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Parametric Study of Two-Body Floating-Point Wave Absorber

Atena Amiri, Roozbeh Panahi” and Soheil Radfar

Faculty of Civil and Environmental Engineering, Tarbiat Modares University, Tehran 14115-143, Iran

Abstract: In this paper, we present a comprehensive numerical
simulation of a point wave absorber in deep water. Analyses are
performed in both the frequency and time domains. The converter
is a two-body floating-point absorber (FPA) with one degree of
freedom in the heave direction. Its two parts are connected by a
linear mass-spring-damper system. The commercial
ANSYS-AQWA software used in this study performs well in
considering validations. The velocity potential is obtained by
assuming incompressible and irrotational flow. As such, we
investigated the effects of wave characteristics on energy
conversion and device efficiency, including wave height and wave
period, as well as the device diameter, draft, geometry, and
damping coefficient. To validate the model, we compared our
numerical results with those from similar experiments. Our study
results can clearly help to maximize the converter’s efficiency
when considering specific conditions.
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1 Introduction

In order to meet increased energy demands while also
reducing CO: emissions, the development of renewable
energy sources is currently a priority for many industrialized
countries. Wave power is an extremely promising renewable
resource that could provide a substantial supply of clean
energy (Bozzi et al, 2013). Using waves as a renewable
energy source offers significant advantages over other
energy generation methods, including the following (Drew
et al., 2009):

1) Sea waves offer the highest energy density among the

renewable energy sources.

2) There are few negative environmental

associated with their use.

3) There is a natural seasonal variability in wave energy,

which follows electricity demand in temperate climates.

4) Waves can travel great distances with little energy loss.

5) Wave power devices can reportedly generate power up

to 90 percent of the time, compared to 20-30 percent
for wind and solar power devices.

Due to the high density of water, sea wave power is one

impacts
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of the most powerful sources of renewable energy. In recent
years, wave energy extraction has been a popular field of
study among researchers and examples of wave-energy
converters are found throughout the literature (Antonio,
2009; Drew et al., 2009; Falnes, 2002). These converters are
generally divided into categories based on their distance
from the shoreline and the type of technology used.

In another category type, there are three groups of devices
that are classified based on their horizontal dimension with
respect to sea waves. When the horizontal dimension of a
converter is much smaller than the wavelength of an
incident wave, it is known as a point absorber; otherwise, it
is called a line absorber. A line absorber that is parallel with
the waves is called an attenuator and one that is
perpendicular to the waves is called a terminator. In this
study, we focus on the point absorber. Point absorbers
(floating or submerged) convert the vertical motion of ocean
waves into linear or rotational motion to drive electrical
generators by means of a power take off (PTO) system
(Bozzi et al, 2013). While they have a low energy
absorbtion rate, if the size of the device is taken into account,
its energy absorption capacity seems favorable (Iglesias et
al., 2010). In addition, active and/or passive controls, as
well as an optimized wave farm arrangement, can result in
an increase in total energy absorption (Babarit et al., 2004;
Fusco et al., 2011).

The Folating Point Absorber (FPA) concept was first
introduced by Budal and Falnes (1978), and the mathematical
FPA relationships were presented by McCormick (2013). It is
an incontestable fact that a good wave absorber must be a
good wave maker. Hence, in order to absorb wave energy, it is
necessary to displace water in an oscillatory manner and with
the correct phase (timing) (Cruz, 2008; Falnes, 1995). FPAs
can heave up and down on the surface of the water. Because
of their small size, wave direction is not an important
consideration for these devices. There are numerous examples
of FPAs, one of which is Ocean Power Technology (OPT)’s
Powerbuoy. Fig. 1 shows an photo of a wave farm using
Powerbuoys (Drew et al., 2009).

Eriksson et al. (2005) conducted numerical wave
interaction studies using a cylindrical point absorber
connected to a seabed-based linear generator. In that study,
the generator was modeled as a viscous damper. By writing
the equation of motion and considering different diameters,
as well as the spring and damper coefficients, it is possible
to calculate the energy absorption.
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Fig. 1 FPA device: OPT PowerBuoy

Y. Yu and Y. Li (2013) studied the nonlinear interaction
between waves and an FPA device. Their study showed that
the nonlinear effects, including viscous damping and wave
overtopping, could significantly decrease the power output
and the motion of the FPA system, particularly in the
presence of larger waves. Nazari et al. (2013), performed a
feasibility study on the implementation of a point absorber
in the port of Assaluyeh. The results showed that the natural
frequency and damping coefficient parameters significantly
affect the average heave displacement. Therefore, by
changing the shape of the device to a conical cylinder, the
drag coefficient was decreased by 50% and the mean energy
was increased by 45 watts.

Later, Beirao and Malca (2014) conducted another
numerical study using a commercial finite element code.
They performed a time domain analysis using Simulink
Matlab software. By designing a heaving buoy in water of
infinite depth, they found that a spherical geometry is
optimal.

To improve efficiency, Goggins and Finnegan (2014)
studied three geometric parameters, the diameter of the
floating component, and the damping coefficient. In a case
study on Ireland’s west coast, Pastor and Liu (2014)
simulated and analyzed the performance of a point absorber
in the frequency and time domains, and obtained
hydrodynamic coefficients using ANSYS-AQWA software.
This device was used to generate electricity on a gas and oil
platform, and the study objective was to determine the
optimum geometry and draft.

In general, recently developed computational tools
facilitate more efficient analysis of the behavior of such
devices, although they may be fragile, depending on their
configurations and methodologies. The FPA device used in
this study was inspired by OPT’s PowerBuoy, as shown in
Fig. 2 (Courtesy of Ocean Power Technologies, 2013).

Since, in our research, we used ANSYS-AQWA software
as a core tool for computation, we carefully considered as
main factors the existing software restrictions as well as our
study objectives. The hydrodynamic parameters come with
the AQWA software package, which is based on the
boundary element method and linear potential wave theory.
Therefore, it is a suitable approximation for modeling point
absorbers (Bozzi ef al., 2013).

Fig. 2 Prototype of OPT’s PowerBuoy

We considered the two-body FPA device to explore the
effects of wave height and period, and those of the device
diameter, draft, geometry, and damping coefficient on
energy conversion and device efficiency. This device
extracts wave energy during the heave motion through a
mass-spring-damper system. Here we consider that the
mass-spring-damper system acts in a linear fashion. The
effects of the nonlinear interaction between waves and the
FPA device, and viscous damping and wave overtopping in
particular, are not investigated in this study. This paper is
organized as follows: In the second section, we characterize
the FPA concept, the equations of motion of FPA devices,
and the PTO system’s force and power. In the third section,
we discuss the main governing equations and modeling
flowchart in the ANSYS-AQWA software package. In the
fourth section, we validate our results by comparing them
with existing experimental test results. In the fifth section,
we investigate the effects of the various parameters listed
above. Finally, in the last section, we draw our conclusions.

2 FPA Concept

As mentioned above, the converter examined in this study
is a two-body FPA, with one degree of freedom in the heave
direction (Fig. 3). The floating section deals directly with
the wave and the other section is completely submerged.
The relative motion of the two components results in energy
absorption. These two parts are connected by a linear
mass-spring-damper system, which is expressed as a PTO.

The equation of motion of an FPA in heave motion is
obtained by:

F=ma (1)

Float:(F.) . + Fpp, = myay )

Reaction: (R,), — Fprp = myay 3)
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where m is the mass of the body, « is the acceleration vector
for the translation, Fpro is the PTO force, and F- is the force
component in heave. Subscripts “F” and “R” indicate the
float and the reaction sections, respectively. The PTO force
is defined as
E)TO = _CPTO (“F _uR) - KPTO (ZF _ZR) 4)
where Crro is the damping coefficient, Kpro is the spring
stiffness, ur, ur are the heaving velocities of the float and
reaction section, respectively, and zr, zz are the heaving
displacements of the float and reaction section, respectively.
Also, the generated instantaneous power (PTO) is
proportional to the square of the relative translational
velocity of the two sections, and is expressed as follows:
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Fig. 3 Simplified schematic of the FPA system

3 Main governing equation in ANSYS-AQWA

In this study, numerical modeling is performed with
ANSYS-AQWA software, which uses the potential flow
theory and a diffraction/radiation theory application. The
velocity potential is obtained by assuming incompressible
and irrotational flow:

u=Vve Q)

P(x,)=¢ + )+ (7
where ¢p is the diffraction potential of the waves about the
restrained body; ¢r is the radiation potential from the
oscillating motion of the body in still water; and ¢, is the
incident undisturbed wave potential.

In diffraction theory, the potential function is calculated
by solving the Laplace equation, applying appropriate
boundary conditions, and then calculating the pressure and
consequent acting forces on the body.

4 Validation

To validate this model, we compared the numerical results
of these two steps with those from similar experiments. In
the first verification test, we assumed that there was no PTO
connection between the two parts and the one-body system,
and by modeling the PTO, we evaluated the two-body FPA
system. We measured the output power for different wave
conditions.
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4.1 Experimental Set-up

In December 2010, researchers from UC Berkeley
conducted an experimental test with a floating buoy with
one degree of freedom in the heave direction. Fig. 4 shows
the buoy in the flume, with a length, width, and height of 68,
2.4, and 1.5 meters, respectively.
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+4—= system

Reaction
section

Fig. 4 FPA with exact dimensions in experimental tank

In the laboratory, to perform the decay test, an initial
displacement of Hin = 0.02 m was applied and the natural
frequency obtained was around 0.9 s.

4.2 Numerical Set-up

The flowchart in Fig. 5 shows the three main steps of the
modeling process in the AQWA software package.

The model geometry was drawn using SolidWorks
software. To analyze in the frequency domain, we
considered the frequency range for the construction of
hydrodynamic matrices to be 0.1-0.33 Hz. At this stage, the
we conducted an analysis of the balance, stability,
diffraction/radiation, and frequency domains, as illustrated
in Fig. 3. Fig. 6 shows the grid resolution around the FPA
model. Note that the sensitivitiy of the grid was examined,
and the total number of meshes was set to 7007.

The third step is to consider the nonlinear problem and
estimate the power output in the time domain. A nonlinear
problem, here, refers to the effect of second order wave
forces. These effects are most apparent in the behavior of
anchored or moored floating structures (Journée, 2001).

Studies have shown that a final simulation time of 120 s
and a time step of 0.05 s are appropriate, so they were
utilized in this study. We defined the wave as linear and the
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outputs of this stage as displacement, velocity, acceleration
of the FPA, mooring forces, and time history.

Fig. 7 shows a comparison between the numerical results
and the experimental data in the one-body FPA system with
an incident wave height of 2 m (H = 2 m). The vertical axis
is the response amplitude operators (RAOs) and the
horizontal axis is the wave period. When the wave period is
more than the resonant period, the heave response follows
the motion of the water surface. Also, the peak period occurs
at the natural period, as obtained from the decay test.

Frequency Domain Analysis

Fex Frad Fres

Time Domain Analysis

Motion PTO Torce
Response

Fig. 5 Modeling flowchart with ANSYS-AQWA software

Fig. 6 Mesh used in the AQWA simulation
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Fig. 7 Comparison between the numerical results and the
experimental data in the one-body FPA system (H =2
m)
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To validate the two-body FPA system, we considered an
incident wave with a period of 8 s and a height of 2.5 m. The
float section displaces more in the vertical direction due to
its direct contact with the waves, and the displacement
decreases with depth.

Figs. 8 and 9 express the velocity responses of the float
and reaction sections, respectively.

To ensure the accuracy of the PTO modeling, we radiated
an incidental wave with a height of 2.5 m, and then
compared the different wave periods and relative
displacements obtained from numerical results with those in
the experimental data. (see Fig. 10)
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Fig. 8 Velocity response of the float section (H=2.5 m, 7=8 s)
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Fig. 10 Heave response of the point absorber (H = 2.5 m)

5 Parametric sensitivity study

Our validation showed that the output of the
ANSYS-AQWA software agreed with the experimental data.
Differences between the results are due to numerical errors,
such as simplifying assumptions and errors in the
experimental procedure, such as measurement error, which
are normal. In the following section, we discuss the effects
of various parameters on energy absorption and device
efficiency, including wave height and wave period, and the
device diameter, draft, geometry, and damping coefficient.

5.1 Wave height

We studied wave energy absorption by the point absorber
for different wave heights and periods. The amount of energy
absorbed is directly related with the wave period. This process
continues until the natural period of the device equalizes with
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the wave period and becomes resonant with it.

At higher wave periods, energy absorption is reduced. We
assessed three damping scenarios, at 800, 1200, and 2000
kN-s/m, and the results are shown in Fig. 11.

When the wave height is decreased, the energy absorption
increases with increasing wave periods, whereas increasing
the height results in energy absorption reduction and peak
displacement.

From Fig. 11, we see that with increased damping, it is
more likely that maximum energy absorption occurs at
lower wave heights and higher periods. Therefore, if wave
conditions are known, the optimal damping ratio can be
selected to yield resonance and the maximum absorption of
power.
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Fig. 12 Contour plots illustrating the effect of wave height and wave period on energy
5.2. Damping increases until it reaches 1200 kN-s/m, as shown by the

By examining several damping coefficients, we found that
by increasing the damping coefficient, energy absorption

trend of changes in Fig. 13.
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Fig. 13 Effect of damping coefficient on absorbed power (H
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5.3. Float Diameter
The float section is a cylinder with a diameter of 11 m and
a height of 3 m. If there is an incident wave with a height of

2 m and different periods, the results will be as shown in Fig.

12. As we can see, the highest energy is 280 kW at a period
of 9 s, which is equal to the natural decay period.

We repeated the simulation with four different diameters
of 9, 10, 12, and 13 m, while the other parameters remain
constant. The PTO absorption coefficient for damping and
spring stiffness are 1200 kN-s/m and 20 kN/m, respectively.

By increasing the diameter, the energy absorption
increased due to changes in stiffness and mass; therefore, the
peak period in Fig. 14 is displaced. In Fig. 15 contour plots
express the effect of float diameter on energy absorption.
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Fig. 14 Effect of float diameter on absorbed power
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Fig. 15 Contour plots illustrating the effect of float diameter
on energy absorption
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5.4 Reaction Diameter

The reaction section is a cylinder with a diameter of 14 m,
a height of 0.84 m, and a draft of 34.97 m, which is located
at a depth of 35.23 m. We used a 2.5-m wave with different
periods as the incidental wave and repeated the modeling for
the four diameters of 12, 13, 15, and 16 m.
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Fig. 16 Effect of reaction diameter on absorbed power
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Fig. 17 Contour plots illustrating the effect of reaction
diameter on energy absorption

As we see in Fig. 16, the effect of increasing the diameter
of the reaction section differs for the natural period of the
device from that outside the range. In the natural period,
changing the reaction diameter causes a reduction in energy,
since the ratio of 14:0.84 is the optimal ratio for diameter to
height. The maximum energy, which is 280 kW, is absorbed
in wave period of 9 s. In Fig. 17 contour plots illustrate the
effect of reaction diameter on energy absorption.

5.5 Draft

The draft in the original model is 34.97 m, and to analyze
the effect of this parameter, we compared it with the effects
of four other drafts of 34.47, 34.72, 35.22, and 35.47 m. The
distance between the selected drafts is 25 cm, with respect to
the geometry and the part submerged in water. Figs. 18-21
show the results for wave heights of 2.5 and 1 m,
respectively.
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Fig. 18 Effect of draft on absorbed power (H = 2.5 m)
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energy absorption (H = 2.5 m)
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Fig. 21 Contour plots illustrating the effect of draft on
energy absorption (H =1 m)

The results show that the existing draft is optimized for a
2.5-m wave height, but for lower wave heights, energy
absorption is increased by reducing the draft. Based on the
results of this study, the best draft can be chosen for each
absorber in different environments.

5.6 Geometry

In this section, we investigate the amount of energy
absorbed by the point wave absorber by modeling four
geometries of equal mass, as shown in Fig. 22. We note that
we used geometry (1) for validation and compared its results
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with those of the other models. The energy absorption of
incident wave heights of 1.5 m and 2.5 m are plotted in Figs.
23 and 24, respectively.
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Fig. 22 Four geometries of equal mass used for float section

In the proposed geometries, the absorbent contact surface
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with the water and the effective height of the floating section
in the water are not equal parameters. Geometry (3) has the
maximum contact surface and minimum effective height,
and Geometry (4) has the reverse. The two other geometries
have a combination of these.

The results of Fig. 23 suggest that Geometry (1) yields the
most energy with an incident wave of 1.5 m.
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Fig. 23 Energy absorbed in each of the geometries (H=1.5m)

The optimal results from Geometry (1) were proved again
by radiating an incident wave of 2.5 m. In this condition, the

absorption power of Geometries (1) and (2) are almost equal.

Also the higher incident wave height for Geometry (3) in
Fig. 24 shows irregular energy absorption trends because of
the variable cross-section.
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Fig. 24 Energy absorbed in each of the geometries (H=2.5m)

6 Conclusions

In this study, we considered the two-body FPA device to
explore the effect of wave height and wave period, along
with the device diameter, draft, geometry, and damping
coefficient on energy conversion and device efficiency. The
results are summarized as follows:

1) When the wave height is decreased, energy absorption
increases with increasing wave period, while increasing the
height results in the reduction of energy absorption.

2) By studying several damping coefficients, we showed
that by increasing the damping coefficient, energy
absorption increases.

3) By increasing the float diameter, energy absorption is
increased.

4) In the natural period, changing the reaction diameter
causes a reduction in energy, since the ratio of 14:0.84 is
optimal for diameter to height.

Atena Amiri, et al. A Parametric Study of Two-Body Floating Point Wave Absorber

5) In the present study, for wave heights lower than 2.5 m,
energy absorption increases when draft is reduced. Based on
these results, the optimal draft can be chosen for each
absorber in different environments.

6) Of the four proposed geometries with equal masses, we
identified the optimal geometry for device performance.
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