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ABSTRACT

Wave energy is a potentially important renewable clean source of energy that can
help solve the energy demand throughout the world. A great deal of research has been
corducted in the lst few decades and it is now reaching the point of full
implementation. In order to compete with other energy sources, we must first
demonstrate that it is commercially viable. So far, researchers and developers have
been able to demonstegproof of concet utilizing a small number of wave energy
converters (WECSs) deployed in the open ocean or on shore. However, to make this
source of energy commercially viable, the deployment of a large number of WECs is
necessary. Regardless of the typ®WEC used, theleployment of these devices has

to be carefully thought out, since the direction of the wave fronts varies throughout
the year and once the WECs are installed, they will remain fixed in those locations
and they will experience only relatiyesmall displaements on the ocean surface.

When a group of WECs is deployed on the ocean surface, their motion resulting from
the excitation force due to the arrival of a wave front will affect other WECs in the
vicinity. Furthermore, depending on thegénof arrival d the wave front, the

interaction between WECs will vary and the energy conversion capability will be
affected. This interaction has been coined as the q factor by researchers in the field.
In this thesis, we consider the deployment of saillating watercolumn (OWC)

WECSs developed by researchers from the Polytechnic of Lisbon in Portugal and their
Spanish collaborators, namely, the MarmokA5. Our deployment strategy has as its
main objective the maximization of average power of the afrlye€Cs. When we
consider an array configuration, namely, its geometric configuration, distance
between WECSs, angle of arrival of the wave front, and sea state, we implement a
mathematical model of the array produced by ANSYS AQWA in Simulink to

compute theverage poweranerated by the array. We evaluate array power
generation performance by varying the form of its configuration and the number of
WECs in it. The results of our strategy suggest that they can be incorporated into
more formal mathematical adgtive functiorto optimize WEC array generated

power.
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A Study of Oscillating Water Column Wave Energy Converters Array
Configurations Based on Simulation

1 Introduction

1.1 Ocean Energy

Oceans are the most extereswater bodies in the world, compared with lakes, rivers
and icebergs, with a total area of approximately 360 million square kilometers, covering
over 70% of the Earth's surladCurrent climate change, global warming, ice sheets
melting, sedevel rigng at anaccelerated rate are not a positive trend (Nerem et al.,
2018).

Researcthactivity power generation using the renewal energy of waves and tides of the
ocean has increassiynificantly in ordeto reduce the use of fossil fuel and improve the
envirnment (Pelc & Fujita, 2002\dditionally, Ocean Energy System (OES, 2019)
introduces another energy source from ocaamely,salinity power, which makes use
of the salinity gadient between fresh water with saltwater and presetaeded reverse
osmoss. Seawater temperature, ocean wave, ocean current, sea breeze and even seawater
salinity are all sources of renewable energy which affect each other. For instance, the
ocean ctrent movement may result from wind or roniformity density distribution of

seawater thermal or salinity.

Based on the report of global ocean energy vision in 2017 from OES (Melo & Villate,
2017) their research on assessment of global wave energyotidevide theoretical
potential ocean thermal power, has been estimated &04#\Wh/year, tidal energy
about 1,200 TWh/year, wave power around 29,500 TWh/year, as well as salinity gradient
power which is approximate at 1,650 TWh/year. The OES also wedattthe potential
of ocean energy can develop over 300 GW installed cgpamwit save 500 million
tonnes of greenhouse gas CO2 emissions by 2050 (Melo & Villate, 2017).

Worldwide, ocean energg distributed unevenly among different ocean regions and
differently between various types of energy. The world distribution ma@eé energy

is shown in Figurel.l.
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Figure 11 World Distribution Map of Ocean Energyeprinted from An I.nternational
Vision for Ocean Energy 2017 by Melo & Villate, 2017, Ocean Energyesys.

1.2Wave Energy

Wave energy, in essence, is a form of solar energy whichteddterent
temperatures across thel a nasmbsplere and genezatwind blowing on the surface
that causes waves in ocean. Furthermore, the thermal, ocean currsalirstydalso
influence wave energy as mentioned before due to the complex and interweaved ocean
system. Wave energy is a combination product of kirseteccgravitational potential
energy,andthe stored energgould be represented as

O O © PP
where O is the kinetic energy an@® is the potential energy. The mean wave power

density is roughly proportional to two wave parameters,®sggnificant wave height

"O and the other is peak pericd (Cruz, 2008) The mean wave powés described by

0 9 0Y &
9t g
where ” is the water densitgndg is the earth acceleration (Poullikkas, 2014).

Researchersimplified wave simulation tuent, harmonic, and regularaves as
shown inFigure 1.2 (a)In reality, anocean is likely more irregular and complex, for
differentocean regionBke shallow water or deep water which is totally different,
therefore neds differentresearchmethods and simplification approaches.
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(a) (b)
Figure 1.2Waves Model (a) Regular Wave Model, (b) Irregular Wave Model.

Based on the introduction {€ruz, 2008) the history of the application of wave
energy could be traced dato thefirst recoraded patent about wave energy conversion
1799. tbwever, wave energesearchrenewedlevelopnent can be contributed Ryof.

St e p h e ninfl8eatlaltardcte & Naturen the 1970s(Cruz, 2008) Sincethe middle

of the 1990s, significant improvemehas beerachieved in the offshore wave power
systems and the UK governmdrasmadean enormous contribution to the development
(Cruz, 2008).

Research on wave energgsachieved tremendouschnological advancesghich are
characterized by a variety of wageergy converters (WECd)here are different ways to

classifyWECsinto several goups, such as by dewtocation, work principlesetc.

According to the research of (Pecher & Kofoed, 2017), all the devices can be
classified into three basic types basedhe desigs attenuator, terminator as well as
point absorber or categorizedarwave active body (WAB)veitopping and oscillating
water column (OWC) by the method introduced by 16ES.Attenuators and
terminators can be distinguished by the direction of extensions that attenuators are
perpendicular to the wave direction whilenténators have parallel largeextensionard
point absorbegare identified by the small dimensions of devices compared with the

wavelength of incident waggPecher & Kofoed, 2017)

From thedescriptios in (Czech & Bauer, 2012e can know howWWVECs workthat
WABSs consist of units around a reference point and extract energy from the movement of
devicebodies as well asireference poinivhich can be excited by incident waves

Overtopping devices capture water over the edge of devices with wave propagation and



the higher segevel in reservoir leasito return water téhe ocean through lovead
turbinein orderto convertenergy(Czech & Bauer, 2012DWCs geneatepowerwith a
turbine whichis activated by the airflow in the chamber as thelegal changes with
wave movemest(Czech & Bauer, 2012)n Figure 1.3, OWCs, WABs and overtopping

are subdividedhto various groups anshown with typical example desgs for each

group

r | Isolated: Pico ‘
Fd e
Oscillating water | In breakwater: Mutriku |
columns =
‘ Floating: Oceanlinx, Leancon ‘
Essentially translation: Wavebob, OPTs PowerBuoy,
N SeaBased, Fred Olsen's Lifesaver
Fosing -
- Essentially rotation: Pelamis, Crestwing, Dexa, Wavestar,
Wave activated FPP, Weptos
bodies ~
‘ Essentially translation (heave): Camegies CETO J
Submerged
— ‘Hotation (bottom-hinged): WaveRoller, Oyster, AME, J
| Fixed structure (without concentration): S5G |
‘ Overtopping ‘-
|Floating structure (with concentration): Wave Dragon |

Figure 1.3Categorization of wave energy technologies. Reprinted from Handbook of
ocean wave energy, by Pecher, A., & Kofoed, Jens Peter, 2017, Springer Open

1.3 Oscillating Water Column

Thework in thisprojectis based on one kind of OWC device, the basic structure or
design, working principles and several typical device examples will be introduced in

detail in what follows.

For fixed OWCs, the basic structures are described by a capture chamber xath a fi
structure, a turbine and a generator, as shown in Figure 1.4. Figure 1.4 (b) shows a
commercial fixed OWC LIMPET from Wavegen instaliedhe UK with 500 kW unit
power (Poullikkas, 2014).

The wavemotions make the water column in the chamber movendpdavn like a

piston and changes of sksvel in the chamber pressurize and depressurize the air inside
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in order to drive a turbine connected with a generator to generate electric power
(Poullikkas, 2014).

Air flow  Wells turbine
Air column and generator

Cement AT TS TR

»
structure & TURBINE
v, < s d
P :
4 2

Principal wave

direction ES s

AIA IS COMPRESSED
INSIOE CHAMBER

(a) (b)

Figure 1.4 (a) Operation Principle of fixed structure OWC, (b) Operation Prirgfiple
LIMPET OWC. Reprinted from Technology prospects of wave power systems, by
Poullikkas, 2014, Electronic Journal of Energy & Environment

For floating OWCs, structureetbme moraliverseand complex with more choices.
For instance, to make the floating devices stable in a controlled range, added ballast or
mooring is necessary and floating component as well as surface can also change, like

three examples shown in Figur®.

Nurbine

air | air

turbine turbine

R (AL S

piston

AN
(a) (b)
Figure 1.5 (aFloating Device with Compressible Air Volumes and Water Colymns
(b) Piston model and Fresurface Uniform Pressure model of OWAZapted from
Oscillatingwatercolumn wave energy converters andtarbines: A review, by Falc®
& Henriques, 2016, Renewable Energy.



1.4Power Takeoff System

The pwer takeoff systens for WECs need to consider the whole procass, some

exampleparts, namely,turbines, hydraulic circuitandgeneratorsre shownn Figure
1.6.

(@) (b)

(C)

Figure 1.6PTOs for WECs(a) Wells turbine, (b) impulse turbine, (c) hydraulic system,

(d) linear generator. Adapted from Wave Energy Converter Concepts: Design Challenges
and Classification, by Czech & Bauer, 2012, IEEE Industrial EleicsaVagazine.

For various WECSs, their corresponding PTOsideatifiedto meet thedifferent
requiremerd. For example, a prototype PTO for attenuator Pelamis has two separate
parts The primary transmission is made of hydradiévicesas well asorresponding
controls andthe £condary transmission consists of hydraulic maasraell &
generators to convert the stored energy in the hydraulic accumulators into electricity
(Czech & Bauer, 2012However,for the Wave Dragon PTOs, lelaead turbines play a
vital role in extra¢ing energy while for Limpet PTOs, two bidirectional turbines are
necessaryCzech & Bauer, 2012)

1.5 Contribution

This projectaims to findout aboutthe influence of WECs configurations on generated
power to improvesystemefficiency which focuses on interaction Wween deices rather

than device design.

In chapter 2we descrile the basis of wave energy, hydrodynamic theories and
dynamic modeheecdin theresearchWaves and bodies interaction is important to the

research.
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In chapter 3, the simulatiggrocesses of thenplementatiorof OWC from (Gaebele
2018)research is brieflgescriked.

In chapted, simple basic arrays, such as andriangle and squam@rays will be

considered and evaluated using compsit@ulation.

Specially, Matlab and Simulink will be usadthesimulationto characterizéhe
interaction between bodies atigk effect of configurationsWe will considerfactorssuch
as geometric configurationf devices arraythe number of WECg]istance between

WECSs, angle of arrival of the wave froas well as thencident wave height and period



2 Wave Theory

Wave theory is compleand is used to describe the dynamic behavior of the otéan
chaptempresents a brief description of the principles of wave theory applied in this
research

2.1 Fundamentaé

The fundamental principles here in described come {featnes 2002).A gravity
wave on water is dispersiwehich means that the phase velocity depends on the
frequency and for waves on deep wai@®l p), the relationship igiven by
> = Doatm 2 ca
Q Y v ¥]
where "Qis the acceleration of gravityQ is wave numberp) is theangular wave

frequency,_is wavelength andY is wave periodFalnes, 2002)

Basedon the Equation 2.1, the wavelength on deep water is

cu C“ "Q “Q"
- — =Y &
- 7 c C
Equation 2.3 and 2.4 are tiiendamentakquationsvhich together withthe

continuity equation and the Laplace equaaoa usedo analyzea boundary element.
— NO0"® T 8

T %0 TI ¢:7!
where ” is the masslensity, o is the velocity element aného is the velocity potential.

Wave energy consists of potential energg &inetic energy and the average energy
can be simplified as equation 2.5 for harmonic wave and equation 2.6 for progressive,
plane,harmonic wave (Falnes, 2002).

” “Q

0 ot Tsﬂlﬁbs cSH

TR

. Q
60 O T@% &



where — is wave elevation and A is the complex elevation amplituda atTt

Similarly, we can obtain the kinetic energy &gorogressiveplane, harmonic wave as

y oo,

2 =S Q ©
OO T DS <7
and the total stored energy is

O O O c¢O — DS 3B

2.2 Body Motion

A body in water will activly interactwith the surroundingvaves if it isnotfixed. The

motions of bodydepend on the type &drce acting on it.

2.2.1 Types of Body Motion

In (Falnes 2002) the motions ardescribed bygix components which represent six

degres of freedom asshown in Figure 2.1.

Figure2.1 Six Modes of MotionAdapted fromOcearwaves and oscillating systems
linear interactions including was@nergy extraction. Cambridgey Falnes, J.2002

Mode numbers 1, 2, 3 represent surge, sway, heave and the threeargodes
translation modes, while mode numbers 4, 5, 6 represent ratatides roll, pitch and
yaw.

Considering theaseof the OWC, if the water column movements create a
variation in the z direction, only three modes namely heave, roll andrpégimfluence

its behavior
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2.2.2 Force Acting on a Body
From Newtonds | aw,
aw O §:?)
For a body in \ater, besides gravity and buoyance, we needthadeydrodynamic
forces acting on the body into consideration.

In (Falnes 2002) for agiven potential%e force j is given by

O Q" % QY Q plthE fp c8l0
For excitation forcegquation 2.10 can be rewrittes

N~ o~

O Q" % % £ QY Q pRthE hp call

where %0 and %o represent the potéal for incident wave and diffracted way€alnes
2002)

Given apotential for radiated wavéo <« 0 ,the equationdr radiation force

given by
Oz Q" e 0ERRTY RO c8l2
where @ is the radiation impedance matdrd 6 is a constantFalnes 2002)

2.3 Energy Absorption in Wave

Bodies in water absorbed energy from incident wave waldlpce waves at the same
time. The produced waves will become incident waves for otheedadid influence

them.

An example of absorbed and generated waves is shown in Figure 2.2 that the incident
wave is curve a, the wave produced by the beidy the maion of heaves curve b and

it generated antisymmetric wave, curve c, with another moiombining the incident
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wave and two generated waves, the body almost absorbed the whole incident wave
energy and gave a result in curve d.

Figure2.2 WaveAbsorption byFloatingBodies Adapted from Ocean waves and
oscillaing systems linear interactions including waareergy extraction. Cambridge, by
Falnes, J., 200Zambridge University Press

From (Falnes 2002) for a body in one mode of motion, the maximum absorbed power
is

5 5 P cal3
C
2.4 Bodies interaction
Let us introduce thiteraction faction q as
, 0 B 0 -
" TF 5 3 ¢

where () is the number of devices in an array, is the sum of all devices

generated power in the array, and 0 represent the generated power when there

is only one devic¢Babarit 2013)

Wheng>1, the configuration is constructiaad the situation is what we expext,
while for g<1,the interference idestructivg Andreset al, 2014)
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3 OWC Array Modeling Approach

In order toevaluate WEC array power generation performance, we uséaimsokA5
OWC. We us&AQWA to calculate the boundary conditions for variousdant waves.
Whenwe get the boundary conditions and postprocesaiitiy Matlab, we use Simulink

to evaluate thgenerated power for different incident wavand angles drrival.

3.1 MarmokA5

MarmokAS5 is afull scale prototyp®©WC built by researchersdm thePolytechnic of
Lisbon in Portugal and Spanish collaborators. The deployed davibe oceans shown

in Figure 3.1.

AT

Figure3.1 Full Scale of MirmokA5 deviceAdapted fromhttp://operah2020.eu/

The MarmolA5 is desribed in Figure 3.2Gaebele2018) andit consists of floater

andapiston.
turbine

chamber Floater 2.8m -

owC Small

thickness piston
tube 21.30m

Large
thickness
tube

v

'y
8.55m

v

Figure 32 Sketch of MarmokAbAdapted fromGaebeleD., Dissertation, University of
Stuttgart, 2018
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3.2 AQWA

AQWA is ahydrodynamic modelingoftware from ANSYS to solve boundary
elementBased on the sketch of MarmokAS5, generatedsthectureof a singledevice.

3.2.1 Geometry

Figure 3.3 shows the consttion of a 3OWC WEC array, which is then processed
by AQWA to generate a hydrodynamiodel

ANSYS

R19.1
Academic

LL,
0.00 20,00(rm) 4
[ —

10.00

Figure3.3 Geometryof Array
3.2.2Meshing

After deploying the devices, it neetb be mesled Themeshednodelis shown
in Figure 3.4Different mesh sizg yield different model numerical accuracies

Figure3.4 Mesh of OWC
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3.2.3 Hydrodynamic Diffraction
Adding incident waves from different directions with several frequenaies,
calculae the hydrodynamic diffractioand solve the boundary elemenhe

corresponding residtvould begenerated, such as added mass and radiation damping.

Figure3.5 Hydrodynamic Diffractiorof OWC

3.3 Simulink Model

After we obtairnthe results from AQWAwe usethe Matlabcodeto process the data
and calculate the generated powsingthe Simulink moel for OWCsasshown in

Figure3.6.

Force Calculation € Dynamic Motion
A
Dynamic Turbine | Air Chamber
N J \ J
A
r
f N C—
Generation | Control
-~/ -~

Figure 3.6 Diagram of OWC Simink Model

Once wecalculatethe forces,we obtain thalynamic motiorand their effect othe air
chamber. Based on the recedair flow history, we get the turbintorque controbnd

calaulate the generated power.
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4 Power Generation Performance Evaluatn

For large scale WECs arrays, wave scattered and radiated from other devices would
influence the generated power of each device. Using the simulation setup described in
chapter 3, we camalyze the influence of wave parameters on the generated power as

well as the interaction factor of WECSs array.

In the simulations, arrays are tested with regaiatirregular incident waves separately
and varyinfluence factors like simulation time, waweight, wave period awdave angle

of arrival

4.1 Simulation Environment

For regular waves and irregular waves, the corresponding excitatios dbsingle
deviceare shown in Figus.1 and 4.2 For an irregular wave, it is a summation of
several regular waves with random phases and amplitudes, but in terms of the control

variable, the forces atbhesame for each simulation.

<10* Excitation Forces WEC1

107 Excitation Forces WECT

B Al

5 15 . n L I .
o 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

Figure 4.1 RegularWaveExcitation Forces Figure 4.2. IregularWaveExcitation Forces

For the influence of simulatiotime and wave height, the simulation results are based
onasingle device, while the influence of wave period and incident direction is analyzed
for several arrays. All results of generated power and ¢ factor are basest agegpower
in an effective iterval among simulation time and instantaneous aegaot listed

because average power is more practical and systematic in these conditions.
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4.2 Wave Parameters

A single devicaleployed in the ocean asdnulated withcorresponding incident
waves are shown in Figure 4This figure shows that the simulation of the wave front

direction and its relationship between the position of the device and the wave incident the
angle of zeo.

)

Incident Wave

Figure 43. Single Device with Incident Wav

4.2.1 Wave Height

In order to analyze the influence of simulation time and wave heigi¢erated

powess, simulation results from regular and irregular waves are shown in Figure 4.4.
Single Device

<10%
7000 12
o = 0O~ Reg P
...... |
65007 @ ¢ .9 -0 -0—0-0 10 f === =+lrreg ;‘
= 5500 *., XL TR = d
g R Sy g © /
a 3 i a
5000 s 4 ]
- (. -
45001 et 2 2 @ Lt
& SR
4000 oL @
200 400 600 800 1000 0 2 4 6
Tsim [s] Wave Height [m]

Figure4 4. Incident Wave and Single Device.

For regular waves, the excitation fordesvea period which is much smaller than
simulation timeAs seen in Figure 4.4jmulation time increasing, the average generated

power tends to be more stable and the absolute vathe difference between them is
small.

For irregular waves, the excitatidarces do not have any periodicitiherefore vinen

simulation time changes, the generated powers have obvious differences as excitation
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forces changedith added time interval However the generated powaisotends to be

stablewith simulation time increasing.

Furthermore, it is a significant fexe when deployinglevices in the ocean ag need
to take irregular or long period time factors into consideration such as the cyclical
changes of ocean currenitfowever, the following resuli@re fromthe same simulation

time to analyz other variableslescribed in this chapter

ForFigure 4.4 the simulation grametes of wave height,he rendof the curvedor
regular and irregular waves are similaecausehe correspondingenerateghower
performs like the results of quadratic functionsvaf’e height. Thereforethe simulated
influenceof wave height is coincident between regular wave and irregular wavbat
the following simulations usearefixed wave height and focuder the other two wave

parameters, wave periods and wave incident dnest

4.2.2 Wave Period

The influence of wave period to the generated power are similar between several
devices in arrayn regular waves or iegular wavesby comparing the plots in Figures4.

But the differences between regular wave arepular wave curves are distinguagte.
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Figure4 5. Line Array Generated Power vs. Wave Period.

For other arrag; the curvesn one kind of wave aralsosimilar,thatmorearrays are

simulatedand the results for a single device can be found in Figure 4.6.

The influence ofvaveperiod on generated power wilbt be mentioned in following

simulatons but the influence on g factor will stilédiscussed
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4.2.3 WaveDirection

The generated powers among regular waves and irregular waves for single device
with different wave periods and wave incident directions are shown in Figure 4.6.

Accordingto the cross section of Figure 4.5, it supports the conclusion in 4.2.2.
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Figure 4.6. Single Device Generated Power.

For incidentwave directions, the difference in regular wavemisimal because the
configuration is sgnmetrical with countless axes of symmetry. However, the
performance is totally different in irregular wave. Due to the different performance
between regular and igalar waves, the following analysis will focus on the influence of

wave incident directiondor array configuration parameters

4.3 Array Configuration Parameters

One of the influence factors for generated power is array configurkboarray
configurdion, there are several parameters such as geometry of array, the number of
devices and diance between deviceSs mentioned beforén chapter twave defined
interaction factor q to assess the configuration influence that if g>1, the configuration is
constructive and for g<1, destructive.this section,lte simulation resultanalyzed,
respnds tothevariables, wave period and wave incident direction. The performance of
whole array would be assessed by the q factor while the separate devices gpoerated
would be shown to discuss the interaction between devices in theForagenerate

power, the fixed wave height is 2m, wave period is 10s and simulation time is 400s.
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4.31 Geometry
1 Line Array

While WECs deployed in line shown in Figure 4tife array with two devices or
three devices are simida with the results shown in Figure 44811.
T

OO

Device 1 Device 2 Device 3

Figure4.7. Line Array Distribution.
1 Two Devices
For two devices in line, the array consists of Dew and Device 2 with 30m
distance between therhe generated powers with different incident directions for each
device are shown in Figure 4.8 and tloeresponding q factors for various period and
angles are shown in Figure 4.9.
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Figure4.8. Two Devices Generated Power vs. Incident Wave Angle.
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Figure4.9. Q factor forTwo Devices with Regular Waves and Irregular Waves.
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As Device 2 is on thehadow of Device 1, the generated power is smaller than
De v i c With fliaion changeshe total power among array becomes smaller with
the deviatiorfrom zero degres

When @mpaing theq factor in Figure 4.9vith the results of single devices in
Figure 46, thechanges of] factor istotally differentwith the change of the single device
generated powet.herefore vith regular wavs, thedifferencecausé by the change of
direction is small compared with the influence of periods.

Forirregular wavs, the influence of incident directisis obvious but chaotic and

the resultshowan increasing trend with the period increase among the simulatedsperiod
range.

9 Three Devices

For threedevices in line shown in Figure 4.7, generated power for each device with

various incident directions are shown in Figure 4.10 and corresponding q factor is shown
in Figure 4.11.
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Figure4.10. Three Device&enerated Power vs. Incident Wave Angle.

The device which generatéake largest power among three deviceBevice 2
instead of Device 1 because of the combined effect of Device 1 and DewibelR is
different withthe situation ofwo devices. But Device 1 can capture more power than
Device 3 which is similar witlthe situation ofwo devices. However, thesults or

irregular waves are totally differenith no obvious regularity.

For irregular wave, Device 1 can generate the most power while Device 3 generates
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the least whoh showssimilarity with the results in two devices.
But the interaction situations become more complex, therefore, we cannot simply

estimate the performance considering it in one Wag. generated power with irregular
waves have more influence factors kich canot reflect the interaction between the

devices clearly and directlgpmpared with regular wase
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Figure4.11.Q factor for ThreeDevices with Regular Waves and Irregular Wa

The performance of regular and irregulaavesis still distinguished for dactors,

furthermorethe trend isalso changed comparing the reswith two devces.

1 RegularGeametry
Forregular configurationdike regulartriangleandsquare, they are symmetric

geometry with several axes of symmetry. The interadi&iween devices maave
cleaerregularities which can present in the simulation resultdysis The deployed

position and corresponding waves are shown in Figure 4.12 and 4.13.
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Figure4.12. Regular Triangle Array Figure4.13. Square Array Distribution.
Distribution.



