that the transmission coefficient also increased with an increase in

the (h/d) ratio, while keeping the (L/B) ratio constant.
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For several types of breakwaters structures, Abdul Khader and Rai (1980)
calculated the coefficient of transmission K, or the ratio of transmitted to incident
wave height. They came to the conclusion that, when compared to other varieties of
submerged breakwaters, rectangular breakwaters are the most efficient in dissipating

energy.

J.D. Mettam et al. (1982) conducted an assessment of the prevailing design
philosophy pertaining to breakwaters. They identified the limitations associated with
this approach and provided recommendations for including considerations of safety
in order to enhance the design. The authors also propose the substitution of the
practice of assessing stability by testing against extreme events occurring once in 50
or 100 years with the use of a design wave that carries a chance of surpassing no
more than 5% during the lifespan of the structure. Many designers extensively
depend on hydraulic model testing since the current design formulas are insufficient

in assessing the system's safety margin against failure.

The U.S. Army Corps of Engineers (1984) conducted a study in which they
presented a variety of empirical equations generated from wave tank recorded data.
The experiments conducted as part of this study included testing on submerged
breakwaters, which provided insights into wave energy. The results indicated that
increasing the submergence height of the breakwaters resulted in a decrease in wave
energy. Equation (2.31) demonstrated the transmission coefficient equation
proposed by (Hanson .J and Jensen.2004)

_ Re A -0.5
kt——0.4;i+0-8<;l> (1—e 95 2.31)
Many researchers have dealt with transmission coefficient Kt and some of
them, Dougelass and Krolaak (2008), Dick and Brebner (1968), Seabrook and Hall

(1998) Calabrese (2003), Tajziehchi (2006), Liao, et al. (2013), Ilaria (2016).
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Alshaikhli (2022), demonstrated a mathematical and experimental analysis of
several forms of an inclined rubble mound breakwater. to examine the design of
mound breakwaters in order to ascertain the breaking wave behavior, including
transmission coefficient and energy dissipation. Most of the mentioned researchers
have shown that the wave dispersion coefficient varies within the limits (40 % to

75%) and is controlled by the wave properties.

The velocity field and vortex formation around the submerged breakwaters were
researched by Hsu et al. (2000; 2004) and Chang et al. (2001; 2005). Young and
Testik (2009; 2011) investigated the reflection and diffraction of waves from
underneath breakwaters. Experimental research on wave breaking and energy loss

over porous structure submerged breakwater was conducted by Liao et al. (2013).

El Saie (2014) , conducted a laboratory study that included three types of
breakwater , vertical, rubble mound , and pile breakwater to protect the shoreline
.The researcher touched upon the use of multiple values of the wave height and the
submerged part of the breaker to investigate the values of the energy dispersion
coefficient according to each of the three types .The results of this study are shown
in the following figure, which shows that the values of the energy dispersion
coefficient ranges from (20% to 80 %) of the incident wave value. Figure (2.12)

shows the variation of transmission coefficient for three different model.
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Figure (2.12) Transmission coefficient for three type breakwater El Saie (2014)
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Hajivalie et al. (2015) investigated the impact of vertical breakwater size on
transmission coefficient and vortex production around the breakwaters using a
RANS equation based computational model in conjunction with a conventional k-
model. Conclusion that extending the breakwater width would not significantly
improve wave energy dissipation by the breakwater unless it is wider than a specific
rate, which may vary depending on the relative submergence depth. Researcher
clarify that at this particular breadth, the vertical submerged breakwater is not
subject to wave breaking. This discovery casts doubt on earlier predictions that the
vertical breakwater may dissipate more wave energy than other submerged

breakwater shapes, such as trapezoidal and semicircular, in every situation.

A. V. Mahalingaiah et al. (2015) provided a comprehensive explanation of the
design process for a rubble mound breakwater. They illustrated this technique by
presenting a case study of breakwaters planned for the establishment of a fisheries
port in Majali, Karnataka. Empirical formulas, such as the Hudson formula and the
Van der Meer formula, are often used in the initial design phase to estimate the unit
weight of armor materials. This is crucial since armor plays a significant role in
ensuring the stability of buildings. The majority of these formulas include factors
such as wave height, density of the armor units, and the angle of the breakwater

slope.

Hajivalie et al (2018), made a laboratory study on rectangular-shaped models
of a semi-submersible breakwater. The study included different shapes of the breaker
as well as different heights to clarify the extent of the impact of The Shape of the
origin on the values of the energy dispersion coefficient. The height of the model is
0.25 meters and the width vary between (0.3, 0.9, 0.6). The researcher's findings
were that the transient wave coefficient decreases with increasing the width of the

breaker.
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Al-Sheikali in (2022), presented a laboratory study and a mathematical model
using the FLOW 3D model, this study included many aspects. Use different physical
models of a steps and non-steps breakwater. One of the outputs of this study is that
the steps breakwater has a higher efficiency in energy dispersion compared to a
regular Surface breakwater by obtaining results for the value of the dispersion
coefficient of the wave. The other part of this study, the researcher made a physical
model of the AI-FAW port breakwater in Basra, Iraq. The results of this study
recommended the use of steps breakwater instead of regular. Figure (2.14) present

some results of this study

Figure (2.14) Results of flow3d model and experimental, Al-Sheikali, (2022)
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2.7 literature Review Large-Scale Wave Modelling

For decades, researchers have been working on numerical wave water modelling.
The earliest numerical models for wave water modelling were established in the
1960s and 1970s, although their computing capacity was restricted at the time.
Throughout the 1980s and 1990s, as computers got more powerful, numerical

models for wave water modelling became increasingly advanced.

One of the earliest numerical models for wave water modeling was the Mild
Slope Equation (MSE) model, which was developed in the 1960s. The MSE model
is a linear model that is used to simulate waves in shallow water, such as nearshore
areas. The model presents that water depth is much smaller than the wavelength of
the waves. in the 1970s, researchers began to develop more sophisticated numerical

models for wave water modeling.

The Boussinesq Equation (BE) model was one of the most significant of these
models. This model is a nonlinear model that is used to simulate waves in both
shallow and deep water. The model considers the effects of wave breaking and wave

dispersion in its calculations.

In the 1980s and 1990s, numerical models for wave water modeling continued to
evolve. Researchers began to develop models that could simulate the interaction
between waves and currents, as well as the effects of sediment transport. One of the
most important of these models was the SWAN (Simulating Waves Nearshore)
model, which was developed in the Netherlands in the 1990s. The SWAN model is
a sophisticated numerical model that can simulate wave propagation, wave breaking,

and sediment transport in coastal areas. (Wang. et al .2015)

One example of a modern numerical model for wave water modeling is

MIKE21SW, developed by DHI in Denmark. MIKE21SW is a three-dimensional
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model that can simulate wave propagation, wave breaking, and wave runup in
coastal areas. The model considers how tides, currents, wind, and bathymetry affect
wave behavior. (DHI, M. 2017). Many studies anterior possible to remember that

used modern numerical model:

WAVEWATCH III was used by Li et al. (2014) in order to provide wave
prediction for the Bohai Sea of China. Bi et al. (2015) used WAVEWATCH III to
carry out a simulated examination of the waves that are found in the Pacific Ocean.
Yang and Zhang (2013) used SWAN to simulate wind wave activity in Bohai Bay
from 1989 to 2008 and analyze wave probability. Ayat (2013) used the MIKE21
SW model to simulate waves in the East Mediterranean and Aegean waters and
analyze wave energy in the relevant waters. To comprehend the effects of man-made
structures like mudflats and breakwater on shoreline changes, Noujas et al. (2017)

used the MIKE21 SW model to study the Indian southwest coastal waves.

Goda and Suzui (1976), The study included conducting a series of
experiments using irregular waves to simulate the behavior of seawalls, both with
and without the presence of concrete block mounds for protection. The researchers
put out a set of twelve diagrams based on their experimental findings. These
diagrams facilitate the rapid estimate of the overtopping rate of seawalls across

various water depths, ranging from offshore to shoreline locations.

Hara et al. (1991) employed numerical study to investigate the performance
of wave breaking behavior in impermeable conventional breakwaters. Through
regression analyses, the researchers posited that the breaking wave phenomenon is
not solely influenced by the bed slope and wave steepness, as indicated by the
Iribarren number. Instead, they found that it also depends on the height of the
breakwater (hc) and the width of its crest (B). Consequently, the researchers
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proposed modifications to the Iribarren number in order to account for submerged

breakwaters.

Liu et al. (1999), introduces a numerical model that may be used to simulate
the interaction between waves and porous materials. The Finite Volume Model
employs the free-surface-capturing approach in conjunction with a novel Cartesian
cut cell treatment to compute the two-phase flows occurring outside a porous
structure. This computation is based on the Navier-Stokes equations. Meanwhile,
the flow within the porous structure is characterized by Navier-Stokes type model
equations. The numerical model utilizes a computational domain to simulate the
phenomenon of a breaking wave overtopping a caisson breakwater. The breakwater
is safeguarded by a layer of armor units. The findings indicate that the use of a porous
amour layer has shown to be successful in mitigating the occurrence of overtopping

in the caisson breakwater.

The study conducted by Sakakiyama and Liu (2001) focused on the
examination of wave behavior and turbulence flows occurring in the vicinity of a
caisson breakwater. During the conducted trials, the breakwater structure was
equipped with wave-absorbing blocks and reinforced by a debris pile. The
researchers reached the conclusion that a wave breaking mechanism and the
presence of an armour layer both contribute to the generation of substantial
turbulence. The turbulence created in the vicinity of the caisson breakwater was
noticed, resulting in significant implications for wave impacts and the scouring

phenomenon occurring in the area directly in front of the breakwater.

Suh et al. (2007) introduced a new approach based on the work of Kim (1998)
to address the issue of single row vertical slotted barriers with square piles. The
authors assert that the proposed methodologies found in existing literature for wave

transmission prediction have a tendency to underestimate wave transmission values
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within the lower ranges of wave steepness. The proposed solution incorporates a
combination of principles from basic fluid mechanics and empirical formulations,
resulting in a hybrid approach. The authors propose that the novel methodology
yields superior outcomes, and advocate for the integration of empirical formulae
with fundamental principles in the field of fluid mechanics. According to the authors,

the hybrid approach may also be used for circular pile breakwaters.

Noujas et al. (2017) conducted a study focuses on a coastline length along
India's southern SW coast where Sundar and Sanna siraj (2006) suggested using an
existing barrier and groins field to manage severe erosion. Prior to the development
of the intended groins field, two groins were first built as a pilot program in 2008—
2009 to validate the net littoral drift of this area and for a preliminary evaluation of
the Groins performance. With the two groins in place, the coastline location was
periodically monitored from 2009 to 2014. Using field measurements from 2010—
2011, a shoreline evolution model for the research area was built up, calibrated, and

verified.

Yan Xiang et al, (2019), proposed a numerical solution for model presented
by MIKE21 SW to simulation the wind induced wave in shallow reservoirs in
Cangzhou City, Hebei Province, China. This study focused on the use of artificial
islands as a means of dispersing energy by adding more than one proposed
scenario for the location of virtual islands or their area. The results showed that the
use of artificial islands reduces the value of wave height by approximately 10% -
30%, percent of sign wave height, figure (2.15) shows some of result conducted by

this study.
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Figure (2.15) MIKE12 SW Results of sign wave height, Yan Xiang et al, (2019)

Ho Gou et al (2020), used the MIKE21 Spetral Waves (SW) and MIKE21
Boussinesq Waves (BW) wave models are combined in this work to be used together
for a joint application (SW-BW nested model). In this study, the researchers made a
mathematical model of Zhoushan-based Yanwo Island in China, which included two
models, one to represent the waves caused by the wind and another model that tests
a set of scenarios that suggest a location for the breaker in order to mitigate the
impact of rising waves in the region. Figure (2.16) shows Daishan Island and
proposed breakwater location. Results of this study are showed in Figure (2.17), it
can be seen that the difference between the sign wave height distribution before and

after project of breakwater.
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Figure (2.16) Daishan Island and proposed breakwater location

A
2000 2500 3000 3500 4000 4500 5000 5500 2000 2500 3000 3500 4000 4500 5000 5500

(a) (b)

Figure (2.17) Sign wave height before and after project of breakwater

Azharul Hoque et al (2020), implemented a mathematical model using
(SWAN) to represented a full-scale simulation of the Canadian Beaufort Sea. this
study focuses on simulated four storms by (SWAN model). The model simulations
conducted inside the shallow water depth region additionally take into account the
influence of bottom friction and depth induced effect interactions. As a result, found
that wave simulations that incorporate a white capping formulation dependent on
local spectral steepness yield superior results compared to simulations that rely on
mean spectral steepness. However, the inclusion of a bottom friction term and triad
mechanisms in the current study did not result in any significant improvement in the

simulations. Figure (2.18) shows some results of spectral wave model.
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Figure (2.18) Wave height Hs according to storm simulation at (17 September
1985). Beaufort Sea

Gomes, A. et al (2020), findings of using a comprehensive tool (CFD)
to examine the performance of a perforated semicircular mitigation structures with
a foundation built on a rubble mound shape were presented in this article. The
model was tested against experimental findings to determine the critical weight
required to prevent sliding while accounting for the impacts of water depth and
various wave types. The effectiveness of the breakwater to diffuse wave energy is
compared between the perforated and non-perforated option. Figure (2.19) Shows

energy dissipation for two cases, perforated, non-perforated model.
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Figure (2.19) Energy dispersion, (left) perforated model, (right) non- perforated
model (Gomes, A. et al (2020).

40



Chapter Two Wave Principles and Literature Review

Yuwono, N, and Sriyana I (2022), conducted a study concerned about
slotted box-culvert mitigation structures to investigated the transmissions
coefficients of the model according to different wave characteristic parameters. This
context bases on experimental work for different physical model. The results
indicate that there is a decrease in the transmission coefficient (C;) when the (hr/d)
decreases, while an increase in the (B/L) and (H/L) values, where B length and H
height. The C; coefficients has an upward trend when relative wave height, relative
wave length, and B/L grow, but afterwards experiences a decline once it reaches its

maximum value, which corresponds to the optimal H x B/L.

Research produced by Al-Sheikali (2022), and Ho Gou et al (2020), the closest
studies to the subject of our study in terms of laboratory work and the\mathematical

model used

Summing up the studies and previous researchers, the region (depression of
Annajaf sea) adopted in this study has not been studied by any researcher in with
regards of wind induced wave previously. And, the shape of breakwater that will be
studied (sloped steps on sides and top) was a completely new shape that has not been
touched upon previously. Also, the phenomenon of waves propagated as a result of
wind in a closed region was studied, which is one of the topics that are considered
very important from the climate changes that have begun to appear during recent

year in the study area.
Novelty of current study it can summarized as:

e Study of wind induced wave in close region (Lake of Annajaf) based on worst

case combination of maximum lakes levels and highest wind speed recorded
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3.1 Introduction

The complex behavior of the waves as well as the interference with the
breakwater, leads to study it in the laboratory to understand the behavior of the wave
and the breakwater together by making physical models of multiple shapes. As
mentioned in chapter two, the cross section of the breakwater is very important in
determining the value of the transmissions wave coefficient and wave reflection, in

addition to other factors related to the wave characteristics.

In this chapter, a laboratory flume will be employed in order to generate waves
with variable specifications and also add the idea of wave absorption at the back of

the flume to eliminate the reflection wave in downstream side of breakwater.

3.2 Experiment Set-up Specifications

3.2.1 Wave Flume

The hydraulic laboratory of the Faculty of Engineering, University of Kufa-
Iraq, has a 3D-wave flume where the physical model studies are conducted. Didacta
Italia manufactured the flume to investigate the hydrodynamic characteristics of
open surface streams in channels with different angles of inclination. The wave
generator used in the experiment is a top-hinged paddle design capable of creating
predictable single sign waves. The waves propagated by the wave paddle run
through thin vertical sheets of stainless steel to provide free smooth waves. The wave
flume contains active wave absorption that may take in the test to reflected wave.

The channel is composed of tempered glass, section 0.3 m x 0.45 m, length 15 m.
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flume include with wave maker submerged blade type, an electric motor with a

variable speed serves as its controller, Figure (3.1), Figure (3.2).

(¢) submerged blade in flume (b) motor wave generation

Figure (3.2) Some of device fixed in flume
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Generating paddle
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Fig (3.3) Flume with step-up of wavemaker, breakwater model, absorbing device

Wave generated by wave maker of the submerged blade type, and it is
operated by an electric motor with variable speed. It enables one to see the form of
the waves as they travel through a channel. Specification of wave tank flume: Ratio-
motor: speed ratio 1:30, max speed 47 rpm, absorbed power: 0.12 kW. Inverter for
revolution speed regulation, Figure (3.3) shows the wave generator and absorbing

beach in flume.

3.2.2 Wave tank modelling

Discussing of an experimental research employing various methods of surface
wave generation on a tank (piston and flap type wavemaker) is one of the goals of
this study. For various boundary conditions, some computer simulations of these

processes have been created. The wave tank is roughly represented in Figure (3.4).

44



Chapter Three Experimental Work

3.2.3 Wavemaker Theory

A wavemaker produces waves by oscillating a mechanical component within the
wavemaker. The two kinds of wavemakers that are often distinguished are flap and
piston. For experiments in shallow water, a piston-type wavemaker is utilized.
Modelling buildings along the shore, harbour, etc. uses this form of generator
because the piston motion limits the particle orbital motion to an ellipse. Galvin puts
up a straightforward wavemaker idea in 1964. The particle orbital motion in a
wavemaker of the flap type decreases with depth and becomes insignificant at the

bottom, as showing in figure (3.4), Ringe, S. (2020).

S

i W

|

x 4

a. Piston type wavemaker

b. Flap type wavemaker

Figure. (3.4) wave maker type according to mechanics of movement, Ringe, S.

(2020).
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According to Galvin's hypothesis for flap-type wavemakers, when the piston
has a stroke of S with depth h, the volume of water displaced will be S h. A wave
crest's water volume may be calculated using the formula of equation (3.1), (R. G.

Dean and R. A. Dalrymple.1991)

4

2 (H\ . _H
L (E)smkxdx— p .....(3.1)
consideration the volumes into both sides, the following expression become as.
H _H ()2
SH_;_;(E); . (32)

In Figure (3.4), the shaded area corresponds to the factor 2/ m. The straight forward

wavemaker hypothesis for a piston is as follows equation (3.3):

(£) = kn o (33)

S

Where: H/S stands for the shallow water-appropriate height to stroke ratio (shallow
water condition kh < w/10). The wavemaker theory is complete when boundary
conditions are taken into account, and the following formula for wave height to

stroke is derived, Ringe, S (2020).

H _ 2(cos2kph—1) 34
s sinh2kph+2 ph T (3.4)

H; represent height of wave: and the progressive wave number is denoted by k,

In the present study, according to the flume experimental flap type
wavemakers are generally used for investigating and generating water waves, as
showing in figure (3.5). When the flap connected device wavemaker is hinged at the

base of flume, the expression is:
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The stroke number to wave height ratio of the flap type wavemaker changes to

equation (3.6), when boundary circumstances are taken into account.

H sinh kph\ kyph sin hkPh—cosh kph+
==4( )2 (3.6)

S kph sinh2 ph+2kph U
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Figure (3.5) flap type wavemaker relation H/S and Kp h according to (R. G. Dean
and R. A. Dalrymple.1991)

3.3 Model set-up and geometry

The model studies were primarily used to understand how the transmission
coefficient varies with regard to regular wave conditions such as: shape of
breakwater: incident wave height: wave steepness, transmission coefficient for each
type. Figure (3.6) represent the model installed in flume and all parameters for

breakwater and wave conditions.
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Where: H = Wave height, H; = Incident wave height, H; = Transmission wave, h=
Static water level SWL, Hs = Submerge depth, Lg = Length of breakwater, and Hg=
height breakwater.

Figure (3.6) Sketch demonstrate breakwater model and wave specification

parameters.
3.4. Hydraulic Parameters of Breakwater:

Five model are used to test the wave transmission coefficient, these models are
organized according to the shape of cross section as shown in Figures (3.7),
(3.8),(3.9),(3.10),(3.11) and (3.12) . These models are manufactured from moisture-
resistant plastic materials using machinery 3D printing for very fine details.

Table (3.1), demonstrates the hydraulic characteristics that characterized the
physical model, breakwater shape, and wave conditions. Each experiment test being
repeated three times to get the average of each run, so that the total number of
experiments was 150 tests as shown in table (3.1). During experiments, the incident
waves are measured using wave measurement device at a distance approximately of
one wave length L. The wave transmission coefficient (Ht) is measured at the lee
side of breakwater. As the beginning of wave generation, a regular wave propagated
in the flume using a user define function (UDF) with the movement of the flap-type

paddle, the formation of waves is started under hydrostatic circumstances (water at
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rest) of the flume. The liquid face is given a static pressure as a starting condition,

and the VOF model are used to describes the free surface profile.

Table (3.1) Breakwater model assignment and experimental test specifications

incident Motor Speed

Submerged :

Model breakwater Symbols  Depth (Hy) wave Ratio

(cm) elevations = max speed 47

(H;)(cm) RPM
Rubble mound Mil
Sloped with steps M2 0.4.8 12
Rectangular M3 ’ ’1 5’ ’ 10. 12.15 20, 30 and 47
Rectangular with steps M4 T
Rectangular narrow M5
~016m™"

Figure (3.7) Rubble mound (model Symbol M1)
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Figure (3.9) Rectangular (model Symbol M3)
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p10m 0.30m

Figure (3.11) Rectangular narrow (model Symbol M5)
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3.5 Constrain of Mode Dimensions

Hughes (1993) demonstrated that achieving precise similarity in model
research is unachievable. In the context of large-scale models, it is observed that the
prototype and the model exhibit more similarity, hence mitigating the influence of
scale effects and the inaccuracies arising from the scaling of factors such as fluid
density and viscosity. Nevertheless, it is crucial to acknowledge the significance of
the economic benefits associated with small-scale models. Additionally, there are
instances when the laboratory setting may be inadequate for conducting large-scale
simulations. For instance, it is possible that the flumes may not have sufficient
capacity to accommodate device like a wave generator. Therefore, min size models
are chosen to align with the laboratory settings. Hence, in order to determine the
optimal mode of scale, one must carefully evaluate the merits and drawbacks

associated with both big and min-size models.

The constraints provided by the laboratory environment force the use of Fr
and geometric similarities in breakwater model investigations. As a result, the model

size is determined based on the following parameters.

e The experiment flume is capable of investigating the maximum water depths (45
cm).

e Motors Operation limits of the wave generator: (0. 5 Hz < Frequency < 0.783 Hz)
or (30 RPM < Frequency < 47 RPM)

e Wave absorbing are adopted at distance 6 m in the downstream of breakwater

e According to the restricted width and height of flume the breakwater model
height not exceeded 0.35 m
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3.6 Equipment of measuring wave characteristic

The utilization of point gauges of wave hight or level measuring techniques
enables the manual and precise measurement of the wave high in upstream and
downstream side. The accompanying accessory is provided in its entirety with a
single plain needle and a double needle. The illustration depicted in figure (3.12)

displays a point gauge and its corresponding measurement system.

2 adjustment screws |

Figure (3.12) Piont gage used to mesured wave high

3.7 Experimental Procedure:

In the following steps, represented of each examination carried out in the
laboratory to calculate the energy dissipations or transmission coefficient Ct of

mitigation structures.

1. Installed the breakwater model and fixed in bottom of flume by hidden bolt
2. Installed the absorbing wave equipment in downstream side.

3. Start the pump to fill the flume to stall water level required (SWL)
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Fixed the motor of wave generation with blade in upstream side
Set the motor speed to control the wave high required RPM

Measured the wave high in upstream breakwater and in downstream side.

N o voa

Repeated the measurement : Three measurements were made for each experiment

to ensure high accuracy and avoid error.

The following figures presented some of snap shot of experimental work in lab.

Figure (3.13) Wave propagated
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Figure (3.14) Wave runup over artificial absorbing zone
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Figure (3.15) wave breaking near model M1
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Chapter Four
Computational Fluid Dynamic

4.1 Introduction

This part of the research, intends to clarify and answer some of the questions
concern about the Computational Fluid Dynamic (CFD). Which is considered one
of the most important cognitive sciences and the basis for modeling and simulation

of fluid flow and in the specialty of hydraulic structures and Marine Science.

The field of Computational Fluid Dynamics (CFD) involves the utilisation of
mathematical and physical problem formulation techniques, to simulate fluid
engineering systems, numerical techniques such as discretization techniques,
solvers, and grid generations are used. The procedure is depicted in Figure (4.1),
Pre-processing, processing, and post-processing comprise CFD. The pre-processing
stage is when the computational grid is built and the modelling objectives are
established. The solver is launched in the second phase after setting the numerical
models and boundary conditions. Solver continues to run until convergence is
achieved. The post-processing phase, which begins at the solver's termination,

involves reviewing the findings.

(<o)

Post-
Pre- '
processing :> [:> processing

* Geometry ¢ Boundary condition e Contour
e Mesh e Solution ¢ iterate « analyze

Figure (4.1) The CFD processing in three stages (Ansys. Fluent user guide)

47



Chapter Four Computational Fluid Dynamic

The first step in CFD is to identify the optimal mathematical model for the issue,
which is followed by the designation of the computational area of interest. Almost
all commercial numerical solution programs begin with the early and crucial step of
computational domain discretization, Figure (4.2) demonstrates the most steps in

model by CFD (ANSYS 17.2).

B Problem Identification

Define goals

Identify domain

T.
1 kG
2 @ Geometry 7 o Pre-Processing
3 o Mesh v il Geometry
5 @ Sokstion v , o Physics
?9 Rl v,'_‘ Solver Settings _
o
T
(]
Breakwater (M2) Sane 2
Compute solution g_
, »
Post Processing

Examine results

Figure (4.2) Stages for modeling by CFD (Ansys. Fluent user guide)
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4.2 CFD Codes

Many codes are available for modeling CFD, such that FLUENT, CFX,
FLOW3D, and MIKE21 by DHI. which is a computational fluid dynamic (CFD)
tool. All these Codes are based on one theoretical principle and basis, which is the
Naiver- Stock Equation. But they differ in terms of the limits of Use and the
mathematical representation of the problem. In the present study MIKE21 is used
to modeling large scale model of depression Najaf Sea to capture the complexity of
geometry. In addition, FLUENT was used to represent the capability of laboratory
models to energy dispersion according to its shape, Figure (4.3) Demonstrated the

CFD model.

, CFD
Navier-Stokes Equations

Choose the best and closest mathematical
FLUENT | model to represent the physical )| MIKE21
phenomenon according to the tools it has

More details about examination Modeling Large scale area
energy dissipation according to cross (case study) with complex
section of breakwater geometry and bathymetry data
Breakwater
Model
J DEM map
Najaf Sea

Turbulence model — Reynolds average

Figure (4.3) The CFD model (different codes Fluent, MIKE21)
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4.3 FLUENT Solver

The present study, used the (VOF) formulation inside the FLUENT solver to
construct a two-dimensional numerical model. The mathematical representation of
the wave's nonlinearity and motion is established by the use of the Navier-Stokes
Equation (2.20), alongside the continuity equation (2.22). It is supposed that the
water under consideration is an incompressible, characterized by a constant density

that remains unchanged across time, and Newtonian fluid.

So, in equation (2.20) the forces that make flow motion represented in the first
part; the second part is about pressure and other forces; the third part is about how

sticky the fluid 1s; and the fourth part is about any outside forces acting on the fluid.
4.3.1 Boundary Condition

This stage of preparing the model is very important because it determines the
extent to which the physical phenomenon (waves) can be represented phasic of wave
correctly. In present work, figure (4.4) shows all the boundary condition being used,
the maintains zero velocity (no slip wall). Also, pressure outlet is set for the top
boundary of the domain. A pressure outlet for the model top surface refer to
atmospheric pressure. Absolute pressure less ambient pressure is known as static
pressure or gauge pressure. The open channel option is used in the velocity inlet to

model the free surface water level, which 1s small variation between (0.21 to 0.36m).

User Define Function (UDF) are used to model the wave condition flap type in
the zone of wave generation. For the flap motion, a UDF file is created. The UDF
code created in C++ language (Appendix -A). The code tries to define the motion

of the flap through the following formula:

u, =acos(wt) . 4.1)
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here a is the amplitude and w is the angular frequency, t is defined through time step
assigned in the solver, uy represents the axis of rotation in y direction which was
required for the designed model. More information regarding the code is given in

(Appendix A). For dynamic meshing, smoothing and remeshing is used.

\.\\\ Wall no-Slip

\\ \\- :\
g /T\/ N

. v

“

. '-‘"’J

.~ b

~

<L
00m 500 100 (m) z ]
- .

0= o750

Breakwater Model

Figure (4.4) Boundary condition description

4.3.2 Setup and VOF

Volume of Fraction (VOF) it refers to model that described the interaction
between air and water based on numerical discretised. VOF model are used in wide
rang application in field of wave generation by described the line dividend the air
and water. The transient is choosing of gravity-based model is used in this work. The
volume fraction parameter is represented implicitly in the VOF model for simulation
the phreatic surface of flow. Air water interaction are simulated as two phases used
in the model with incompressible fluids, with constant densities 998 Kg/m? for the
water and 1.225 kg/m? for the air. It is recommended to use K-omega viscous models

for turbulent open channel flows. The SST k-omega viscous model is used in this

51



Chapter Four Computational Fluid Dynamic

experiment to produce waves. Choose the boundary conditions in modelling wave
theory is very sensitive to some parameters such as, wave steepness, and wave height
to length. The appropriate wave model according to simulation condition, ranging
from shallow to deep sea conditions, were outlined in DNV RP C 205 (2010), a
recommended code of practice similar to FLUENT. All numerical simulations for
inlet boundary are selected as velocity inlet Stokes' and a shallow/intermediate wave

boundary condition.
4.3.3 Mesh Independence solution

The mesh quality has a substantial impact on the accuracy and stability of
numerical calculations. The attributes of grid distribution, refinement, and skewness
are interrelated factors that contribute to the overall quality of a mesh. (ANSYS
.2010). Incorrect mesh selection can have an impact on simulation accuracy,
computational efficiency, and solution stability. Several literature sources and
studies have indicated that a model must be designed with 200 grids per wavelength
as a minimum grid discretised, as stated by Arun Kamath in 2012. Additionally,
appropriate wave generation may be achieved if the aspect ratio of an element is less
than 10, as suggested by Marques. In the current work, element length 0.005 m is
adopted to create waves with a maximum wavelength of 1.5 m. As a result, all of the
tests are run with a mesh size of 25*10° m? and grid aspect ratio of mesh are selected
to one, figure (4.5) represent grid discretised for rectangular breakwater model.
Table (4.1) Demonstrates the five seniors to examination the mesh independent
solution to minimized error and reach the convergences of solution according to the

grids size and number of elements in model.
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ILO
0 150

Figure (4.5) mesh description and specification

Table (4.1) mesh sensitivity analysis for minimize error

Scenario | Grid size(m) Grid per wave Total element | Transmission
length in model coefficient Ct

1 0.004 325 89756 0.61

2 0.005 260 71980 0.61

3 0.006 216 59455 0.70

4 0.007 185 52890 0.78

5 0.008 162 48434 0.81

4.3.4 Adaption process for mesh refinement

One of the most powerful tools that FLUENT provides is to identify the areas
that need to smooth the grid according to the initial solution by identifying the areas
that have a high gradient slope cheeked by the specified variable such as speed,
pressure or another variable. although a mesh must be refined where flow features

change rapidly, Figure (4.6) shows technics in FLUENT for mesh adaption.
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——
e

$dd
444

Original mesh, with Result from 1 level of Result from 2 levels of
highlighted cells to be adaption on marked adaption on originally
adapted cells marked cells

Figure (4.6) Mesh adapted specification (ANSYS 17.2, Fluent Solver)
4.3.5. Convergence of solution and stability

One of the most important criteria for accepting a numerical solution by CFD
modelling is the arrival of the solution to the state of stability and convergence,
which indicates that any addition or more time steps has very little or no effect on
final results. Figure (4.7). Demonstrated residual verse iteration for 9 second
duration. The solution reaches the limit of stability after 7000 iteration with time

steps 0.01 sec.

Figures (4.8), (4.9), (4.10), and (4.11) Represent stages of free surface variations
with wave period 1 sec and reach the stability after 7000 iteration with time steps

0.01 sec that reach 8.2 sec flow duration, and make the wave characteristic identical.

Stability of solution are important to minimized error, residual verse iteration
represented monitored of the solution process to reach the final result and keep all

the parameters at minimum .

54



Chapter Four

Computational Fluid Dynamic

Residuals
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Figure (4.7) Residuals verse iterations for solution monitor

P ?® ® S ®®® ?? O

water volume fraction ( time 6.2 sec) L] 0250 0.500 (m)
L — S—

0.125 0.375

Figure (4.8) free surface profile at time 6.2 sec (solution no converge yet)
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PP SIS DR DR

water volume fraction ( time 7.2 sec) o 0.250 DIPE)
0125 0375

Figure (4.9) free surface profile at time 7.2 sec (solution no converge yet)

I B U

water volume fraction ( time 8.2 sec) o 0.250 0-50? (m)
0125 0375

Figure (4.10) free surface profile at time 8.2 sec (solution reach converges)
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PP SIS DR DR

water volume fraction ( time 9.2 sec) o 0.250 0-50? (m)

0125 0375

Figure (4.11) free surface profile at time 9.2 sec (solution converges)

4.4 MIKE21 Solver

MIKE 21 is a sophisticated numerical software designed for simulating coastal
hydrodynamics. it is applicable to a wide range of coastal and marine environments,
including oceans, bays, estuaries, and lakes. Due to the intricate nature of the
programme, it necessitates a multitude of parameters. Simultaneously, it has the
capability to offer a more accurate depiction of the authentic environmental

circumstances.

Several numerical codes provided by the MIKE21, such as MIKE21 SW,
MIKE21 Flow HD, MIKE21 ST, and MIKE 3 this is a 3D modeling program.
Among all these codes mentioned the MIKE21 SW model adopts to modelling
spectral wave for long period (1979-2023) in the Bahr Annajaf as a case study. This

code its suitable for modelling large scale model. The wave spectrum model
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“MIKE21 SW, which is used mass conservation for a bases concept, and can handle
a variety of situations, including wind waves, nonlinear waves interactions,
whitecaps loss, friction loss caused by bottom, wave breaking, and reflections and

diffractions, shallow water deformations», (DHI, M. 2017).

MIKE21 model employs a central differentiation method inside limited
volumes to discretize the system. Depending on bathymetric and topography
conditions, unstructured and structured discretized have been used. The model has
the capability to continuously adjust time step in response to changes in stability
conditions. Several sequence explicit methods and a stepwise integral in time are

used in this model to calculate wave transport.
4.5. Mathematical Model build-up (MIKE21SW)

The following figure (4.12) represents the stages commonly make up the model
check list when using the newest generation spectral wind-wave models in MIKE21
SW to forecast the wind waves, decline, refraction, diffraction, coastal

environments, and offshore conditions:

Define
Computational
Domain

Bathymetric Mesh
Data Generation

Boundary > Setting up the = Presenting the

Results

condition Model

Figure (4.12) Steps of build-up MIKE21 SW model
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Chapter Five

Discussion of CFD and Experimental Results

5.1 Introduction

In this chapter, the experimental results of the different types of breakwater
model will be presented in addition to the results of the mathematical model that is
explained in detail in the previous chapter. It is necessary to compare the
experimental results with the results of the CFD model in order to find out the extent
of the possibility of using the mathematical model in modeling the optimal cross
section of the breakwater, specific to the study area (for the study situation in the
next chapter). The output obtained from the laboratory work was represented by
calculating the value of the wave transmission coefficient Ct. The value of this
coefficient was calculated for different states of breakwater and for multiple wave

characteristics.
5.2 Free surface profile (CFD and Experimental)

One of the real considerations for adopting the mathematical model is to verify
the accuracy of the results drawn from this model by comparing it with the laboratory
results. The attached Figures (5.1), and (5.2) show the compatibility of the
experimental results and the mathematical model, by tracking the free flow surface
for different breakwater shape. Have to note from these Figures a very large
convergence between the CFD model and the experimental result.

Figure (5.3) (5.4) show the generation of waves with time in the CFD model at

time 0 second to 10 second for rectangular and step slope shape breakwater.
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Figure (5.1) free surface profile for experimental and CFD results for different

breakwater model (Run 20, Hs = 10 cm)
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Figure (5.2) Compression for experimental and CFD model to represent the

compatibility of result for flow time from 8.1 second to 8.5 second (Run 20)
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at time 0 sec

at time 2 sec

at time 7 sec

at time 10 sec

Figure (5.3) wave generation according to time (0 sec to 10 second) rectangular

shape breakwater

at time 0 sec

/\__.-’/\—————"‘“‘—“h

at time 2 sec

__,,//—\._____,,-./’—\___,___A
at time 7 sec

at time 10 sec

Figure (5.4) Wave generation according to time (0 sec to 10 second) slope steps

shape breakwater
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5.3 Transmission coefficient (Ct)

The most important coefficient that gives an impression of how efficiently the
breakwater disperses energy is C.. Figures (5.5), (5.6), (5.7) and (5.8) show that the
different wave characteristic variations according to different breakwater model.
Tables (5.1),(5.2),(5.3),(5.4)and (5.5) explain the variation in the value of the energy
dissipation coefficient with respect the shapes of the breakwaters, as well as some
variables related to the wave characteristics are changed such as wave length and

wave steepness (Hi/L).

It can be seen from these Figures and Tables, the maximum energy dissipation
(1- Ct) (minimum transmission coefficient) is received for sloped steps model M2,
it is clear that the eddy turbulence frequency for M2 model shows the more energy
dissipation at steps. The minimum energy dissipation (1-Ct) (maximum transmission

coefficient is received for narrow rectangular model M5.

0.8
07 —@— (Hi/L)=0.076 o
0.6 @ (Hi/L)=0.0685
@ (Hi/L)= 0.0714

©

0.5
0.4
0.3
0.2

0.1

0 0.4 0.8 1.2 1.5

Relative Submarged depth (Hs/Hi) model M1

Transmission Coefficient (Ct)

Figure (5.5) Variation of Ct according to wave steepness and relative submerged

depth and Hi
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Figure (5.7). Variation H; according to relative submerged depth and, constant H; =
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64



Chapter Five Discussion of CFD and Experimental Result

9
3-e-M1 —M2 —-M3 M4 -=

Transmssion Wave Hight (Ht)
cm
S =N WA U

0 0.45 0.9
Relative Submarged depth (Hs/Hi) Hi= 10 cm

1.8

Figure (5.8) Variation of H; according to relative submerged depth and H; constant

=10cm

—

/

Transmission wave Ht (cm)
(—J et N W £ wn = |

o

10 11 12 13

Incident wave Hi (cm)

Figure (5.9) Variation of H; according to wave incident depth H; for different

breakwater model

n 0-M1

16

65



| Chapter Five Discussion of CFD and Experimental Result

Table (5.1) Transmission coefficient (Ct) for different breakwater model (M1)

Experimental measurement (cm) (Ct) =(Ht/Hi)
Length .
Model RP of Period | Wave ) . Experi
M T (sec) | steepness | Hs | Hi | Hs/Hi | Ht CFD
wave ) mental
(Hi/L)
0 0 23 10.23 0.23
4 0.4 3.6 036 |0.33
30 0.0769 8 |10 [ 0.8 4.1 041 |0.37
1.3m 1 0.75 12 12 |45 | 045 |04l
15 1.5 6 0.6 |0.66
0 0 3.6 0.3 10.26
M 4 0.33 4.6 039 |0.37
35 1.75m | 1 0.0685 8 |12 10.6 5.1 043 10.39
12 1 5.6 0.465 041
15 1.25 8.4 0.7 10.66
0 0 5 0.33 10.39
4 0.26 6.6 044 (04
47 1m 1.15 0.0714 8 | 1510.53 6.7 045 10.39
' 12 0.8 7.5 0.5 |05
15 1 10.5 0.7 10.73

Table (5.2) Transmission coefficient (Ct) for different breakwater model (M2)

Experimental measurement(cm) (Ct) =(Ht/Hi)
Length Period | Wave .
Model | RPM of T (sec) | steepness Hs | Hi | Hs/Hi | Ht Experi CFD
wave ) mental
(H/L)
0 0 2.0 10.2 0.23
4 0.4 3.1 1031 0.33
30 0.0769 8 10 [ 0.8 3.7 10.37 0.35
1.3m 1075 12 12 |41 |04l [039
15 1.5 5 0.5 0.47
0 0 3.0 | 0.25 0.26
M2 4 033 4.0 [0.33 0.36
35 1.75m | 1 0.0685 8 12 10.6 4.2 10.35 0.32
12 1 5.1 10.425 0.40
15 1.25 7.7 10.64 0.61
0 0 4.1 10.27 0.25
4 026 |5.1 [0.34 0.32
47 21m | 1.15 ]0.0714 8 15 10.53 6.0 04 0.36
12 0.8 7.0 10.46 0.411
15 1 9 0.6 0.56
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Table (5.3) Transmission coefficient (Ct) for different breakwater model (M3)

Experimental measurement (cm)

(Ct) =(Hy/Hi)

Mod RPM Legfgth Period T ['Wwave .

el wave (sec) steepness | Hs | Hi | Hs/Hi | Ht Exp eriment CFD
(Hi/L) a

0 0 35 0.35 0.33

4 04 |42 0.42 0.39

30 00769 |8 |10 [08 |51 0.51 0.47

13m ) 0.75 12 12 |55 0.55 0.52

15 15 |67 0.67 0.65

0 0 4 0.33 0.29

4 033 |56 0.46 0.41

M3 |35 1.75m | 1 00685 |8 |12 [06 |59 0.49 0.45

12 1 6.6 0.55 0.51

15 125 9.0 0.75 0.69

0 0 6 0.4 0.4

4 026 |76 0.50 0.46

47 2.1m | 1.15 00714 [8 |15 [0.53 |87 0.58 0.53

12 08 |92 0.61 0.58

15 1 12 0.8 0.72

Table (5.4) Transmission coefficient (Ct) for different breakwater model (M4)

Experimental measurement(cm) Ct =(Ht/Hi)
Mode Length | Period Wave ‘
1 RPM ng,e (SZC) steepness | Hs | Hi | Hs/Hi | Ht S;I; Trlm CFD
(H/L)
0 0 2.8 0.28 0.24
4 0.4 3.8 0.38 0.39
30 0.0769 8 10 0.8 4.3 0.43 0.43
1.3m 1 0.75 12 12 | 48 | 048 | 045
15 1.5 5.9 0.59 0.53
0 0 33 0.275 0.29
4 033 | 49 0.41 0.45
M4 35 1.75m | 1 0.0685 8 12 0.6 52 0.433 0.48
12 1 5.9 0.5 0.51
15 1.25 7 0.59 0.54
0 0 5 0.33 0.34
4 0.26 6 0.4 0.44
47 1.15 |0.0714 8 15 0.53 | 7.3 0.486 0.5
12 0.8 8.3 0.55 0.56
2.1m 15 1 11 | 0.733 0.7
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Table (5.5) Transmission coefficient (Ct) for different breakwater model (M5)

Experimental measurement (cm) (Cy) =(Ht/Hi)
Lengt . Wave
Mecl)d P h Of Perslé):T steepn Hs i (Hs/Hi) H, Experime CFD
M | wave ess ntal
(Hi/L)
0 0 5 0.35 0.33
4 0.4 6 0.42 0.39
30 0.0769 | 8 10 0.8 6.5 0.51 0.47
1.3m 1 0.75 12 12 | 75 055 | 0.52
15 1.5 8.3 0.67 0.65
0 0 5.5 0.33 0.29
4 0.33 6.5 0.46 0.41
M5 |35 | 1.75m |1 0.0685 8 12 0.6 7 0.49 0.45
12 1 8 0.55 0.51
15 1.25 9.5 0.75 0.69
0 0 6.5 0.4 0.4
4 0.26 8 0.50 0.46
47 [2.1m | 1.15 0.0714 | 8 15 0.53 9.4 0.58 0.53
12 0.8 10 0.61 0.58
15 1 12.7 0.8 0.72

5.4 Comparison of CFD Result and Experiments

Table (5.6) presents a statistical analysis of the output obtained from the CFD
(Fluent solver) in comparison to experimental results. The relative error equation
(5.1) and, Table (5.6) shows the output data obtained for different conditions of
waves (0.10 m and 0.12 m) and submerge depths (0, 4, 8, 12, and 15 cm). According
to the statistical data outcome (Regression and Nash number). Figure (5.10),
demonstrates the regression coefficient for observed and predicted data with

regression approaches R?= 88 %.

Measured value —predicted value
RE = P *100 e (5.1)

measured value

The Nash Sutcliffe efficiency (NSE) is a normalized statistic that determines the

relative magnitude of the residual variance (nose) compared to the measured data

68



| Chapter Five Discussion of CFD and Experimental Result

variance (Nash and Sutcliffe ,1970). NSE indicates how well the plot of observed

versus simulated data fit the 1:1-line, equation (5.2) represent the NSE equation

n obs_y,simy2
NES = 1 — | Zia 20—
?=1 (YiObS—Yimean)Z ..................

(5.2)

Where: Y; ° = is the ith observation for the constituent being evaluated, Y; 5™ = is
the ith simulated value for the constituent being evaluated, ¥ ™" = is the mean
observation data for the constituent being evaluated, and n is the total number of

observations. For the current data analysis, the NSE number equal to 0.8.

Table (5.6) Relative Error on results of Fluent and Experiments

nge Submerged depth Transmission wave
Parameters height Ht(m) R.E (%)
(m) (cm) CFD Exp
0 0.04 0.044 9
4 0.036 0.041 12
7 0.031 0.037 16
0.1 9 0.026 0.030 13
Wave 15 0.018 0.018 0
characteristics 0 0.048 0.045 6
4 0.04 0.04 0
0.12 7 0.036 0.039 7
9 0.031 0.037 16
15 0.021 0.020 5
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NSE =0.8
R>=0.883
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0.035
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0.025
0.02

0.015
0.015 0.025 0.035 0.045 0.055

CFD predicte wave transnission (Ht)m

Expremental Wave Transnission (Ht)m

Figure (5.10) Regression for observed and predicted data

5.5 Different hydraulic waves behaviour :

One of the powerful features of CFD modelling is the graphical output of
numerical variables, a small part of which represented in the following figure (5.11),
(5.12), (5.13), (5.14) and (5.15). These figures represent different output for model
M2 for different wave behaviour, velocity profile, eddy viscosity, turbulence

frequency, pressure distribution, and stream flow victor colour by celerity of wave.

Figures (5.16), (5.17) Represent the turbulence intensity for different
breakwater model, steps slope model makes the highest turbulence and dissipations

more energy caused by eddy forms.
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Figure (5.11) velocity distrbution for steps slope breakwater
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Figure (5.12) Eddy viscosity distribution for steps slope breakwater
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Pressure [Pa) ] 0250 0500 (m)
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Figure (5.13) pressure distribution for steps slope breakwater
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Figure (5.14) Turbulence eddy frequency for steps slope breakwater
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Figure (5.15) flow vectors colour by velocity for steps slope breakwater
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Figure (5.16) Eddy viscosity for different breakwater model
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It is noticeable through the results of the mathematical model and laboratory
work, that there is a very good match between the results of laboratory and the

mathematical model (ANSYS. Fluent 17).

It is observed that, by comparing the results of the free surface and the wave
tracing from the wave generating zone until reaching the breakwater zone , Figure
(5.1) shows a clear match between then .The results showed that it is possible to rely
on the mathematical model to represent various models (shape, size, wave
conditions) in order to reduce the time and the number of laboratory experiments
test. One of the things that was also clear is that the representation of the wave
absorption region is very necessary to minimize the effect of the reflecting wave on

the value of the transmission coefficient Ct.

If compare the results of models studied (M;, M2, M3, M4, and Ms), the highest
energy dissipations values were obtained from the model (M2). The model work to
disturb the wave and break it gradually starting from its arrival at the face side

(roughness surface) of breakwater until crossing it beyond the breakwater.

The highest value for energy dissipations (1 - Ct) % are received for zero

submerged depth in model of sloped steps model (M) is 80 %.

By reviewing the results of the CFD model, the wave dissipations process goes
through three stages, starting from the front of the breakwater with a distance not
exceeding one wavelength, where the breaker begins to affect the characteristic of
the wave, then when the wave reaches the breakwater body, the breaker acts as a
barrier to the passage of the wave. The irregularity of the breaker surface (Roughness
of surface), here it plays as an auxiliary factor for the dispersion of energy on the

lateral slope and the upper breaker surface.
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On the other hand, Table (5.2) shows that the presence of steps at the front of
the breaker have a limited effect on transmissions coefficient which is obvious to a
certain extent to the heights of the submerged depth (Hs), for height of submerged

depth exceeding the wave height or more.

The results also showed that the values of the wave dispersion coefficient
depending on the breakwater cross section (such as ruble mound, rectangular, sloped
steps, narrow, and inclination), starting from the least effective, the narrow shape,
and the most effective breaker with a wide cross section, which is considered the

most efficient in terms of performance.

Through the results obtained from table (5.1) and (5.2), for model MI, M2
respectively, the effect of the rough surface of the breakwater is determined by
certain wave heights, and its effect is obvious at wave heights that exceed the height
of the submerged depth (10 cm ,12 cm) or more. And this is really an important
conclusion that leads to the fact that the surface roughness of the breaker has a
limited effect on the dispersion performance depending on the wave height and the

submersible depth of the breaker.
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6.1 Introduction

In this chapter, the mathematical model will be employed to model the entire
case study (Annajaf-sea depression), which needs to employ the breakwater an
optimal location, and practically studied taking into account all the influencing
factors, wind speed, wind direction, water level, topography, bathymetry, and other

factors.

Annajaf sea depression located in south-middle of Iraq was exposed to many
storms during many years depending on the weather condition and geographical
nature of this area. In 2019 and 2020, specifically in the October, the region was
exposed to high intensity rain storm and very strong winds, which led to the flooding
of the road adjacent to the sea and large costal erosion of some neighboring areas. In
fact, this area does not have weather gauge stations, but there are two measurement
stations considered nearby the site and it is possible to rely on them to estimate the
speed values recorded in the area according to the correspondence of the nature

extending between the study area and the measurement station. In addition

In order to modeling these storms and their impact on neighboring areas, the
MIKE21 by DHI was used to model the worst-case scenario that could occur in the
study area and propose possible optimal location of mitigation structure to avoid the

damage caused by wind induced wave.
6.2 Description of the Study Area

One of Iraq's historic low water bodies is the Bahr Al-Najaf depression. It was

regarded as a natural lake and was situated in the southwest of the Al-Najaf city
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Centre. The region has a total surface area of 251 km?, and its position may be
determined by the coordinates 44° 11' 34" to 44° 22' 37", and 31°47' 11" to 32° 04"
08," respectively. It has a lake within that has a about 90 km? size. Due to influx,
precipitation, and seasonal weather changes, that area fluctuated between increases
and decreases. The area is classified as a desert where water levels rise throughout

the winter owing to increasing rainfall. (Omran, et al., 2014).

The water shades area’s slope progressively steepens as it moves from the west
and south-west to the north and northeast. Three major valleys, Kharr, Shoaib Al-
Rahimawi, and Maleh, have a wide area and riles multiple source (Runoff and
Ground water) to the Bahr Al-Najaf lake. These valleys also help to replenish the
groundwater in the area. (Farhan, and Abed, 2021). Figure (6.1) shows position of
Bahr Al-Najaf depression.

In fact, the study area is located within a high stipe gradient area, figure (6.2)
shows the high gradient in elevation. The Digital Elevation (DEM) of the adjacent
areas demonstrated the vary high difference in elevation between the lake and
surrounded areas. This high difference in elevation it makes the lakes as a collector
of rainwater and runoff of water shaded area that leads to makes the water level in

the lake variable continuously.

o b (o

= r LR "
Najaf T - -
Bahr Al-Najaf depression

Figure (6.1) Bahr Annajaf depression according to Iraqi Map
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This area was exposed to flood waves resulting from the flocculation rise of the
water level in the lake, in addition to the waves generated by high winds recorded at
Gauge stations adjacent to the area, the following figure (6.3) shows the road
strategic line in Bahar Al-Najaf, which is always exposed to the erosion as a result

of the waves generated by the wind and water level rises.

l: 1090 m
866 m

644 m
.: 389 m

127 m

18 m

Figure (6.2) Digital Elevation Model for surrounded area of Bahr Annajaf

(https://earthexplorer.usgs.gov)

Figure (6.3) Damage in the strategic line in Bahr Annajaf
78



Chapter Six Case Study

6.3 Weather Data

The climate of Iraq fundamentally is continental, subtropical semi-arid type and
a Mediterranean climate in the mountainous regions at the north and north-eastern
side. The occurrence of precipitation is seasonally and concentrates in the winter
from December to February, with the exception in the north and northeast region of
Iraq in which the season of rainfall extends from November to April. The annual
rainfall ranges fall between 1200 mm in the northeast to less than 100 mm which
represents over 60 percent of the country area in the south, while the overall average

value of precipitation is 216 mm, (Ali , 2020).

Accurate wind field data collected by meteorological models and analysis are
required for excellent wave hindcasting and forecasting. Because the wind field is

the primary driving factor in spectral wave models. Xiana, et al (2019).

Shebja gauge station, it’s automatic weather stations belonging to the Iraqi Ministry
of Agriculture that have been installed and operated near the southern Bahr Annajaf
(Lat 31.68: log 44.3). The historical data records at (Shbicha, and Annajaf) gauge
stations near the site for a short period (2013 to 2023) don’t contain consistent data,
such as wind direction, and cannot be relied on to determine the wind characteristic
prevailing in the area. So integrated data was adopted from MERRA-2 Sat, NASA
(Modern-Era Retrospective analysis for Research and Applications) for a long time
period (1980-2023) that were calibrated with correlation (R?) equal to 0.71 for the
same time period recorded for the Shbicha station, figure (6.4) shows the correlation

between measured data and predicted by MERRA-2Sat

The weather statistics according to MERRA-2 Sat in table (6.1) show that, a
North-West (NW) 315° wind direction predominates with a frequency of 25 %. The

windiest direction over a longer period is NW, with a Max wind average multiyear
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15 (m/s). With winds gusting to 12 m/s, the N and W directions have the second-

strongest winds. as seen in figure (6.4). For the simulation experiments, the least safe

wind speed and direction combinations are chosen. Table (6.1) Shows wind

parameters in the study area for a period (1979-2023).

14

10

wind speed (mls) Max daily MERRA 2-
SAT NASA

12 R?=0.71

wind speed (m/s) Max daily (Shebja)

10 12 14

Figure (6.4) Correlation between the Shebja Gauge Station (2013-2021) and data
prediction by MERRA-2 Sat NASA

Table (6.1) Wind Characteristics for the study area for a period (1979-2023)

Location Wind direction (degree) Max wind average multiyear
(m/s)

North 360 9
North — northwest (NN'W) 337.5 12
Northwest (NW) 315 15
West-northwest(WNW) 290 7
West (W) 270 9
South(S) 180 7
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Wind speed (m/s)
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Figure (6.4) Rose chart and frequency of wind recorded of Bahr Annajaf.
6.3.1 Wind Speed and Probability of Occurrence

The probability of occurrence of a certain wind speed is the likelihood that the
wind will reach that speed in a given period of time. This probability is often
expressed as a percentage or a fraction. The recurrence interval, commonly referred

to as the return time, is defined as:

T=2 6.1)

P
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This is the typical interval between wind events with magnitudes equal to or
higher than X. The correct formula offers the probability P that an event will occur

with a value of equal to or higher than. Chanson, H. (2004).

_ m+0.41
"~ N+0.53

After calculating P for each event in the series, the variation of the velocity wind
magnitude is shown on a semi-log graph against the matching P. The velocity wind
magnitude of specified height for any P may be determined using proper
extrapolation of this figure within applicable constraints. Chanson, H. (2004).

K=-07797+[05772+Im(in-2)| L (6.3)

According to Chow (1951), the general equation of hydrologic frequency
analysis may be used to describe the bulk of frequency distribution functions relevant
to hydrologic investigations. Xr=u+K*s; where u is the mean, s is the standard
deviation, and K 1is the frequency factor that depends on the return period, T, and the
assumed frequency distribution, and Xt is the value of the variate X in a random

hydrologic series with a return time T.

2
ST =2V[(1+11396K +11K%} 2| L (6.4)

Table (6.3) displays the wind speeds for various return period that were translated to

10 meters above sea level. Chanson, H. (2004).
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Table (6.3) Wind speed at the Bahar AL-Najaf for different Return Periods (unit:

m/s) for maximum monthly for a period (1979-2023).

T (once in) K MaxWind speed (m/s)

25 year 2.043 21.17

50 year 2.592 22.80

75 year 2911 23.74

100 year 3.136 2441
Mean speed = 15.12 (m/s). Standard deviation = 2.96. Coefficient of variation = 0.195.
Coefficient of skewness = 0.3082. Alfa parameter= 2.3086. Beta parameter = 16.4575,
Kurtosis coefficient = 3.0462 (parameters for return period 50 years)
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Figure (6.5) probability of exceedance for 50 years return period
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6.3.2 Monitoring Water Bodies (USGS) and (NASA):

Landsat 8 and 9 are two satellites that are part of the Landsat program, which is
a joint effort between the U.S. Geological Survey (USGS) and NASA. These
satellites are equipped with sensors that can capture images of the Earth's surface in
various wavelengths, including visible and infrared light. This allows them to
monitor changes in land cover, vegetation, and water bodies over time.

Both satellites orbit the Earth and capture images of the entire planet, providing a
valuable resource for monitoring changes in water cover over land. These images
can be used for various applications, including tracking changes in water bodies,
monitoring water resources, and assessing the impact of natural disasters such as

floods. (https://landsat.gsfc.nasa.gov).

The Landsat 8-9 collection contains imagery from the two most recently
launched Landsat satellites (Landsat 8 and Landsat 9, provided by NASA/USGS).
Both carry the Operational Land Imager (OLI) and the Thermal Infrared Sensor
(TIRS), with 9 optical and 2 thermal bands. These two sensors provide seasonal
coverage of the global landmass.

The data collected by Landsat 8 and 9 can be used to create radar images of
water cover over land, providing valuable information for environmental monitoring,
resource management, and scientific research.

Overall, Landsat 8's high-resolution imagery and bands of water bodies are valuable
tools for monitoring and managing river systems, lakes, and reservoirs, contributing
to the sustainable management of water resources and ecosystems.

Normalized Difference Water Index (NDWI):

The NDWI is used to monitor changes related to water content in water bodies.
As water bodies strongly absorb light in visible to infrared electromagnetic spectrum,

NDWTI uses green and near infrared bands to highlight water bodies. It is sensitive to
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built-up land and can result in over-estimation of water bodies. The index was
proposed by McFeeters, 1996. The normalized difference water index is most
appropriate for water body mapping. Values of water bodies are larger than 0.5.
Vegetation has smaller values. Figure (6.6) NDWI for Najaf lake at (10-9-2022).
Monitoring the height of the highest water level in the lake is very important to

identify areas that may be at risk of being flooded by waves and also identify areas
that need to be control points to determine the location of the breakwater. The Bands
visuals by NASA/USGS were used for the study area to monitor the highest recorded
level of the lake for a period (2002 to 2023).

The lowest level of the lake was recorded during 2003 and the highest rise was
recorded during the years 2020, as shown in the attached figures (6.7)
Table (6.4) historical received of water bodies surface area in Bahar Al-Najaf during

(2002-2023), sources. Sentinel-2 satellite, provided by NASA/USGS

Figure (6.6) NDWI for Najaf lake; https://custom-scripts.sentinel-hub.com
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Table (6.4) historical received of water bodies surface area in Bahar Al-Najaf during

(2002-2023), sources. Sentinel-2 satellite, provided by NASA/USGS

Year 2002 | 200 | 200 | 200 | 200 |2007 |2008 |2009 | 2010 |2011 2012
3 4 5 6

Waterbody | 9.7 | 4.7 | 7.45 |30.7 |33.6 | 40.34 | 47.78 | 46.77 | 55.76 | 40.67 | 44.25
(Km?) 8 7

m.s.] (m) 12.1 | 125 |12.6 | 13.1 | 13.4 | 14.00 | 15.12 | 15.00 | 15.7 | 14.1 14.88
7 5

year 2013 | 201 | 201 |201 (201 |2018 |2019 |2020 |2021 |2022 2023
4 5 6 7

Water body | 52.53 | 84.4 | 85.6 | 87.4 | 88.2 | 108.2 | 111.8 | 130 1299 | 12041 | 110.32
(Km?) 5 55 4 5 7 5 6 9

m.s.] (m) 1536 | 16.0 | 16.2 | 17.1 | 17.3 | 18.5 | 19.00 | 20.00 | 20.00 | 19.48 18.7
0 3 3 4
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Figure (6.7) water bodies area for long period recorded (2002-2023), sources.
Sentinel-2 satellite, provided by NASA/USGS
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Figure (6.8) water bodies propagated during period (2013-2023). NASA/USGS
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6.4 Watershed and Runoff estimation
Many studies have dealt with the hydrological aspect of the study area, which

have reached the results that the source of water in the lake is the result of feeding
through groundwater and Runoff. The most important study prepared by Ali (2020).
This study used a mathematical model SWAT and the model was fed data for more
than 30 years and worked on predicting the values of Runoff for very long periods,
the following figures (6.9), (6.10), (6.11) and (6.12) represent some of results of this
study.

3AB8°300°E  39°30'0"E 40°300°E 41°30'0°E  42°30'0"E  43°20'0°E  44°30'0°E

-l L L] L] L] L L 1 L}
z| M
o \ =
4\ 5
- \_'&l =]
& o
5 Lo ]
z
e =
2 e
=2 £
s =
=
= =
st =
@ n
&
z
=] =
a[ e
8 5
L o
=
o z
st 2
~ Walershed @
—Reach N
= 025 50 100
i Qutlet Point )

39°30'0"E  40°30'0"E  41°30°0"E  427300"E  43°30'0"E  447300'E

Figure (6.9) Watershed delineation of Najaf Lake, (Ali, 2020)
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Figure (6.10) Runoff depth predicted by SWAT model, Source (Ali, 2020)
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Figure (6.12) Simulated annual runoff as an inflow to Najaf lake. Source (Ali, 2020)
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6.5 Mathematical Model Build-Up (MIKE21)

Figure (6.13) represented six steps will commonly make up the Model
Checklist when using the generation spectral wind-wave models in MIKE21 SW to
forecast the onset, decline, and transformation of wind-generated waves and swell in
offshore and coastal environments. Each stage will consistence many details
according to the conditions of physical phenomena need to be model and boundary
condition.

The first step in preparing the model is to selected (bounded outline) the study
area by making a shape file by uploading a high-resolution aerial image and bounded
the outer boundaries of the area, then a geo-referencing of the map is made using the

GIS program or any geographic information program.

The next step. Make abstract of the downloaded bathymetry data according to
the boundaries of the region in the previous step. And then build up a map that has

the three coordinates XY and Z.

The third step is very important, making meshing of the area, and remark the
most important zone (breakwater location) in the study by determining it with a
polygon for the purpose of increasing the density of division in this zone in order to
obtain results with high accuracy. It must be ensured that the solution is no longer

dependent on the values of the meshing size (mesh independent solution).

After that, the last steps depend on the values of the boundary condition by
determining the direction and speed of the wind and the equations that describe the

spectral of the projected wind and the type of model used.
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Figure (6.13) Steps of build-up MIKE21 SW model.
6.5.1 Computational Domain and Bathymetric Data

A global team of professionals in ocean mapping makes up the General
Bathymetric Chart of the Oceans and Wet Land (GEBCO). The most accurate
publicly accessible water level of the world's seas is provided by this group.
Bathymetric data at each site, where available, was provided in the form of
hydrographic charts (Iraq, Najaf) or in digital X, Y, Z format and additional gridded
data from GEBCO. Using MIKE 21 Go-Referencing, the hydrographic charts were
digitalized, and the digital data entered was transformed to MIKE21 forms. The
computational grids for target area were then made utilizing these data sets and the
Mesh editor in MIKE21-mesh generation. Figure (6.14) shows scatter data

downloaded and abstract to specified area (case study).

After downloaded scatter data X, Y, and Z of selected area, the bathymetry map
was build-up and interpolation of these data are represented the final shape of area

with three-dimensional, figure (6.15) shows bathymetry map after interpolations
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Figure (6.14) Scatter data abstracted to selected area
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Figure (6.15) Bathymetry data after interpolation overall area
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6.5.2 Validation of Bathymetric Data

Validity, a very important expression when dealing with mathematical models
that directly depend on this data. Ten random points were identified near the
confluence of the lake with the road and the height of the water at these points was
measured conventionally using a measuring ruler with the coordinates of these points
determined using GPS. Figure (6.16) shows the random points selected for

compression between measured water level and GEBCO data downloaded.

The following Table (6.5) shows the differences between the actual values measured

with the loaded bathymetric data (GEBCO).
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422000 424000 426000 428000 430000 432000 434000
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Figure (6.16) points selected to validation GEBCO data
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Table (6.5) shows the differences between the actual values measured with the

loaded bathymetric data GEBCO

POINT Coordinate Bathymetric
X Y Imported (GEBCO) | Measurement

1 432886.788 | 3540520.976 -2.311 -2.109
2 433016.876 | 3539821.752 -4.11 -3.72
3 433569.751 | 3539366.443 -3.62 -3.31
4 433195.747 | 3539252.616 -4.12 -3.90
5 433683.578 | 3538829.829 -2.51 -2.31
6 433114.524 | 3538748.524 -2.86 -2.60
7 433666.034 | 3538526.159 -2.178 -2.101
8 432900.838 | 3537956.332 -2.002 -1.92
9 432705.469 | 3537370.225 -1.992 -1.82
10 432622.234 | 3536881.123 -1.991 -1. 81

It 1s clear from the observation of the table above that the difference between

the GEBCO values and the field measured values is very small and may not exceed

10 %.
6.5.3 Discretized the domain and mesh

Numerical solutions in most engineering codes ( ANSYS , MIKE , FLOW3D,
WAVEWATCH ,) require checking the validity of the element size in the division
to avoid instability of the results .A lot of scientific articles and researches in this
regard , most of them recommend using the optimal size of the mesh so that the
divisions are not too smooth making the solution very complex and needs large
processors to accommodate, and the size of the network is not large so that the
physical phenomenon cannot be represented very correctly,(mesh independent

solutions) .

In the current study, more than one model was tested and the best result was

obtained for dividing the mesh using the method of specific zone of the smoothing
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areas (zone of proposal breakwater layout). Figures (6.17), (6.18) shows the default
mesh discretized and unstructured mesh discretized with zone adoption near the
breakwater layout respectively, mesh size was selected with mesh independent
solution for many sizes tested (200,175,120, 90, 75, 55, 46, 35, and 27 m). the
optimum mesh discretized had been selected for the present work with mesh element

size 35 m length.
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Figure (6.17) default mesh discretized without any zone adaption
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Figure (6.18) unstructured mesh discretized with zone adaption
6.5.4 Validation of Mathematical Model (MIKE21)

In clearly, the validation of a mathematical model (MIKE21SW) involves
comparing its predictions with actual observations measurements to ensure its

accuracy and reliability for real-world applications.

The Guanting, Hedi, and Putian formulas are three of the most often used
empirical formulae for wave high and period measurements. Consistent with the
research conducted by Li et al. (2006), the use of the Putian formula may be
employed for the estimation of the mean height and duration of water waves. the

Putian formula was proposed by (Duan 1996) to calculate wave run-up height
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according to six years of observation at the seawall of Putian, China. In 2002, and
made agood results in many studies as mention above. Equation (6.5) represent the

wind induce wave growth formula is as follows:

0.0018 (gD/WZ)O'45

0.13 tanh[o.7 (gHm/Wz)M]

o H
gw—z = 0.13 tanh [0.7 (gW—;n)Oj] tanh

where: D represent fetch (meters), Hy, : sea depth in average (meters), hy, : average
wave height (m), Ty, is the average wave period (s), and w is the computed wind

speed (m/s).

In order to validate the accuracy of the MIKE21 SW model, wave heights are
computed for the designated research region in accordance with both the model itself
and the empirical formula outlined in equation (6.5). The empirical formula findings,

in relation to the SW model, are shown in Table (6.6) and Figure (6.19).

Table (6.6) Result of average wave height (empirical formula and numerical model)

hm
Water Fetch
Wind speed hm hm Empirical-
Points depth H, | Wind direction length
W (m/s) Empirical stz hm
(m) (m) .
Numerical
01 5.10 NNW (360° |9 11345 0.89 1.01 0.12
02 5.60 NW (3159 15 12678 1.25 1.31 0.06
03 4.75 NNW  (290°) 12 11690 1.21 1.29 0.08
04 4.11 NNW (270°) |7 7689 0.76 0.73 0.03
05 4.67 NNW (260°) |5 6567 0.52 0.5 0.02
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Figure (6.19) Compression between empirical and numerical results.
6.6 Layout of Breakwater Specification

The main purpose of preparing this section was how to employ energy
dispersal facilities and breakwater orientations to protect the zone selected in the
figure (6.20) road of Maamal. It can be seen that in figure (6.21), the shore line alone
the road of Maamal are subject to the risk of wave induced flood for any point with

land elevations less than 0.7 m from zero water level of lake (20 m.s.a.)

Figure (6.22) shows three distinct layouts (scheme 1, 2, and 3) with varied
breakwater length and directions were considered. The impact of the breakwater on
the wave field under various circumstances was then studied in order to give the
construction unit with accurate simulation results. Figure (6.23) depicts the
breakwater's points monitors (P1 -P10) for all scheme type to demonstrated the

reduction in wave high in each point.
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Proposed Breakwater

Zone to be protected <

Zone to be Protected When
Wave heigh More Than 0.7 m

Figure (6.21) Some of point elevation llong the line of land-water (red points

inside zone of protection) (blue points outside zone of protection)
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Figure (6.22) layout of proposed breakwater

Virtual Points
to Monitor Wave Height

429000 430000 431000 432000 433000 434000 [

Figure (6.23) virtual points to monitor wave high in proposed breakwater.
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Table (6.7) below described the three-scheme layout for breakwater

specification used to represented the optimal location of breakwater layout in the

different orientation.

Table (6.7) layout of breakwater

Scheme Details of proposed Breakwater

proposed

Scheme 1 The breakwater is 800 meters long in total; the broken line sections on
the south and east sides are each 170 meters long. Crest level = mean

sea level MSL, wave direction orthogonal on breakwater (315°)

Scheme 2 The breakwater is 862 meters long overall; the sections with broken

lines on the west and east sides are each 177 meters long. Crest level =
mean sea level MSL, wave direction (295°)
Scheme 3 The breakwater is 879 meters long and is oriented in a straight line at a

36-degree angle from the azimuth. Crest level = mean sea level MSL

In this part, a set of graphical outputs will be presented for modeling the study

area, which represents the worst case of wind induced wave necessity as mentioned

earlier. Figures (6.24), (6.25), (6.26) and (6.27), represented water depth, sign wave

height, and wave period respectively.

Figure (6.28), (6.29), and (6.30) shows the Significant wave height in the
direction NNW (315°) for three different Scheme, it is clear from these figures that

the scheme 1 scenario of the breaker layout gives the highest efficiency to reduce the

wave height in the concerned area and covers the highest area on the coast and the

adjacent area of wave activity.
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Figure (6.24) water depth and boundry of lake
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Figure (6.25) sign wave hight (wind direction 315°)
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Figure (6. 26) wave period (wind direction 315°)
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Figure (6.27) velocity vector distribution (wind direction 315°)
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Figure (6.28) sign wave height distrbution (scheme 3 line breakwater)
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Figure (6.29) sign wave height distribution (scheme 2 breakwater)
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Figure (6.30) sign wave height distribution (scheme 1 breakwater)
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The following tables (6.8),(6.9) and (6.10) represent result of implantation of

three scheme of breakwater for different wind induced wave direction (315°,290°,

and 270°).

Table (6.8) details of three schemes breakwater layout and results of MIKE21 SW

model and points features (wind direction 315°).

Breakwater
Scheme

Point
monitor

(1to38)

X_
coordinates
m

y-coordinates
m

Sign
Wave
high
(m)

Covering
area with
wave sign
height less
than 0.7 m
(km?)

Length of
shoreline

protect
(Km)

Scheme 1

Points
(1-8)

432431.798

3538289.742

0.77

432449.762

3538501.743

0.76

432658.172

3538778.423

1.22

432884.546

3539051.509

1.23

432913.292

3539026.356

0.72

432557.345

3538778.423

0.12

432482.103

3538494.557

0.09

432482.103

3538296.929

0.54

1.19

1.89

Scheme 2

Points
(1-8)

432844.678

3538361.876

0.79

432822.900

3538522.123

0.77

433034.678

3538811.900

1.21

433257.123

3539062.122

1.15

433279.124

3539044.234

0.65

433077.236

3538800.129

0.11

433850.234

3538525.789

0.08

432869.654

3538361.876

0.50

0.889

1.65

Scheme 3

Points
(1-8)

432444.157

3538478.203

0.833

432617.372

3538705.032

1.22

432800.898

3538940.110

1.23

432969.989

3539164.8.77

0.78

433000.009

3539137.213

0.253

432851.053

3538934.092

0.148

432661.473

3538685.832

0.168

432489.949

3538464.655

0.54

1.11

1.77
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Table (6.9) details of three schemes breakwater layout and results of MIKE21 SW

model and points features (wind direction 290°).

Breakwater
Scheme

Point
monitor
(1to38)

X_
coordinates
m

y-coordinates
m

Sign
Wave
high
(m)

Covering
area with
wave sign
height less
than 0.7 m
(km?)

Length of
shoreline

protect
(Km)

Scheme 1

Point
(1-8)

432431.798

3538289.742

0.72

432449.762

3538501.743

0.71

432658.172

3538778.423

1.20

432884.546

3539051.509

1.18

432913.292

3539026.356

0.79

432557.345

3538778.423

0.14

432482.103

3538494.557

0.08

432482.103

3538296.929

0.56

1.08

2.11

Scheme 2

Point
(1-8)

432844.678

3538361.876

0.78

432822.900

3538522.123

0.74

433034.678

3538811.900

1.91

433257.123

3539062.122

1.12

433279.124

3539044.234

0.66

433077.236

3538800.129

0.13

433850.234

3538525.789

0.09

432869.654

3538361.876

0.53

0.92

1.68

Scheme 3

Point
(1-8)

432444.157

3538478.203

0.81

432617.372

3538705.032

1.20

432800.898

3538940.110

1.23

432969.989

3539164.8.77

0.78

433000.009

3539137.213

0.24

432851.053

3538934.092

0.12

432661.473

3538685.832

0.15

432489.949

3538464.655

0.56

1.08

1.70
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Table (6.10) details of three schemes breakwater layout and results of MIKE21 SW

model and points features (wind direction 270°).

Breakwater
Scheme

Point
monitor
(1to38)

X_
coordinates
m

y-coordinates
m

Sign
Wave
high
(m)

Covering
area with
wave sign
height less
than 0.7 m
(km?)

Length of
shoreline

protect
(Km)

Scheme 1

Point
(1-8)

432431.798

3538289.742

0.75

432449.762

3538501.743

0.77

432658.172

3538778.423

1.21

432884.546

3539051.509

1.21

432913.292

3539026.356

0.73

432557.345

3538778.423

0.12

432482.103

3538494.557

0.085

432482.103

3538296.929

0.55

1.10

1.92

Scheme 2

Point
(1-8)

432844.678

3538361.876

0.76

432822.900

3538522.123

0.71

433034.678

3538811.900

1.23

433257.123

3539062.122

1.13

433279.124

3539044.234

0.68

433077.236

3538800.129

0.11

433850.234

3538525.789

0.08

432869.654

3538361.876

0.52

0.917

1.69

Scheme 3

Point
(1-8)

432444.157

3538478.203

0.81

432617.372

3538705.032

1.21

432800.898

3538940.110

1.24

432969.989

3539164.8.77

0.77

433000.009

3539137.213

0.24

432851.053

3538934.092

0.12

432661.473

3538685.832

0.15

432489.949

3538464.655

0.56

1.2

1.73
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Figures (6.31), (6.32), and (6.33) demonstrated the sign wave height
distribution for scheme 1 breakwater according to different wind direction, it can be
seen from these figures the wave distribution are very sensitive to the wind spectral
direction. according to above details of wave distribution the optimal location of

breakwater was selected according to the most dominated wind direction and

frequency (315°).
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Figure (6.31) sign wave height distribution for scheme 1 (315°)
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Figure (6.32) Sign wave height distribution for scheme 1 (290°)
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Figure (6.33) Sign wave height distribution for scheme 1 (270°)
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6.7 Design Breakwater (Cross -Section)

The selection of the breakwater cross-section is a complementary part to the
selection of the breakwater location specified in the previous section. In the chapter
four of this study, many shapes cross section of Breakwater has been tested
experimentally and mathematically, and the best form among these shapes was
determined according to the highest energy dispersion coefficient and the lowest
wave transmission (Ct) through the breakwater. The steps slope model (M2) that

make the highest dispersion coefficient.

In this part of the research. Based on the full-scale spectral wave model SW result
outcome (wave height, wave length, wave period, bathymetry data, for depression of

Najaf see, an addition to the optimal location of breakwater layout (scheme 1).

Four models derived from the best shape (M2) chosen in the chapter four of
this study with the adoption of the wave characteristics resulting from the

mathematical model of SW.

Table (6.11) shows the four models that were tested for the purpose of
determining the best cross-section that meets the requirements of the breakwater in

terms of its performance in dispersing wave energy.

All the four model (MD1, MD2, MD3, and MD4) had been simulated by Fluent
solver to demonstrated the efficient each model according to values of transmission

coefficient (Ct), rate of energy dissipation, and large eddy disturbances.

Table (6.12) shows the results of transmission coefficient and rate of wave
dissipations for different model. It can be seen that the largest energy dissipations are

received for model MD1, and MD2.
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A set of graphical image outputs such as turbulence energy frequency and

wave breaking profile shows the difference between the four models tested.

It is noticeable that the first and second models (MD1, MD2) gave the highest
value of the wave dispersion coefficient. It is possible that the reason for that the
upper part of the structure of the breakwater play as a stiling Basin and the inclined

part breaks the wave before it reaches the top of the breakwater.

Figures (6.34), (6.35), (6.36), and (6.37) demonstrated the cross-section shape
and dimensions of breakwater for different model had been used. Wave generation

according to time steps presented in figure (6.38).

Figure (6.39) shows the wave breaking stages cross the breakwater for different

breakwater model.

Table (6.11) Characteristics of model derived from M1

- som | 1 Number | Steps size Wave
ode mbo escription
y p of steps (m) Characteristics

MD1 | Figure (6.34) 13

MD2 Figure (6.35) 8 0.05 *0.05
Result of spectral

wave model (SW)

MD3 | Figure (6.36) 10

MD4 Figure (6.37) 4
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Table (6.12) Results of transmission coefficient for different breakwater model

Inciden Submer o
Wave Wave Wave transmission Wave
t wave ged
Model Symbol ) length period transmission | coefficient | dissipation
height( depth
(m) (sec) height (m) (Ct) s rate (%)
m) (m)
o 0 0.27 0.192 80
j MDI |14 |17 3.76
0.5 0.33 0.23 77
- 0 [028 0.20 80
‘ MD2 |14 |17 3.91
0.5 0.33 0.23 77
_ 0 0.34 0.24 76
-‘ MD3 |14 17 3.82
’ 0.5 0.38 0.27 73
o yE 0 0.30 0.21 79
‘ MD4 |14 |17 |3.65
o 0.5 0.35 0.25 75
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5.00 m - 4 m -
T v MSL

0.00
Sy

BED LEVEL - - A

Figure (6.34) Shape of proposal design breakwater model (MD1) according to

specified position of scheme 1

- 8.00 m s

Figure (6.35) Shape of proposal design breakwater model (MD2)
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Figure (6.36) Shape of proposal design breakwater model (MD3)

- 3.50m -

5.00 m

- 8.00 m i

Figure (6.37) Shape of proposal design breakwater model (MD3)
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Figure (6.38) Wave generation according to time steps (0 sec to 13 sec)
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Figure (6.39) Wave breaking through the breakwater face
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0 4.000 8.000 (m)
]

Figure (6.40) wave breaking through different breakwater (MD2, MD3, MD4)
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DHERERNS
AN |

Figure (6.41) flow vectors color by velocity of wave

Figure (6.42) turbulence eddy frequency for wave breaking through MD1 model
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Figure (6.44) turbulence eddy frequency for wave breaking through MD3 model
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6.8 Inclination of Breakwater

The lateral slope of the breakwater is an essential part of the design of the

mitigation structures, as explained earlier in the chapter three of the outputs of the

dimensional analysis equation. In this part, four values of the lateral inclination of

The Breakwater were tested to clarify the extent of the influence of lateral inclination

on the values of energy dispersion. The following table (6.12) shows the values of

the transmissions wave coefficient depending on the values of the lateral slope.

Table (6.12) values of the transmissions wave coefficient depending on the values of

the lateral flat slope.

Inclination Incident wave | Transmission | Transmission Energy dissipation
(degree) (m) wave (m) coefficient (Ct) | coefficient (1-Ct)

30 1.4 0.42 0.3 0.7

37 1.4 0.42 0.3 0.7

40 1.4 0.44 0.31 0.69

45 1.4 0.51 0.36 0.64

50 1.4 0.51 0.36 0.64

60 1.4 0.55 0.39 0.61

Table (6.13) values of the transmissions wave coefficient depending on the values

of the lateral stepped slope.

Inclination Incident wave | Transmission | Transmission Energy dissipation
(degree) (m) wave (m) coefficient (Ct) | coefficient (1-Ct)

30 1.4 0.27 0.192 0.8

37 1.4 0.27 0.192 0.8

40 1.4 0.3 0.21 0.79

45 1.4 0.32 0.23 0.77

50 1.4 0.37 0.265 0.73

60 1.4 0.40 0.285 0.71

It is noticeable that the values of the slope of the breaker surface are affected in a

very simple way compared to the surface roughness, as shown in the tables above
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Chapter Seven
Conclusions and Recommendations

7.1 Conclusions

The outputs and results of this study will be divided into two-part A, and B.
The first part will be concerned with laboratory study and CFD model. The second
part will deal with the outputs and results of the case study.

Part A: Experimental and CFD Results

The experimental results, in comparison with the numerical results, showed
that the flume dimension (15*0.45*0.3) m used can be relied upon to represent the
different breakwater models, in addition it is possible to avoid reflection of wave
from faraway boundary through the use of a wave absorber at the downstream side.
It is essential to use (UDF) to describe the regular physical behaviour of the wave
before reaching the breaker to ensure that no energy is lost from the wave before
reaching breaker zone. Mesh independent solution is reached with a minimum of
240 grids per wave-length with a grid size 0.005 m and aspect ratio 1. The increase
in the surface area of the breakwater (steps breakwater) leads to an increase in the
dissipations of the incident wave energy through the generation of turbulence and

vortices at the front of the breaker. As a result, an in brief:

e The highest value for energy dissipations (1 - Ct) % are received for zero

submerged depth in model of sloped steps model (M2) is 80 %.

¢ The minimum energy dissipation (1-Ct) % (maximum transmission coefficient

is received for narrow rectangular model M5.
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e the surface roughness of the breaker (steps sloped has a limited effect on the
dispersion performance depending on the wave height and the submersible depth

of the breaker.

e The non-uniformity of the steps located in front of the breakwater structure have
oscillatory effect to the dissipation of incident wave energy based on submerged

depth with a limited effect not exceeding wave height.

e Wave dissipations process goes through three stages, starting from the front of
the breakwater with a distance not exceeding the wavelength, where the breaker
begins to affect the behavior of the wave from this area, then when the wave
reaches the breakwater body, the breaker acts as a barrier to the passage of the
wave. The irregularity of the breaker surface (Roughness of surface), here it plays
as an auxiliary factor for the dispersion of energy on the lateral slope and the

upper breaker surface.
Part B: Case study Results

Given the limited amount of knowledge on numerical modelling of the
wave field in lake or shallow reservoirs, the current study was conducted on plain

sallow water depression of Najaf sea using the MIKE21 SW model.

e The amount of variation between the simulated wave heights and those
calculated using an empirical equation is less than 9%. As a result, the MIKE21
SW model can simulate wind-generated waves in simple sallow water lakes.

e 3 scenarios were tested for the best location of the breaker according to the
topography of the study area. The first scenario was the best in terms of the
extent of the impact on the largest area and longest shore line protection

according to transmission coefficient Ct behind the breaker.
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e In the simulation, three of breakwaters with a variety of settings for their
orientation and placement were used. The results of Scheme 1 Figure (6.24)
indicated that it was the most successful at reducing the wave height and
covered the most area (1.19 km?2) along the coast line of the target region. The
findings make it abundantly evident that waves breaking close to shore are
greatly influenced by bathymetric data. This highlights how important it is to
have good bathymetric measurements of the waters near the beach.

e [t is also noticeable that the best scenario of the breaker is achieved when the
wave direction (315°) is perpendicular to the axis of the breaker (315°- 90°).

e The best cross-section of the breaker was achieved by the MD1 and MD2
figure (6.28) and (6.29) models and the criterion in the measurement was the
amount of energy dispersion (1-Ct) equal to 80 %. In both models, there were
two main parts in the dispersion process, the first is the upper part of the
breaker, which acts as a stilling Basin, and the second is the progressive front
part of the breaker, which works to create a turbulent environment for the
incident wave before it reaches the breaker.

e In summary, based on the analysis of wave characteristics and the variation of
wave parameters at specific points (P;g) of interest, it is evident that the
implementation of the proposed project would result in a considerable
reduction in wave height behind the breakwater compared to the pre-project
conditions. Furthermore, Scheme 1 exhibits a more pronounced enhancement

in wave conditions.
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7.2 Recommendation for Further Studies

For the scientific benefit of future researchers, the following are some points

that can be adopted.

e [t is possible to test a new type of Breakwater, namely floating Breakwater,
which provide a healthier environment in the seas by not separating the
movement between the front of the breaker and its rear.

e Air barriers, also one of the new topics on the dispersion of energy by
Breakwaters through making the air babbles as a turbulence maker.

e The study area is exposed to a lot of flood waves resulting from the recharging
of the underground basins surrounding the area, it is possible that the study
will be more comprehensive by introducing hydrological variables in the

study.
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Appendix-A
Ansys Fluent Solver (UDF)

In this appendix, the C++ program language are used to defined UDF (user

define function) to described the flap type motion of wave maker motors.

Note that: this code is repeated for each run according to specific water depth in

flume e.g. (0.22 ,0.25, 0.27,0.3)

Appendix A. UDF Code

Code made for wavemaker in Microsoft Visual.

include "udf.h”
#include "dynamesh_tools.h”

static real period = 1;

static real amplitude = 2;

static real pi = 3.14159265358979323846;
static real depth = 0.22;

DEFINE CGMOTION( oscillate ,dt,vel ,omega, time,dtime)
{

/# define the variables =%/

Thread =t

face_t f;
real dv, ang_freq;
NVS(vel, =, 0.0);

NV S(omega, =, 0.0);

/#* get the thread pointer for which this motion is defined =/
t = DT THREAD(dt );
ang_freq = 2 # pi / period:

/* loop over each face in the zone to create an array of data */
begin_f_loop(f.t)

{

/* set x—component of velocity =/
omega[l] = amplitude * cos(ang_freq * time)

end_f_loop (f.t)

Message (" time = %f, x_vel = %f\n", time, omega[1l]);
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