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ABSTRACT 

    Waves cause major damages and significant socioeconomic loss to a large section of 

coastlines. For instance, surface waves have caused serious damage to some sections of Fort 

Jesus, an onshore structure that lies on the shoreline of the Indian Ocean. Many researchers have 

studied this area and have come up with interventions including the use of bottom-fixed floaters 

but have not considered the depth and the positioning of the wave breakers. Hence, this study 

analyzed the incoming waves against an offshore structure with the aim of determining the most 

suitable position for a wave breaker. Incident wave potential was obtained by separation of 

variables method. The wave velocity and acceleration were obtained through differentiation of 

the velocity potential. The study outcomes are useful in identifying the most suitable 

position/location of the wave breaker with focus centered on wave height attenuation, the decline 

of wave speed and, most importantly, damping of fast propagating surface waves. The area of 

research is of great significance to the people living along coastal regions and any other 

structural or economic projects being rolled out at the coastlines. It was observed that the 

incident waves had adverse effects on the see environment and on floating offshore structures. 

The results as depicted in figure 4 shows that the magnitude of damping decreases with increase 

in water depth. The study has come up with the best position to be approximately few meters off 

the shore because at this point, the wave characters do not exhibit violent or turbulent 

characteristics (wavelength, acceleration, and velocity and wave elevation). If these parameters 

are carefully considered as recommended, the destructive nature of these waves would be 

significantly reduced. Proper analysis of the waves would provide information for positioning of 

the wave breaker. This would help alleviate the threat posed by surface waves to the critical 

coastal structures, coastal inhabitants, and coastal activities. Furthermore, the study significantly 

sheds light on ways of preventing or even stopping certain adversities caused by advancing water 

waves. The idea is to arrest through damping the destructive waves that strike the coastal areas, 

and consequently slow down their adverse effects.   
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CHAPTER ONE 

INTRODUCTION 

1.1  Overview 

This section brings to the attention of the reader the importance of the work; why the 

researcher opted to pursue this area. It presents the background information. In background 

information, we introduce the reader to water waves and how they impact on coastal 

communities. Some of the causes, effects, and possible solutions are highlighted in this topic. In 

addition, we define some of the terms that are used throughout the whole write up to aid easy 

reading and understanding of the work. Furthermore, we present the statement of the problem 

followed by general and specific objectives. The set of assumptions of the study closes the 

section. The assumptions of the study are important because the system to be studied is 

governed by hydrodynamic forces that are turbulent or violent in nature. The assumptions allow 

us to use linear wave theory in solving for various wave characters.  

1.2  Background information 

Water waves are frequent phenomena, some of which are high impact events (especially 

tsunamis) that cause a number of fatalities. Some of the dangers posed by waves include coastal 

flooding, coastal erosion, onshore structures and beach destructions. Against this backdrop, 

therefore, it is important to understand how different structures behave in presence of incoming 

incident waves. The study of coastal water waves on onshore or adjacent infrastructures is 

paramount in ensuring a friendly environment for all participants or stakeholders. The 

protection of the ports and other onshore structures near the coastline from the incoming wave 

attack has always been a concern to researchers and ocean engineers (Karmakar et al., 2013). 

Suitable wave breakers are being erected in the ocean to provide protection to the near onshore 

structures by reducing the height, speed, and energy of the incoming waves. Much of research 

has concentrated on bottom fixed and floating breakwaters for wave height attenuation but have 

failed to address the issue of suitability of location of wave breakers. The flexible floating 

(surface) break waters are advantageous over the bottom fixed ones, as they are cheap, re-

usable, rapidly deployable and removable (Cho & Kim, 1999). 

Environmental constraints, poor bottom architecture, and deep ocean regions have 

adversely affected the durability of the breakwaters. Problems such as coastal flooding, erosion, 

million deaths and destruction of property worth billions every year are serious challenges that 

deserves a lot of attention if lives, economy, living standards among others are to be better and 

sustainable. Though much has been done, improved techniques coupled with the challenge of 
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suitable positioning of breakers need to be addressed. Many studies have adopted floating 

surface-fixed vertical rectangular membrane as proposed by (McCartney et al., 1985). 

Ngina et al. (2014) observed that the wave velocity and acceleration of the incident wave 

is directly proportional to that of the surface-fixed structure and, therefore, analysis of the 

incident wave characteristics is important to scientists and engineers in construction of floating 

wave breakers (sinks). However, the work done has not considered the best location of the wave 

breakers for purposes of scattering or attenuating surface waves and hence, the present study 

has analyzed the surface incident wave for different water depths prior to their interaction with 

the floating rigid structure.  

The analyzed results obtained when surface gravity waves interact with rectangular and 

circular cylindrical floating structures is useful in establishing the position of a sink. However, 

the floating surface-piercing membranes may pose problems to water transportation. A solution 

to such induced problems may be arrived at by constructing removable structures to allow free 

movement of sea animals and marine vehicles. The study investigated the wave propagation for 

different water depths with the aim of determining the most suitable location for construction of 

a sink (wave breaker).  

Based on previous studies, rectangular and circular cylindrical structures form a vertical 

wall in presence of wave terrain. Therefore, the analysis of the incident wave characteristics 

was carried in the vicinity of a rectangular box. Small amplitude wave theory has been used to 

derive the incident wave velocity potential. Chakrabarti and Gupta (2007) assumed the velocity 

potential ( , , , )x y z t   to take the form of power series in terms of perturbation parameter , 

which in their case represents the wave slope. For convenience, the present study adopted 

similar assumptions. Once the velocity potential is known calculation of the pressure forces and 

moments on the floating surface fixed structure can be computed.  

The present study was motivated by erosive power of the surface waves along the coast. 

For instance, the area on the eastern side of Fort Jesus monument adjacent to the Indian Ocean 

has highly been eroded and very little has been done to control the situation due to the 

hydrodynamic loads and dynamics of the ocean water waves. Furthermore, a large section of 

the Japan and U.S total population are considered coastal and may be at risk of the destructive 

surface waves. The formulation used follows closely the Chakrabarti’s approach but the 

solutions are quite different. For simplicity of calculations, the density of the fluid is always 

assumed constant (Koo & Kim, 2010). 
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1.3  Statement of the problem 

Studies on both internal and surface waves are an important endeavor in the field of fluid 

mechanics and have received a lot of attention in the recent past. The breaking of waves has 

adverse effects on onshore structures, farming activities, surfers, fishermen and the coastal 

community at large. For instance, a wave may cause gradual wearing off of structure walls such 

as the beachside hotels and onshore buildings like Fort Jesus in Mombasa, flooding, and 

submergence of coastal farmland. Recent works have pointed attention to floating surface-fixed 

breakwaters that ensure fairly effective wave scattering and attenuation of destructive water 

waves. Removable surface floating vertical membranes may be used to attenuate wave speed, 

height, and consequently dissipation of energy that is concomitant with the wave. Much of 

research has focused on surface-fixed breakwaters. Many researchers have studied this area and 

have come up with interventions including the use of bottom-fixed floaters but have not 

considered the depth and the positioning of the wave breakers. Hence, this study analyzes the 

incoming waves against an offshore structure with the aim of determining the most suitable 

position for a wave breaker.  

1.4  Objectives  

1.4.1  Broad objective 

To derive and analyze velocity potential (incident) for small amplitude and analyze the 

positioning effects of an offshore structure in fluid flows to come up with a suitable location for 

a wave breaker 

1.4.2  Specific Objectives 

i. To derive and analyze velocity potential (incident) for small amplitude fluid flow from 

which wave information on floating off structure is obtained.  

ii. To analyze the incident surface wave characteristics in two-dimensions and determine 

its effects on an off structure.  

iii. To simulate the behavior of wave characters for different frequencies in order to identify 

suitable breakwater location. 

iv. To analyze the damping and positioning effects for different frequencies in order to 

identify suitable breakwater location. 

1.5  Assumption of the study 

i. Horizontal continental shelf that is non-porous. 

ii. The fluid motion remains irrotational throughout the flow. 

iii. Fluid in question is homogenous. 
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iv.  Fluid is incompressible and non-viscous (density is constant). 

v. The fluid is assumed to be inviscid 

vi. Waves considered of low amplitude. 

vii. Free surface flow. 

1.6  Justification 

     The adversity caused by both internal and surface waves is decried due to the economic 

loss and millions of lives these waves have claimed. With technological advancement, various 

control techniques have been developed and put in place to tackle the problem. Oceanographers 

together with environmental scientists work universally to help secure the environment from 

wave attacks. Therefore, the study relating to behaviors of water waves near the shore is of 

paramount importance, and there is need to encourage such efforts. The most important 

question is whether the positioning and location of the floating structure affect wave-damping 

process. The study is because most of the occurrences have sources and sinks, and some sinks 

may be highly modified to ensure the longevity of their service. Therefore, in this study, 

investigation on the damping and positioning effect due to an offshore surface floating structure 

was carried out to guide in controlling destructive waves. The results obtained would be useful 

mostly in areas that have been scooped through hydraulic action of the surface gravity waves. 

For instance, Fort Jesus monument attracts tourists from different parts of the world, and 

therefore, its protection from wave attacks would require building on this idea to reduce the 

erosive power of the waves. The knowledge on the equipment, orientation and shape of the 

breakwater (sink) may be borrowed and advanced from this study. 

1.7  Definition of terms 

Concomitant – accompany something, move or travel with. For instance, the energy 

concomitant with the wave as it breaks into the hinterland 

Frequency – is the rate of change of an event or phenomenon. According to English dictionary, 

it can also be defined as the rate of occurrence of anything; the relationship between incidence 

and the time period. 

Propagation – the action of widely spreading and promoting an idea, theory. It can be 

understood as the acting of spreading something into new regions 

Bathymetry – it is the measurement of the depth of water in rivers, lakes, or oceans. It is the 

underwater equivalent to hypsometry or topography. The word is used to refer to the sea floor 

or topography. 
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Attenuation – the reduction of the force, effect, or value of something. In physics, it is 

understood as the reduction of the amplitude of a signal, electric current, or other oscillation. 

Wave amplitude – is the maximum displacement of points on a wave. In layman, it is the 

vertical distance between a peak or a valley and the equilibrium point. 

Wave celerity – is the speed of propagation of the wave crest or trough. The term is used if 

many wave spectral components are involved. As will be seen later on in the development of 

the paper, it is given by the frequency multiplied by the wavelength, or angular frequency 

divided by the wavenumber. 

Gravitational acceleration – is an expression used in physics and mathematics to indicate the 

intensity of a gravitational field. The resultant force affects the motion of the wave particles and 

as a consequence, when formulating velocity potential equations, it must be considered if 

accurate results are anything to appreciate.  

Drag coefficient – is a dimensionless quantity that is used to quantify the resistance or drag of 

an item or object in a fluid environment.  

Damping – is the reduction in the amplitude of an oscillation as a result of energy being 

drained from the system to overcome resistive and frictional forces 

Positioning – finding a suitable location 

Incident wave – is a current wave that travels through a transmission line from the generating 

source towards the load. 

Breaking wave – is a wave whose amplitude reaches a particular point in height such that the 

particles can no longer continue holding into the position. Upon reaching this point, the 

particles suddenly start to move in forward direction causing large amounts of wave energy.  

Wave-breaker – it could be a wall, or revetment, groins, or other constructed materials used to 

reduce wave propagation or advancement.  

Sink – In applied mathematics, a sink is specially prepared material/item that can absorb or 

prevent undesired effects from a system. From instance, the source of a wave could be a 

landslide while the sink could be a wave-breaker. 
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Free surface – in applied mathematics, a free surface is the surface of a fluid that is subject to 

zero parallel shear stress. As a result, free surface flow has material derivative on the pressure 

as zero. From mathematical point of view, free surface is the plane     

Inviscid flow – is the flow of a fluid, in which the viscosity of the fluid is equal to zero. When 

the resistance or viscous forces are neglected, the resulting fluid are said to be inviscid.  

Angular frequency – is the frequency of a steadily recurring phenomenon expressed in radians 

per second. In the present work, angular frequency is the square root of wave number and 

gravitational acceleration.  

Linear wave theory – it is used in fluid dynamics to give linearized description of the 

propagation of gravity waves on the surface of a homogenous fluid layer. 

 

 

 

 

 

 

 

 

 

  



7 

 

CHAPTER TWO 

LITERATURE REVIEW 

2.1  Overview 

     Chapter two discusses the findings, discussions, results, and interpretations of other 

researchers in relation to the present study. The chapter discusses the various methodologies 

used and the interventions or mitigations suggested. It discusses linear wave theory and the 

velocity potential which forms the basis of the present topic. The other important things 

featured in this topic are dispersion relation and boundary conditions that contributed to the 

calculation of the velocity potential.  

2.2  Waves and their impacts 

     Whenever large impact waves occur, they always bring a wide spread destruction and 

sorrow. On 11
th

 March 2011, the world woke up to the most catastrophic natural disaster in 

history caused by super waves. The super waves were because of a quake that originated 80 

miles East of Japan on the sea floor. It was the sixth largest quake after the one witnessed on 

26
th

 December 2004 which had a magnitude of 9.15 on the Ritcher scale. The resultant wave, 

(tsunami) struck eleven countries thereby killing around 350, 000 people and leaving almost 3 

million homeless (Kruahongs, 2008). 

     The reason for coastal management is to protect homes, beaches, farms and business 

premises from constant floods (Bruun, 1972). For instance, New Briton N. W of England has 

been at risk of coastal flooding and erosion due to its location (Holmberg, 1987). The energy 

carried by water waves is eventually dissipated which affects the water content within the 

neighborhood. The understanding of waves is paramount to beach surfers and environmentalists 

(Mei, 1985). Engineers have also recognized the importance of such efforts so that they may be 

able to influence the decisions on impacts and placement of any structure or in the modification 

of the bathymetry.   

     Linear wave theory is the backbone of ocean waves used in ocean and coastal 

engineering (Dunham, 1977). The application of this theory in the study and analysis of ocean 

waves has made the prediction of the dynamic and kinematic conditions and their effects on 

water structures possible (Fenseca et al., 2011). Water is assumed to be inviscid, irrotational 

and incompressible (Faltinsen, 1990). The theory has generated comparable results. Davies and 

Heathersaw (1984) have recently studied the case of reflection from sinusoidal topography and 

have provided analytic treatments which exhibit the mechanism of a resonant Bragg reflection 

at the point where the wavelength of the bottom undulation is one-half the wavelength of the 
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surface wave. Abul-Azm (1994) analyzed the case of a dual hinged beam and showed that the 

efficiency and effectiveness of the elastic-plate breakwater could be improved by tuning two 

vertical plates. Mahmoodul-Hassan et al. (2009) studied the wave interaction with submerged 

elastic plate using eigenfunctions expansion method. The possibility that shear instability might 

be significant energy dissipation process for the internal and external wave field was studied 

and recognized.  

     Dispersion relation is an important component that enables researchers to relate wave 

characteristics such as frequency, wave number, wave amplitude, and wavelength. The concept 

served an important role in understanding the behavior of wave for different parameters for 

purpose of determining the most suitable position for the location of a wave breaker. The 

problem at hand was solved by imposing radiation, dynamic, bottom, and kinematic free 

boundary conditions.   

     The studies cited above have dwelt much on the building of seawalls, revetments, 

rippled bathymetry and beach nutrition. Few, if any, have focused on surface floating 

breakwaters but even then there is no specific interest on damping and location. The erosive 

power of the long shore drift if left for the next 100 years could end up destroying 

infrastructures that lie adjacent to the ocean.  This was the motivation of the present work, 

which investigated damping and positioning effects due to an offshore structure for fluid flow 

in application to a sink. 

2.3  Dispersion relation 

     Dispersion relation provides precise information on how angular frequency, the wave 

number, and wave celerity are connected. It implies that waves with a given frequency must 

have a certain wavelength. There exists a relationship between angular frequency, gravity, wave 

number, and water depth. This is given by 

tanh( )gk kh  ,
           (1) 

where , ,g k  and h  are the wave angular frequency, earth gravitational acceleration, wave 

number, and the fluid depth respectively. 

The wave celerity c  (wave speed indicating swiftness of movement) is given by 

c
k


        (2) 

Wave celerity is obtained by substituting equation (1) into (2) to get 

tanh( )
g

c hk
k

 
  

 
       (3) 
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Waves have different periods; the one with a longer period propagates at high celerity and 

moves ahead unlike the one with the shorter period (Manyanga at al., 2014).  

Consider equation (4) where  is wavelength. 

2
k




          (4) 

From (4), we can obtain  

 

2
kh h




  ,       (5) 

 Where h  is water depth, if h   then water depth is much smaller than the wavelength, 

and this corresponds to finite water depth (shallow water). On the other hand, if h  , then 

this corresponds to deep water. Since wave celerity increases with increase in water depth, the 

proposed study will seek to analyze wave dispersion, wave celerity, wave elevation and water 

depth. The extent to which these parameters affect wave propagation will be established with an 

aim of creating a sink. 

2.4  Boundary conditions 

     When fluid particles are in contact with a stationary surface, they assume zero tangential 

velocity. These particles retard the motion of the particles in the adjoining fluid layer, which in 

turn retards the motion of particles in the next layer and so on, until at a certain distance from 

the surface where the effect becomes negligible. Certain conditions are necessary for analysis of 

waves on a body. For the proposed study, the bottom of the bathymetry is impermeable to water 

and, therefore, the vertical water velocity at the bottom must be zero at all times. This 

possibility is because the distinction between fluid motions occurs due to the boundaries 

imposed on the fluid domain (Linton & Mclver, 2001). Assuming an infinitely long wave 

maker along the y -axis, generating waves in the     plane, in order to solve Laplace 

equation, the following linearized conditions must be satisfied.  

2.4.1  Bottom and dynamic surface condition 

The no flow condition at the bottom implies that flow velocity along the z -axis is zero. 

  
  

  
        (B.B.C) for horizontal boundary      (7) 

The pressure p , which follows from Bernoulli’s equation for unsteady flow is given by  

 2 21
0

2

p
u v gy

t






    


         (8) 



10 

 

Neglecting nonlinear term  2 2u w for small amplitude waves, the linearized form of the 

unsteady Bernoulli’s equation is given as, 

0
p

gy
t






  


          (9)             

The pressure above the free surface is assumed to be constant. This constant pressure is taken to 

be zero (without loss of generality). On the surface, ( , , )y x y t  and     and equation (9) 

reduces to 

0g
t





 


           (10)                

 Upon rearranging equation (10), we have bottom and dynamic boundary condition (BDBC) as 

1

g t





 


, on 0.y           

 (11)                       

2.4.2  Kinematic free condition 

     This condition requires that the fluid particle at the surface to remain on the free surface 

at all times for as long as the motion is smooth and the wave does not break. 

y t

  


 
, on .y n           (12) 

For small amplitude waves, ( , , ) 0x z t   therefore 0y   

2.4.3  Radiation condition 

    The radiation condition states that surface waves and hence the velocity potential disappears 

at any distance away from the body. That is, 0   as R (Ngina et al., 2014). The 

condition means that the surface waves die and disappear as distance is increased after hitting 

the offshore structures. 

lim 0
R

R ik
n






 
  

 
                                                                                                            (13)  

2.5  Response of surface waves on a fixed structure 

Surface gravity waves are of interest to oceanographers because of their interactions 

with structures on or beneath the free surface. Newman (1977) investigated the unsteady force 

and moments on a fixed structure in the presence of surface waves, and found out that if the 

surface effects is neglected and plane progressive waves systems assumed, the magnitude of the 

unsteady force and moments on the floating structure depend only on the density  , gravity g ,  
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viscosity  , depth h , body length l , and time t . The magnitude depends on the wave 

amplitude A , wavelength   and angle of incidence   of the waves relatively to the body axis.  

The force F    is, therefore, given by  

 

( , , , , , , , , )F f g A h l t             (14) 

 

Different hydrodynamic loads such as incident waves, thermal change, traffic loads, 

currents, and buoyancy influence offshore and onshore structures operating in the sea 

environment (Manyanga et al., 2012). The main reason for studying surface waves on both 

rectangular and circular cylindrical structure is to investigate forces associated with them being 

such as inertia and resistance forces. Incident waves, traffic loads, currents, and thermal change 

are responsible for forces and moments especially due to wave excitation (Bhatta & Rahman, 

1993). In the analysis of wave exciting force, incident waves are the most influential and most 

important in the determination of hydrodynamic forces especially the diffraction and scattering 

(Bhatta & Rahman, 1993).  

 

2.5.1  The Case for Floating breakwaters 

     Geometric properties of the floating structures and wave characteristics are of 

paramount importance in describing the wave breaker type and wave profile at breaking (Bruce 

et al., 1985). The reasons for opting floating breakwaters over the other wave breakers are; in 

case of poor foundation, the seawalls, groins, and revetments serve for a short duration and 

collapses, deep water prevents the construction of wave control structures, water quality, ice 

problems, and rearrangement. 

    It is important to understand the physics of the interaction of breaking waves on structural 

bodies. If waves meet a barrier like a wave breaker, they either get reflected or diffracted or 

both and this causes change in wave height and the direction of the wave propagation 

(Williams, 1996). The amount of reflection depends on the barrier characteristics as well as 

properties of the incident wave. Surface floating wave breakers forms one of the several types 

of structures that can be used for wave control (Ursell, 1948). The different types of surface 

wave breakers include rectangular box, pontoon, mats, and tethered float. For efficient and 

effective wave control, the transmission coefficient (the ratio of the incident wave amplitude to 

wave amplitude behind the structure) is lowest (Greenhow et al., 1991). 
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2.5.2  Review of the response and behavior of floating cylindrical and rectangular 

structures 

     In potential flow theory, the resultant force in a fixed cylinder in an oscillatory flow is 

summarized as 

2

1( ) . ( ),
4

mf t C d u t


  where 1( )f t
 
inertia force per unit cylinder length is, mc is dimensionless 

inertia coefficient and ( )u t is time dependent undisturbed flow acceleration (Frank, 1968). 

When estimating the horizontal loads on a structure, the loads form the largest bending 

moments and horizontal shear forces in the structure (Newman, 1977). The force due to the 

incident flow direction according to Faltinsen (1990) can be written approximately as 

   
3

2 2

2 2

2 2

1 0

1
1 4sin cos cos

2
F d p p Rd

 

 

     
 

          (15) 

Using the Morison’s equation wave loads on a circular cylindrical structure fixed 

offshore can be calculated (Faltinsen et al., 1990). The Morison’s equation enables us to 

express the horizontal force dF on a strip of length dz  in the positive direction of the wave 

propagation. Greenhow and Ahnt (1988) carried a study to understand the hydrodynamic 

coefficients on a circular cylindrical structure penetrating the free surface. The authors realized 

that on high frequency waves, the velocity potential vanishes  0  , and low frequency waves, 

 0
y





 on 0y            (16) 

      It was discovered that for limiting problems, the damping coefficients approaches zero 

and the coefficient varies with depth and the wave frequency. For a floating circular cylinder, 

the sway added mass remains continuous at some points but the heave added mass becomes 

logarithmically infinite (Greenhow & Ahnt, 1988). Many researchers have shown that it’s easy 

to obtain the added mass for a fluid of different depths. 

     The results by Fregaard et al. (2016) on wave run-up on cylindrical and cone shaped 

foundation shows that the shape of foundation substantially affects the maximum run-up level. 

The authors noted that when different structures or platforms are placed under diverse 

conditions, it is fairly reasonable to assume that the outgoing waves are influenced by the shape 

of the foundation or orientation.  

     Chella (2016) investigated breaking wave characteristics and breaking wave force on 

slender cylinders. The author evaluated wave forces on slender cylinders for solitary and 

periodic waves and for different incident wave characteristics. A strong dependence of shape, 

water depth, and offshore wave steepness formed basis of the evaluation. 
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      Manjula and Sannasirai (2015) measured the response of the slender vertical cylinder 

under breaking waves due to constant amplitude spectrum. The vertical cylinder response was 

found from a measured acceleration using omega arithmetic method. The authors observed that 

maximum acceleration is found to be mostly important only above SWL and not below SWL 

since the cylinder is reacting only for breaking wave impact load.  

     Rahman and Bhatta (1993) determined the closed form solutions for the added mass and 

damping coefficient of a surface-piercing vertical cylinder mounted at the bottom. The authors 

centered on the horizontal oscillations in the surge motion. They further observed that green’s 

function method and the boundary element methods are very useful in predicting the possible 

solutions of the problem when analytical solutions are not readily available. 

     Efremova et al. (2017) used finite element method in determining the characteristics 

incident wave fields. The authors observed that the shorter the incident waves the less the depth, 

the more pronounced is the weakening of fluctuations in the region of a hydrodynamic shadow 

and the zone of maximum attenuation is also narrower.  

     Yeung (1980) found added mass and damping for heave, roll, and sway motion of a 

vertical oscillating cylinder. He observed that heave added mass is logarithmic singular and the 

damping approaches a constant in the low-frequency limit. He observed that the sway problem 

has an identical structure to that of the heave. The author further noted that cylinders of the 

shallow drafts generate counter-clockwise moments whereas the deep-drafted ones generate 

clockwise moments. Most researchers have concentrated on heave motion on vertical floating 

fixed cylindrical structures. 

     Rectangular structure that is also referred to as a barge is greatly used in the field of sea 

architecture. The drift force on the floating rectangular obstacle can be arrived at by use of two 

methods namely: direct pressure integration method and the momentum method (Liu et al., 

1992). The hydrodynamic forces and moments can also be obtained from added mass 

coefficient and therefore, the added mass is of paramount importance in various body-wave 

interaction problems (Ghassemi & Yari, 2011). The authors found out that, forces acting on a 

two-dimensional structure can be obtained and then through extrapolation the forces and 

moments can be determined for three dimensional structures. For small amplitude wave theory, 

the added mass coefficient tends to a value which can be obtained from the potential flow 

theory. The potential flow theory coupled with the boundary element method can be used to 

determine the added mass on the most suitable shape for purposes of creating a sink. 

     Shen et al. (2004) identified a rectangular box as the most effective breakwater in 

moderate conditions. McCartney (1985) found out that a box breakwater has the following 
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advantages which include: 50-year design life, simple shape to build, proven performance and 

are effective in moderate wave climate. William (1996) found that in the presence of an 

obstacle, the lowest transmission coefficient was approximately 0.5. The author further alluded 

that the effectiveness of any structure can be realized if the stiffness could be altered depending 

on incident wave frequencies. 

Yamamoto and Yoshida (1979) investigated wave attenuation characteristics of the 

cylindrical (with the longitudinal axis in coinciding with the direction of wave propagation) and 

a rectangular structure. When the two structures are fixed but left to oscillate, there is zero 

transmission coefficients at low frequency. The duo clearly observed that rectangular 

breakwater is very effective at the frequencies corresponding to heave and to combined sway 

and roll. 

     Different geometries of flexible and rigid surface fixed structure were constructed and 

examined. The author determined reflection (absorbance of the incident wave energy), 

transmission and energy loss coefficients. The results showed that rectangular models, flexible 

and rigid, are the most effective structures to dissipate energy. Due to errors introduced when 

using various numerical methods, this study uses analytical method to find the velocity 

potential and consequently obtain the various wave information required to discern the right 

position of a wave breaker (Efremova et al., 2017). The potential flow theory coupled with the 

analytical method (separation of variables) will be used to determine the added mass on the 

most suitable shape for purposes of creating a sink. 

2.6  Velocity potential representation 

     The velocity potential of a fixed floating object is the sum of the incident wave 

potential, the diffracted wave potential, and radiation potential due to six body motion 

(Manyanga et al., 2014). When small amplitude waves are considered, the velocity potential is 

given by,  

6

1

j I D

j

   


             (17) 

Since the problem is purely based on scattering wave problem and wave damping, the velocity 

potential will be categorized into two; the incident wave potential and the diffracted wave 

potential.  

S I D
               (18)      
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Each potential function must satisfy all the important and appropriate boundary conditions. The 

velocity potential can be written using the superposition principle in the form 

     
6

1

, , Re , , , , i t

j j A

j

x y z x y z A x y z e    


   
   

   
      (19) 

Equation (19) is another form of equation (14) Ngina et al. (2014) where 

Where , 1,2,...,6j j  represents the radiation potential, A is the incident wave potential and 

their interaction with the floating structure. According to Ngina et al. (2014) for any offshore 

structure to be designed properly, forces and moments must be predicted accurately. Responses 

of the structure to incoming incident wave is important for engineers in designing the most 

durable sink, therefore, analysis of the wave characteristics is paramount in this paper. Because 

the structure assumes a fixed position, there is minimal deflection that allows use of the 

aforementioned boundary conditions. 

    Most studies have adopted the green function developed by Laitone and Wehausen (1960). 

The green function is given by 
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(20) 

The green function satisfies all the boundary conditions and the Laplace equation. The spatial 

velocity potentials ( , , , )
j

x y z t for 1,2j   satisfy the Helmholtz equation given by 

2 2

2

2 2
0jk

x z


 
   

  
 

            (21)                                                                                                                           

For large wavelengths, wave number approaches zero and the Helmholtz equation reduces to a 

Laplace equation which will be used in solving the spatial velocity potentials. 

 
2 2 2

2

2 2 2
( ) 0i

x y z

  


  
    

  
         (22) 

    The Laplace equation is separable in several coordinate systems, therefore, rectangular, 

circular cylindrical, spherical, and conical among many others. The paper concentrated on the 

first two shapes to come up with the most suitable position of a wave breaker.  

2.7  Kinematic energy of the fluid and added mass coefficient 

     Around a cylindrical shaped obstruction, the total kinetic energy around the surface S as 

noted by Ghassemi and Yari (2011) is given as 
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           (23) 

Through greens transformation equation (23) can be written as 

.
2 s

d
K E ds

dn

 



            (24) 

Upon rewriting equation (24), we have 

6 6

1 1

1
.

2
ik i k

i k

K E u u
 

            (25) 

Where 
ik

  is called the added mass coefficient. 

2.8  Numerical methods 

     Several numerical methods based on three-dimensional analysis that predict linear wave 

induced motions and loads on large volume structures at relatively small Froude number have 

been proposed. Panel methods are the most common familiar techniques used to analyze the 

linear steady-state response of large volume structures in regular waves (Faltinsen, 1990). 

Different panel methods used include: 

i. Distributing sources and sinks over wetted body surface 

ii. Mixed distribution of sources, sinks, and normal dipoles over the wetted body surface 

 

The paneling technique is often done by plane quadrilateral elements in three-

dimensional problems. Although BEM and FEM are efficient in the numerical analysis of 

hydrodynamics loads, they give rise to populated matrices, and hence the computation time 

tends to grow depending on the size of the problem leading to complex computational 

procedures (Hess & Smith, 1962).  

BEM and FEM are commonly used since panel methods on potential flow theory may 

be too complicated. Assumptions are made to ensure that oscillation amplitudes of the fluid and 

the body are small relative to the cross-sectional dimension of the body. BEM are used to 

predict damping due to radiation of surface waves. Other methods such as source techniques are 

useful when considering a particular cylinder in infinite fluid and enable calculation of heave 

added mass.  

     Williams (1997) investigated the hydrodynamic loads of a flexible floating breakwater 

consisting of a membrane structure attached to a small float restrained by moorings using 

Boundary Integral Method. Just like BEM, BIM is used to predict damping and positioning of 

wave breakers due to radiation resulting from surface waves. The use of moorings introduces 
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complexity on the resulting function making BIM unsuitable for use in the present research 

problem. The potential flow theory coupled with the analytical method (separation of variables) 

will, therefore, be used to determine the added mass on the most suitable shape for purposes of 

creating a sink. 

2.9  Summary 

     The body of literature outlined shows clearly that the study of propagating water waves 

onshore is of importance to environmental scientists and to the coastal communities at large. It 

is also evident that many researchers have concentrated on the construction of wall barriers, 

revetments, nonlinear sinks, and breakwaters along the coastline without much consideration on 

the long-term outcome. This study, however, investigated and analyzed the damping and 

position effects of an offshore structure for fluid flow in application to a sink as represented in 

Figure 1 and Figure 2. Separation of variables, FORTRAN program and origin software were 

used in this study. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1  Overview  

i. The study considered 3D offshore structures. 

ii. Linear wave theory and dispersion relation was utilized to derive the velocity potential. 

iii. The wave elevation, velocity, and acceleration were obtained through differentiation 

iv. To analyze the behavior the waves, a FORTRAN code was developed. 

v. Origin software was used in drawing of graphs. 

vi. The existing literature information was used to suggest for the best suitable shape. 

vii. The study follows closely Chakrabarti’s approach, but the solutions of the wave 

characters are quite different. 

viii. Separation of variable method was used to solve for the incident velocity potential 

 

3.2  Three-Dimensional Analysis 

     The study considered three-dimensional offshore obstacles as shown in figure 1 and 2.  

The sea floor was taken to be at a distance h  from the free surface and below by impervious 

bottom. This problem was analyzed in response to propagating regular waves with small 

amplitude a as compared to the wavelength . In this work, small amplitude wave theory is 

used to derive the velocity potential. Considering the reference point at ( 0x  ), the wave 

amplitude is given by
2

H
a  . Other important aspects that must be analyzed include wave 

elevation, wave velocity and acceleration on each spatial axis is obtained through direct 

differentiation of the velocity potential. The problem is investigated in the three-dimensional 

Cartesian coordinate system with     being the horizontal plane and y -axis being vertically 

upward positive. The plane     in this case represents the undisturbed free surface. 

( , , )y x z t , denotes the wave elevation. It is assumed that the wave is travelling in the 

positive x -direction. The problem is governed by a variety of boundary conditions.   

    The materials used in the project included, a rectangular barge, a cylindrical structure, 

computer, and software. Some of the software or applications used include FORTRAN and 

origin software. Analytical method (separation of variables) was used in this study. Separation 

of variables (Fourier Method) is a method of solving ordinary and partial differential equation 

in which the algebra allows an individual to rewrite an equation so that each of the two 
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variables occur on the different side of the equation. Since the project intended to solve for the 

velocity potential, Laplace equation was solved by this method.  

     A FORTRAN code was developed to aid in getting the incident wave characters. Origin 

software was used in drawing of graphs. The existing literature information was used to obtain 

the best suitable shape for a wave breaker.  A rectangular box and a circular cylindrical 

structure were considered in this study.  

     Small amplitude wave theory is used to derive the incident wave velocity potential. 

Chakrabarti (1987) assumed the velocity potential ( , , , )x y z t    takes the form of power series 

in terms of perturbation parameter , which for this case represents the wave slope. For 

convenience, the present study adopts similar assumptions. Once the velocity potential is 

known calculation of the pressure forces and moments on the floating surface fixed structure 

can be computed. The formulation below closely follows the Chakrabarti’s approach, but the 

solutions are quite different. 
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Figure 3.  1: Schematic diagram representing a rectangular box in presence of surface 

waves 
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Figure 3.  2: Diagram representing a circular cylindrical object in presence of surface 

gravity waves 

3.3  Mathematical formulation and governing equation 

     As stated in 3.1, a three-dimensional offshore obstacle was considered.  The sea floor 

was taken to be at a distance h  from the free surface and below by impervious bottom. This 

problem was analyzed in response to propagating regular waves with small amplitude a as 

compared to the wavelength . In this work, small amplitude wave theory is used to derive the 

velocity potential. Considering the reference point at ( 0x  ), the wave amplitude is given by

2

H
a  . Other important aspects that must be analyzed include wave elevation, wave velocity 

and acceleration on each spatial axis will be obtained through direct differentiation of the 

velocity potential. The problem is investigated in the three-dimensional Cartesian coordinate 

system with x z  being the horizontal plane and y -axis being vertically upward positive. The 

plane 0y   in this case represents the undisturbed free surface. ( , , )y x z t , denotes the wave 

elevation. The problem is governed by a variety of boundary conditions.  

    For an inviscid and incompressible flow, the divergence of the velocity vector field 

( , , , )v x y z t is everywhere zero that is,  

0V        (26) 

Due to irrotational nature of the incompressible fluid, there exists a velocity potential 

( , , , )x y z t such that the velocity components in , ,x y z  direction is given as follows;  

, ,u v w
x y z

    
  
  

      (27) 

The velocity potential satisfies the Laplace equation  



21 

 

2 2 2

2 2 2
0

x y z

    
  

  
      (28) 

To solve equation (28), kinematic and dynamic boundary conditions from equation (10) and 

(12) are used.  

In addition, the no flow condition at the seabed on z -axis given by 

  
  

  
             (29) 

The pressure at the surface is equal to the atmospheric pressure. 
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Taking ( , , )y x y t  and       on the surface and ignoring the higher order powers we obtain 

0

0
yt

g




 
  
 




                                         Where ( , , )y x y t     (31) 

Consider a function ( , , , )F x y z t  on the fluid field. From substantial derivative we have 

  .
DF F

v F
Dt t


  


      (32) 

It should be noted that, a fluid particle on the free surface is assumed to remain on the surface, 

which implies that   0
DF

Dt
       (33)  

0

0
y

DF F F F
u w y

Dt t x z 

   
     

   
      (34) 

The kinematic condition that the fluid particles cannot cross the air-water interface is obtained 

by equating the vertical speed of the free surface itself to that of a fluid particle in the free 

surface to get 

y y y
t x x y y y  

     

  

         
      

          
      (35) 

From equation (31) we have; 

0

0
y

g
t






 
  

 
      (36) 

From equation (35) we have; 

0y
t y

 



  
  

  
      (37) 

Since   can be redefined to contain , equation (36) and (37) can be combined by 

differentiating equation (36) w.r.t time (t) to obtain equation (38). 
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2
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t y

  
 

 
                                             at 0y        (38) 

When the velocity potential   is oscillating harmonically in time with angular frequency w  as 

provided by Faltinsen (1990) we write equation (25) as  

2 0,w g
y





  


   On 0y        (39) 

3.4  Solution of velocity potential 

     The velocity potential with respect to a non-dimensional parameter   takes the form  

1

( , , , )
n

n
n

x y z t 




       (40) 

Similarly, the free surface elevation , takes the form 

1

( , , )
n

n
n

x y t 




       (41) 

Where, the perturbation parameter   is the product of the wave amplitude a , the wave number 

k  and n represents the nth order approximation (Chakrabartu & Gupta, 2007). 

The BVP is considered for the progressive wave with the speed, C  and the periodicity given by  

x ct         (42) 

Equation (22) is solved by the separation of variable technique and the velocity potential to be 

obtained must satisfy all the boundary conditions. The velocity potential,   is assumed to take 

the form  

( ) ( )Y y X x        (43) 

Substituting (43) in (22) we obtain 

( ) ( ) ( ) ( ) 0Y y X x Y y X x         (44) 

By separation of variables and equating the result with 2k >0 we obtain two differential 

equations 

2( ) ( ) 0Y y k Y y         (45) 

2( ) ( ) 0X x k X x         (46) 

 2k  is a constant and is taken to be the wave number. On solving equations (45) and (46) we 

obtain 

1 2cosh sinhY A ky A ky        (47) 

3 4cos sinX A kx A kx        (48) 
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At the reference point ( ) 0X x  , time 0t   and hence from equation (48), it is clear that 3 0A  . 

Using the boundary condition (31) gives 

2 1 tanhA A kd       (49) 

Substituting equations (47), (48), and (49) in equation (43), and further taking into account the 

periodicity in equation (42), the velocity potential becomes 

 
 5

cosh
sin ( )

cosh

k y d
A k x ct

kd



        (50) 

From equation (12) and applying 
2

H
   at 0x  , 0y  0t   and from the relation 

w
c

k
  we 

obtain 

5
2

gH
A

w
       (51) 

Since the problem adopted linear wave theory, the velocity potential expression for the first 

order degree     becomes 
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        (52) 

In three dimensions, the velocity potential in equation (52) can be expanded to take the form  
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           (53)   

Taking the real part of the velocity potential [Re ( )], equation (53) takes the form 

  
 

  
cosh

Re( ) sin cos sin
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k y dgH
k x z wt

w kd
  


          (54)                       

Equation (54) is the required velocity potential. The velocity potential obtained is used to derive 

equations that govern wave characteristics (pressure field, surface profile, wave celerity and 

wave acceleration and deceleration) 

3.5 Surface profile 

    Having obtained the velocity potential, wave elevation can be obtained from the fact that 
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      (55) 
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           (56) 

Wave elevation is an important aspect because it is used in determination of the upward 

movement of any immersed or floating structure though in this work, upward movement is not 

of great interest. Linear theory that governs wave problem requires amplitude of any structural 
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motions be small relative to other length scales (Ngina et al., 2014). Hence, wave elevation 

serves a great deal in guiding the construction of water sinks (wave breakers). 

3.6  Wave celerity 

     The horizontal component of velocity forms a fundamental aspect of this study, but for 

purposes of comparisons and generalizations velocity components in each spatial axis is given 

as: 

Along x -axis 

 
 

  
coshcos

, , , cos cos sin
2 cosh

k y dkgH
u x y z t k x z wt

w kd


 


         (57) 

Along y -axis 
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Along z -axis 
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3.7 Pressure field 

    The moments and forces on the surface fixed floating barge is obtained from the expression 

of pressure given as 
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3.8  Wave acceleration 

The acceleration of the fluid particles is equivalent to that of the floating body structure 

(Faltinsen, 1990). 
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Along y -axis 
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Along z -axis 
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This work seeks to analyze the incident wave characteristics and behavior such as wave-

induced force on the structure. It is important to note that: 

i. When the wave height, water depth and wave period is known, the wave is fully defined 

and all of its characteristics can be calculated. 

ii. By inserting the velocity potential in the equation (10); the DSBC, differentiating and 

rearranging we obtain the dispersion relation 

2
tanh

2

g d
C

 

 

 
  

 
      (65) 

Equation (65) indicates that for high amplitude waves the wave speed is dependent of the wave 

height.  

Letting    c
k


       (66) 

For small wave events (in shallow water) 

tanh( )
g

c kh
k

       (67) 
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CHAPTER FOUR 

RESULTS AND DISCUSSIONS 

4.1  Wave impact characteristics 

     Wave impact characteristics are not yet fully understood due to many parameters that 

are involved in the complex physical processes. Environment parameters include breakwater 

location, shape, breakwater depth, and breakwater indices. The horizontal acceleration of the 

ambient flow must be driven by force in water which in turn must come from horizontal 

pressure gradient. In the presence of an obstacle, the wave loses almost more than half of height 

and energy dissipation occur rapidly for plunging breakwaters (Chella et al., 2016). Opposition 

to wave movement lowers its length and increases its height making it steep and unstable which 

causes it to break on the obstacle.  

     Due to the axisymmetric nature of the circular cylinder, many researchers have found 

out that the problem can only be solved by eigenfunctions. Further, for cylindrical breakwaters, 

the researches that have been conducted are ultimately construed in two-dimensional motions 

analytically for infinitely long cylinders. Most three-dimensional analysis and effects of the 

cylinder have been neglected. In addition, most experimental results do not match or replicate 

numerical calculations due to colloquial assumptions made by most researchers. Having 

considered a wide range of papers and books, it is concluded that, a rectangular structure forms 

the most effective shape in application to the development of a sink (wave breakers) and 

therefore the study proceeded to determine the best position by varying various wave 

parameters such as water depth and wave frequency. Analysis of free surface waves was done 

and wave characteristics obtained. The incident velocity potential was solved by separation of 

variables where appropriate boundary conditions were imposed and the outcome was used to 

conclude on the most suitable positioning of a wave breaker.  

     It is observed that, the horizontal component of velocity is constant from the water 

surface to the bottom in shallow water, and it can be concluded that the best suited location for 

a sink should be some distance away from the shore. This is due to the fact that the hyperbolic 

functions in equation (53) principally means that the horizontal velocity component decrease 

with increase in the water depth. For a given wave height, water depth, and period it is possible 

to quantify the energy level or flux (rate of transmission) useful in designing a sink.  
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4.2  Graphs on wave characteristics 

 

 

 

 

 

 

 

 

 

 

Figure 4. 1: Graph showing the relationship between wave elevation, velocity and 

acceleration in x   direction for water depth 

 

Figure 4.2: Non-dimensional heave damping against non-dimensional frequency at 

varying water depth  
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Figure 4.3: Graph showing the relationship between wave elevation, velocity and 

acceleration in x  direction for water depth  
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Figure 4.3: Graph showing the relationship between wave elevation, velocity and 
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     In order to modify or adjust the wave breaker (sink) for effective wave damping, 

analysis of the changes in the characteristics of a surface wave as it propagates from the deep 

sea to the shore is of paramount importance. The energy in the propagating wave is mostly 

dissipated at the air-water boundary and in shallower water, at the boundary between the water 

and the bathymetry (Coastal Engineering Research council, 1975). Therefore, analysis of the 

incident wave characteristics before or on the floating rigid structure for different water depths 

is quite important for scientists and engineers for designing the most effective wave breakers. 

     As observed by Ngina et al. (2014) it can be seen in Figure 6 the hyperbolic functions in 

the velocity potential give the exponential decay of the magnitude of each spatial velocity 

components in respect to increase of distance below the free surface. It was noted that the 

acceleration of the surface wave is directly proportional to that of surface fixed structure. The 

horizontal component of velocity and acceleration forms the center of interest in this paper due 

to the fact that the location of wave breakers rely solely on the impacts caused by progressive 

waves.  

     Figure 3 indicates the relationship between elevation, velocity and acceleration in x  

direction (wave propagation direction). It can be deduced that, for finite water depth, 

displacement precedes the wave velocity and acceleration. From figure 4, the magnitude of the 

damping coefficients were also investigated at different water depth and the results are 

presented. The horizontal and the vertical motions representing the heave motions are 

presented. This is because they are the most vital motions when analyzing the interaction of 

waves with offshore structures (Ngina et al., 2015).  

      Figure 5 and 6 show how change water depth influences the wave elevation, wave 

velocity, and wave acceleration which are very important in determining the location and 

positioning of the wave breaker. It is observed that when water depth increases, the angular 

frequency increase and wave height increases significantly. It is further observed that at the 

breaking point of the wave (at shore), frictional drag at the water-seabed boundary results to 

decline in motion of the water molecules just above the sea floor. The phenomenon causes 

sudden forward movement of water particles which highly impact on the floating offshore 

structure. In such cases, the wave characters have varying impacts on the offshore floating 

structures and in such situations, these structures are destroyed and rendered useless within a 

short period of time. In that regard therefore, the issue of wave position plays a critical role in 

damping and dissipating energy that is concomitant with the surface waves. Hence, this study 

analyzed the incoming waves against an offshore structure with the aim of determining the most 

suitable position for a wave breaker). Incident wave potential was obtained by separation of 
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variables method. The wave velocity and acceleration were obtained through differentiation of 

the velocity potential. The study outcomes are useful in identifying the most suitable 

position/location of the wave breaker with focus centered on wave height attenuation, the 

decline of wave speed and, most importantly, damping of fast propagating surface waves. The 

area of research is of great significance to the people living along coastal regions and any other 

structural or economic projects being rolled out at the coastlines. The study has come up with 

the parameters to be considered when positioning wave breakers. The best position would 

approximately few meters away from the coastline because at this point, the wave characters do 

not exhibit violent or turbulent characteristics (wavelength, acceleration, and velocity and wave 

elevation). 
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1  Conclusions 

     For many decades, the sea dynamics has caused positional problems to engineers and 

naval architects. In specific objective, we sought to find the velocity potential and consequently 

use it to find the various wave characters usable in determining the behavior of waves and the 

location of the wave breaker. From the results, it was observed that the incident waves had 

adverse effects on the sea environment and offshore floating structures. The vertical 

acceleration and velocity contributed to violent vertical movement. As a result, there was need 

for naval engineers to take note of these wave characteristics in order to identify or modify the 

suitable location of the wave breaker.  

i.  The velocity potential with the accompanying wave functions were derived and 

developed and this formed the basis upon which the analysis of the various wave 

characters was done.  

ii. It is, therefore, not advisable to locate wave breakers near the breaking point because at 

the breaking point, the wave is too strong and will easily wash away the wave breaker 

and no intervention will be done.   

iii. Moreover, it can be deduced that, in between the source and the breaking point the wave 

exhibits a rather calm motion in spite of increased wave frequency and wave amplitude. 

The suggested floating structures can be fixed at some distance away from the breaking 

point. 

iv. The results obtained should be used by the engineers and designers to design structure 

that can with stand harsh marine environment. The results produced were in tandem 

with the one obtained by (Manyanga et al., 2014). The area of research is of great 

significance to the people living along coastal region. The study has come up with the 

parameters to be considered when positioning wave breakers. For instance, positioning 

waver breakers away from the coastline would not adequately arrest the problem as 

shown in the results and discussion.  

     For any offshore structure to be designed properly, forces and moments must be 

predicted accurately. Responses of the structure to incoming incident wave is important for 

engineers in designing the most durable sink, therefore, analysis of the wave characteristics was 

paramount in this paper. Because the structure assumes a fixed position, there is minimal 

deflection that allows use of the aforementioned boundary conditions. 
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     The engineers depending on the nature of the wave can determine the exact distance. It 

can be observed that, for large wave events, the effect of the wave propagation could be highly 

catastrophic. In such happenings, the floating breakwater should be modified, strengthened or 

moored to increase its effectiveness. It should be noted that transmission coefficient is not zero, 

and therefore the values of the damping coefficients are more than zero and may provide 

information on construction of multiple breakwaters. The results as depicted in figure 4 shows 

that the magnitude of damping decreases with increase in water depth. 

5.2  Recommendations 

     This dissertation has analyzed and investigated the damping and positioning effects due 

to an offshore structure for fluid flow in application to a sink. The project is applicable in 

various areas among them: 

i.  Engineering and Construction 

ii.  Scientific innovation 

iii. Research 

iv. Suitable positioning of wave breakers 

It is also evident that many researchers have concentrated on the construction of wall 

barriers, revetments, nonlinear sinks, and breakwaters along the coastline without much 

consideration on the long-term outcome. This study, however, investigated and analyzed the 

damping and position effects of an offshore structure for fluid flow in application to a sink as 

represented in Figure 1 and Figure 2. It is important to note that, the study considered the 

measurements that must be used or imposed to come up with an optimal dissipation and 

successful damping of ocean surface waves. The research can be extended to determine the 

behavior of the wave breaker in the event of a backwash. However, various boundary 

conditions and assumptions have to be taken into consideration. The assumptions are horizontal 

continental shelf that is non-porous. The fluid motion remains irrotational throughout the flow. 

Fluid in question should be homogenous. Fluid is incompressible and non-viscous (density is 

constant). The fluid is assumed to be in-viscid and the waves considered of low amplitude and 

on free surface flow. 
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APPENDICES 

Appendix A. 1: FORTRAN Code 

 

z=5 

g=10 

B=p/4 

e=0.1 

open(1,file='n.text') 

open(2,file='U.text') 

open(3,file='Ut.text') 

!A=sqrt(g*k*(1+e**2)) 

A=sqrt((g*k)*tanh(k*h)) 

do t=0,50.0, 1.5 

!displacement 

!D=A*(cosh(k*h+k*y)/sinh(k*h))*sin(k*x*cos(B)+k*z*sin(B)-k*A*t) 

!D=-A*(cosh(k*h+k*y)/sinh(k*h))*sin(k*x*cos(B)+k*z*sin(B)-k*A*t) 

!D=-A*(cosh(k*h+k*y)/k*cosh(k*h))*sin(k*x*cos(B)+k*z*sin(B)-k*A*t) 

!D=k*A*sin((k*x*cos(B)+k*z*sin(B)-k*A*t)) 

 !velocity 

 !Dv=A**2*k*(cosh(k*h+k*y)/cosh(k*h))*cos(k*x*cos(B)+k*z*sin(B)-k*A*t) 

                           !Along X-axis 

 !U=A**2*k**2*cos(B)*(cosh(k*h+k*y)/k*cosh(k*h))*sin(k*x*cos(B)+k*z*sin(B)-k*A*t) 

  U=-A*cos(B)*(cosh(k*h+k*y)/(5*sinh(k*h)))*cos(k*x*cos(B)+k*z*sin(B)-A*t) 

                           !Along Y-axis 

   !V=-A**2*k**2*(sinh(k*h+k*y)/cosh(k*h))*cos(k*x*cos(B)+k*z*sin(B)-k*A*t) 

                          !Along Z-axis 

   !W=-A**2*k**2*sin(B)*(cosh(k*h+k*y)/cosh(k*h))*sin(k*x*cos(B)+k*z*sin(B)-k*A*t)                    

!acceleration 

!Da=-k**2*A**2*A*(cosh(k*h+k*y)/cosh(k*h))*sin(k*x*cos(B)+k*z*sin(B)-k*A*t)         

!Along X-axis 

 !Ut=-k**2*k*A**2*A*cos(B)*(cosh(k*h+k*y)/k*cosh(k*h))*cos(k*x*cos(B)+k*z*sin(B)-

k*A*t) 

 Ut=A*A*cos(B)*(cosh(k*h+k*y)/(50*sinh(k*h)))*sin(k*x*cos(B)+k*z*sin(B)-A*t) 

                            !Along Y-axis 
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!Vt=-k**2*k*A**2*A*(sinh(k*h+k*y)/cosh(k*h))*sin(k*x*cos(B)+k*z*sin(B)-k*A*t) 

  !Along Z-axis 

 !Wt=-k**2*k*A**2*A*sin(B)*(cosh(k*h+k*y)/cosh(k*h))*cos(k*x*cos(B)+k*z*sin(B)-

k*A*t) 

!surface profile 

 !l=H (amplitude) 

!n=(l/2)*(cosh(k*h+k*y)/cosh(k*h))*cos(k*x*cos(B)+k*z*sin(B)-k*A*t) 

 

!n=A*A*(K**2)*10*(cosh(k*h+k*y)/k*cosh(k*h))*cos(k*x*cos(B)+k*z*sin(B)-k*A*t) 

 

n=A*A*(cosh(k*h+k*y)/(k*10*sinh(k*h)))*cos(k*x*cos(B)+k*z*sin(B)-A*t) 

!pressure field 

   !m=rho multiplied by amplitude 

!Pf=-(m/2*k*A)*(cosh(k*h+k*y)/cosh(k*h))*cos(k*x*cos(B)+k*z*sin(B)-k*A*t) 

               !Along X-axis 

Pfx=(m/2*k**2*A)*cos(B)*(cosh(k*h+k*y)/cosh(k*h))*sin(k*x*cos(B)+k*z*sin(B)-k*A*t) 

write(*,*) t,n,U,Ut 

write(1,*) t,n,U,Ut 

!write(2,*) t,U 

!write(3,*) t,Ut 

end do  

end program 
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Appendix A. 2: Publication Abstract 

 

 


