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ABSTRACT

The wave energy attenuator is a floating device which operates
perpendicular to the wave fronts and captures wave energy from
the relative motions of two hinged floaters as waves passing by
them. For establishing the time-domain numerical tools to eva-
luate the performance of a wave energy attenuator, a Smoothed
Particle Hydrodynamic (SPH) model with mesh-free method
was adopted to simulate the hydrodynamic behaviors of each
floating object. Three different wave heights of 6 cm, 7 cm, and
10.4 cm of the same period of 1.22 s were commonly derived
from typical potential oceanic zones offshore Taiwan and Japan.
Comparisons of the hydrodynamic behaviors of an attenuator
show that the device has an averaged rotating angles of about
9-15 degrees for the upstream floater (Floater A) and of smaller
about 6-9 degrees for the downstream floater (Floater B) during
an averaged wave cycle. For energy conversions, the wave height
of 6 cm has the maximum capture factor of 22%, which is larger
than those of 7 cm and 10.4 cm by about 4% and 17%, respec-
tively. Moreover, the converted ratio by an attenuator WEC
from wave energy loss are about 67% at H=6 cm, 38% at H =
7 cm, and 19% at H = 10.4 cm, respectively.

I. INTRODUCTION

Among many wave energy conversion techniques in the re-
cent decade, Pelamis is one of the well-developed wave energy
convertors (WECs) with an attenuator type that absorbs energy
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Fig. 1. Illustration of wave energy attenuator.

of ocean waves to generate electricity. An attenuator WEC op-
erates perpendicular to the wave fronts and captures wave en-
ergy from the relative motions of two hinged floaters as wave
passing by them, as shown in Fig. 1. Many researches have
been carried out to develop such a typical device due to its ad-
vantages as a floating attenuator WEC with flexible deploy-
ments at different water depths and wave height reductions in
the rear water fields. So far, those results have given that this
type of device consists of some typical properties on dynamic
mechanisms. For example, Holmberg et al. (2011) reported that
the length of an attenuator’ floating segments should be smaller
than 1/4 of the wavelength (1) for higher performance. More-
over, the device is most suited to relatively long waves (T, > 7 s)
for better performance. For optimal design based on potential
theory, Haren and Mei (1979) investigated that a train of three
floater segments with different lengths had been proofed to be
the optimal design on capture efficiency at different wave fields.
Also, Zhou and Eden (2015) reported that comparisons of dif-
ferent segment lengths of an attenuator show that the shorter
one had the higher energy-capturing performance.

For evaluating the floating motions and operating efficiency,
some numerical tools such as WAMIT, NEMOH, WEC-Sim with
potential theory are widely used to help predicting the Response
Amplitudes Oscillations (RAO) and motion properties for the
WEC in the frequency and time domain. In addition, several com-
putational Fluid Dynamics (CFD) such as OpenFOAM and Fluent
are also frequently used to deal with the hydrodynamic problems
in the WEC’s operations. However for these numerical tools,
floating motions under wave actions require usage of dynamic
meshes or numerical schemes on grid background. Compared
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to the grid methods, a mesh-free one with Lagrangian approach
may be more convenient to deal with the problem on such a
floating object.

A particle method, Smoothed Particle Hydrodynamic (SPH)
scheme, is originally developed for astrophysics by Lucy (1977)
and Gingold and Monaghan (1977). Later, Monaghan (1994)
first applied it to surface flows, including simulations of the dam
breaking and the wave breaking. Recently, SPH has become more
widely applied to CFD, especially on fluid-solid interactions
(Bonet et al., 2004; Antoci et al., 2007; Violeau et al., 2007).
For ocean energy, the SPH method had been applied to eva-
luate an offshore floating Oscillating Water Column WEC in the
open sea by Iturrioz et al. (2014). The authors had also developed
numerical tools based on SPH methods for estimating other
types of the WECs, including a bottom-hinged converter (Chen
et al., 2014), a sliding type converter (Chen et al., 2012) and
those with Power Take-Off (PTO) system (Chang et al., 2015).
In this paper, the aim is to establish a 2-D numerical model flume
with SPH method for simulating the motions of a floating at-
tenuator WEC with two floaters. Key dynamic aspects of the inter-
actions between waves and moving attenuator’s floaters shall
first be highlighted from previous work. Then evaluations shall
be carried out on the capture efficiency of the attenuator WEC
at typical wave conditions in both Taiwan’s and Japanese po-
tential oceanic waters.

II. METHODOLOGY

1. Governing Equations

The SPH method based on the Navier-Stokes equation con-
sisting of the continue and momentum equations, describes the
motion of a viscous flow with SPH discretization formulae ex-
pressed as follows

d -
d_P: ij”i/ V. (1
t
. P P -
i =D om| 5 [V 4T+ g 2
o =\ pop ‘

where u denotes the vector velocity, subscript i and j the
assigned number of each particle. Therefore, wy = u; —ﬁj is

the velocity variation of the particle between the velocity, W
the kernel function, p the fluid pressure, m the particle mass, I'1
an empirical approximation of the viscosity effects by Monaghan

et al. (2003). § the gravitational acceleration.

1) Equation of State

Some researchers developed the incompressible flow in SPH
method using the Poisson equation (V>P = p(Vv/Vt)), e.g.,
Khayyer et al. (2008) and Shao and Lo (2003). This method is

commonly solved in Eulerian approach but is time-consuming
for solving them. Therefore, the Tait equation by Monaghan
(1994) have been adopted due to low density variations and low
computational cost. It is given as

Rﬂ[£J4 3)
Po

where =7 a constant, p, = 1000 kg/m’ the reference density,
and B =c’p,/y with sound speed (c), governs the relative den-

sity fluctuation. In addition, the c is relative to the Mach number
(M,). Since the actual sound speed being very large, the corre-
sponding Mach number is very small. Therefore, the density
fluctuation could be nearly negligible, and the fluid is approached
as an ideally incompressible.

2) Viscosity
The artificial viscosity developed by Monaghan (1992) has

been widely used due to its simplicity. The equations are expressed
as follows

G My

1_/;,']';,‘]' <0
=9 p 4)
0 l;y;U >0
with
/’l;li‘;i'
py = ®
ri+n

where the position and the velocity of particle i and j are ry =
ri—r; and wy =u;i—u;, respectively. The averaged sound speed
is Zij =(c;+¢;)/2, the averaged density /_)l.j =(p,+p;)2,
17 =0.01 k*, aris an experiential parameter by Monaghan et al.
(2003).

2. Fluid-Solid Interaction

1) A Floating Object

According to Monaghan et al. (2003), the force on each
boundary particle is computed by summing up the contribution
from all the surrounding water particles. Denoting the force per

unit mass on a moving body boundary particle k£ by 7 + » as follow
= X du

fo=2m =" ©)
=1 dt

where N is the total number of boundary particle as the floating
object. d ui /dt the acceleration exerted by water particle on
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Fig. 2. Definition of floating object.

each boundary particle, m the mass of each boundary particle.
Therefore, the displacement and rotation of a floating object
can be obtained from the boundary particles, the formula includ-

ing the total force (I—?) and torque (;) can be modified as

follow by Monaghan et al. (2003) and Gomez-Gesteira et al.
(2010).

e - dv
F=Xfi+Mg=M-— 7
k:l dt
- X do
T=Zl,{~szl~z ®)

where / is the distance between a boundary particle and mass
center (Xy,c) of the floating object (see Fig. 2), M and / the mass
of the object and moment of inertia, respectively. Moreover, v
and o denote the moving and rotating velocities of the floating
object, respectively. Note that the moving boundary forces
(7k) (see Eq. (7)) contain the fluid’s acting force on the float-

ing object and the buoyancy from water particle within a smoothed
radius. In particular, the SPH formulae are relative to the den-
sity so that the buoyancy of the floating object can be more easily
obtained. Hence, from the total force (1—7 ) and torque (7 ) the
moving and angular velocity of a floating object can be predicted

by
(dij'” (d_Xj(i] A ©
dt dt M

n+l n -
401 _(dOY [T A

dt dt I
where X and @ are the position and angular displacement, re-
spectively. Superscript “n+1” denotes the computational value

in next time step of Az. Thus, the displacement of a floating
object can be predicted by

(10)

dx dej A an

X)) =X +[E+E

incident
waves

Floater} A Floata Boundary particle
° O © P Oél(,r B /X
0—o

TRRRN

Fig. 3.

R R SRR

Definition of wave energy attenuator with two floaters and a floating
hinge.

2) An Attenuator with Two Floaters

The targeted wave energy attenuator consists of two floaters
and a floating hinge being installed on the center of between two
floaters for connecting them, as show in Fig. 3. The upstream
floater is denoted as Floater A, the downstream one Floater B,
respectively. In general, the damping system is also installed on
the floating hinge for capturing wave energy by bending under
wave actions.

For an attenuator, the floating hinge (H,) at the center as the
rotating center between two floaters, the displacements and ro-
tations based on the Eqs.(7) and (8) can be re-written as

F:FA‘FFB:|:i?kA+MA§:|+|:i?kB+MB§:| (12)
kA=l kB=1

N

T=Tats {z(m xlkA)—(M@deCA)}

kA=1

LB ) (0

kB=1

(13)

where subscript 4 and B denote the floaters A and B, respec-
tively. k4 and kB denote the boundary particles on floater A and
B. In addition, I(= p — H,) denotes the distance between the
boundary particle (p) to the floating hinge (Hp) in 2-D (x-z plane).
Note that the torques for floater A and B due to wave acting on
the floaters and their gravitational force, include different rota-
tional directions for floater A and B from the gravity-induced
body forces (see Eq. (13)). Therefore, the displacement and an-
gular velocity of a whole attenuator system can be obtained by

ax Y™ (ax Y F Y
S | A
dt dt M, +M,

n+l n - n
a0, \" _(d0,Y [(z.)
dt dt 1

(14

(15)
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Fig. 4. Comparisons of the simulated rotating angles of a bottom-hinged

wave energy converter with experimental data (Chen et al., 2014).

(16)

n+l n - n
40y | _[d0s ) (78] 4
dt dt 1,

Hence, the position of a floating hinge (H,) and the mass center
of floater A (Xjsc4) and B (Xjcp) can be predicted by

n+ n dx ’
(Hy)"™" = (H,) J{Ej -At (17)
ax de, Y
X)) =X yes) +| —+dye—2 | At (18
( MCA) ( MCA) (dt MC. dtj (18)
n+ . [ dX do,\'
(XMCB) IZ(XMCB) +(E+d/wc5'd_t3j At (19)

Moreover, the position of each boundary particle on the floater
A (Xky4) and B (Xkp) can be predicted by

dx do,\'
X )T =(X)) 4| —+1,, - —4 | At 20
(Xp) (Xps) (dt k dtj (20)
dx de.\'
X V=X ) +| —+1,  —E | At 21
( kB) ( kB) (dl ki dt) ( )

3. Model Highlights on Key Aspects

In order to reasonably simulate the interactions between an
attenuator and waves by present SPH tool, key aspects on hinge
motions, floater displacements, and a wave traveling are further

0~]4|||||||||||||||||||

Experiments
0.12}— - - ®@- - MPS Model —
— A — SPH Model

0.1 f—

0.08 |—

0.06 f—

Z (m)

0.04 f—

0.02 |—

ool Lo b b b b b b
-0.04 -002 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

X (m)

Fig. 5. Tracking the displacements of floating body by Chen et al. (2016).

highlighted. First two aspects will be based on previous work
in Chen et al. (2014) and Chen et al. (2016), respectively.

1) Hinge and Floater Kinematics

For describing hinge motions, Fig. 4 (from Chen et al., 2014)
shows the rotations of an bottom-hinged oscillating wave surge
converter (OWSC) under different wave conditions. A rigid
acrylic flap with a height of 50 cm, a thickness of 0.5 cm and a
density of 1.18 kg/m’ was driven by wave loadings. The result-
ing rotating angles could be reasonable simulated with high
correlations of 0.96-0.99 and low variations of 0.82-1.67.

For a moored floater, Fig. 5 shows that a rigid floater with a
height of 5 cm, a length of 8 cm and a density of 0.25 g/m’ in
the wave tank of 45 cm depth could be reasonably simulated for
its with high correlations with experimental data (Shigemura
etal., 1987) and Moving Particle Semi-implicit (MPS) method
(Ikari and Gotoh, 2009).

2) Wave Decay by Viscos Effect

Waves with viscosity effects traveling through motions of an
attenuator WEC is one of vital issues in a numerical tank. A
solitary wave was adopted for further validating present study.
According to Keulegan (1978), the formula for wave attenua-
tion of a solitary wave in viscos flows is expressed as

1

4
= i +L 1+% —1/2lu2/3 i
d) 12U B Ng7d”® 4

where H; is the incident wave, d the water depth, B the width of
wave tank (B =1 for 2-D tank), & the dynamic viscosity (= 1 x
10°N - s/m%). And the Keulegan’s formula has been modified
by Mei (1989) using perturbation method, the formula was
re-written as follows

(22)
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Table 1. The wave conditions and ratio of device length and wave length.

757

D Wave height Wave period Wave length Wave steepness Device length/wave length
H (cm) T (s) A (m) H/\ LA
6.0 1.22 2.04 0.030 0.25
7.0 1.22 2.04 0.035 0.25
10.4 1.22 2.04 0.050 0.25

(23)

1 1
L 1 P
(H)s =(H) +0.08356\/g1/—:'

Comparing the simulated wave attenuations with those two
theoretical analyses as a solitary wave traveling in the numerical
tank has the lower variations under 0.02% even for a distance
x/d >= 20, as shown in Fig. 6. Therefore, the simulations in wave
attenuation are in good agreement with the theoretical analyses
implying the occurrences of wave attenuation in the downstream
vicinity of an attenuator WEC should be mainly due to floaters’
absorption from waves.

U=

III. MOTIONS OF AN ATTENUATOR

1. Natural Wave Conditions Offshore Taiwan and Japan

NEDO (2011) reported that the annual averaged wave power
in northeastern Asia is about 10-15 kW/m from field-measured
data during 1948-2008, as shown in Fig. 7(a). It shows that the
higher potential wave-power areas are far from the coastal to
be in deep water. From field-measurements it is known that at
some shallow water sites and during specific seasons, there could
still be oceanic zones with higher wave power. For example, the
northeastern Taiwan, and east coasts of central Japan and so on.
Thus, long-term data from stations at both sites were adopted for
analyses.

The joint distributions of significant wave heights and signi-
ficant/peak wave periods in Japan and Taiwan for over 10 years
are shown in Fig. 7(b) and (c). It is noted in both figures that
the wave conditions ranged about 0.5-7.0 m on wave heights and
2-14 s on wave periods offshore east Japan, and about 0.5-3.5 m
on wave heights and 4-10 s on wave periods offshore northeastern
Taiwan. It indicates that waves in the two oceanic areas are of
similar heights but of longer wave periods in areas at higher
latitude than at lower one.

In order to estimate applicability of this attenuator at different
wave conditions, wave heights of 1.5 m, 1.75 m, and 2.5 m with
the wave period of 6.0 s for about wave power of 6.75-18.75
kW/m were adopted. For further validations on numerically
simulated floater kinematics by comparing with lab-flume ex-
periments with a water depth of 50 cm, a model scale of 1:25
were calculated. Therefore, the corresponding input wave condi-
tions became 6 cm, 7 cm and 10 cm of heights and 1.22 s of the
same period.

2. Numerical Settings

Wave maker

z (m)

WGIWG2G3

[] [][] Froater A Floater B

X (m)

Fig. 8. A 2-D numerical tank for simulating a wave energy attenuator.

Taking into account of computational costs in simulation,
the SPH method in 2-D was adopted for evaluations with negli-
gible diffraction and refraction effects. The adopted numerical
wave flume was equipped with a length of about 20 m and a
depth of 0.5 m. A piston-type wave-maker was set on the up-
stream and a 1:10 slope on the downstream boundary for reduc-
ing reflected waves. The simulations adopted a particle spacing
of (dx = dz) 0.02 m, and empirical coefficient (&) of 0.05 for
viscosity term by Monaghan et al. (2003). For further estimating
the energy attenuation, three wave gauges were installed at x =
3.4 m, 3.6 m, and 3.8 m for analyzing the reflection and at x =
6.5 m for transmissions, as shown in Fig. 8. In order to com-
pare the variations of wave energy during wave energy attenuator
being operating, incident waves with heights of 6 cm, 7 cm and
10 cm and with a period of 1.22 s were applied for a model
scale of 1:25 with the same ratio of device length (L) and wave
length (A) of 0.25, as shown in Table 1. Moreover, the same
length of 0.5 m for both floaters was adopted in this study. The
initial settings of the model assigned 3,789 particles on the boun-
dary, 110 particles on the floating object, and 12,202 particles
in the fluid.

3. Motions with Free Surface

The motions of attenuator at different phases in the wave
conditions (H =5 cm, 7= 1.22 s) are shown in Fig. 9. When
wave crest approaches the attenuator, the upstream floater ge-
nerates clockwise rotations, as shown in Fig. 9(a). Then Floater
A transfers counter-clockwise rotation as wave crests passing
it and approaching the hinge. Meanwhile, both floaters move
upwards with free surface, as shown in Fig. 9(b). Both floaters
continuously generate counter-clockwise rotations by the follow-
ing wave trough being lower under the water surface, as shown
in Fig. 9(c). As the following incident waves approaching, both
floaters could be driven to be through the same motions in a
wave cycle.
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Fig. 9. The motions of the wave energy attenuator at different phases.

As a result, averaged rotating angles for a wave period with
different wave conditions between Floater A and Floater B are
shown in Fig. 10. The positive degrees (+¢) denote the rota-
tions by counter-clockwise and the negative ones (—6) clock-
wise. The averaged rotating angles for maximum and minimum
ones of Floater A are about 9.1° for H of 6 cm, about 10.6° for
H of 7 cm, and about 14.5° for H of 10 cm. Moreover, those
for the Flap B are about 6.0° for H of 6 cm, about 7.0° for H
of 7 cm, and about 9.2° for H of 10 cm. The results show that
Floater A at upstream tends to rotate with larger angles than
Floater B at downstream. Moreover, higher incident waves
could induce larger rotating angles of the floaters.

4. Evaluations on Energy Conversion

1) Wave Energy Loss at the WEC

To estimate the efficiency of a attenuator, the energy loss at
the attenuator WEC with the same water depth in the numerical
flume consisting of the transmission (K= H7/H;) and reflection
coefficient (K), Mansard and Funke (1980) gave as

K, =1-K; - K, (24)
where H; and Hr are the incident waves by gauge-3 (WG3) and
transmitted waves by gauge-4 (WG4), respectively. The reflec-
tion coefficients are analyzed accordingly to Mansard and Funke
(1987) from three wave gauges in front of the attenuator. For

the energy conservations, the energy loss is related to the con-
version of an attenuator when the incident waves passing over

Rotating Angle (9)
o

P S P
10 —H%E/’i‘

| Floater A

o, ~ - - &
210 — I—\\_\I —

- Floater B -
20 | | | | | | |
0.2 0.4 0.6 0.8 1

T

Rotating Angle (9)
=
&

Fig. 10. Comparisons of the rotating angles of floater A and B with the
same device lengths and masses. (L= Lg, M= Mp)
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Fig. 11. Comparisons of the reflection coefficient, transmission, and energy
loss.

the device. Comparisons of the energy loss with those reflection
coefficient and transmission are shown in Fig. 11. For three
different incident waves, the reflection coefficients H; were seen
to be slightly larger at the highest wave steepness. At lowest
and highest wave steepness of 0.030 and 0.050, transmission co-
efficients Hr became similarly 0.8 and 0.82, but became lowest
to be 0.7 at wave steepness of 0.035 due to highest energy loss of
48 %. It suggests that transmitted waves than reflected waves
be more closely dependent on the energy loss by an attenuator.

2) Captured Factor

In order to further understand the mechanical power by the
attenuator, the instantaneous power | Pl during a wave cycle
could be estimated by the expression as

|H:%Kdmmmt (25)

where T denotes the wave period, 7 the instantaneous torque
by present model calculation, @ the instantaneous angular velo-
city. Therefore, as incident waves passing the attenuator, Floater
A at the upstream and Floater B at the downstream can generate



Table 2. Averaged mechanical power by rotation of two floaters.
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Floater @ ¢ T ‘P‘ B
(rad/s) (N-m) (s) (Watt/m) (Watt/m)
H=6.0cm
A 0.534 1.395 1.22 0.91 L1
B 0.333 0.504 1.22 0.20
H=7.0cm
A 0.604 1.368 1.22 1.01 123
B 0.325 0.566 1.22 0.22
H=10.2cm
A 0.806 0.699 1.22 0.69 0.80
B 0.505 0.179 1.22 0.11

mechanical power by wave-induced rotations, respectively.
The averaged mechanical power by attenuator operations is
shown in Table 2.

It is clearly seen that both averaged angular velocity (Z) ) of
two floaters and their variations ( @rivator 4 — @ Fioator 8 = 0.201

for H of 6 cm, 0.279 for H of 7 cm, and 0.301 for H of 10 cm)
between floaters gradually increased with increasing wave

heights. In additions, the averaged torques (;) for upstream
Floater A were larger than that for downstream Floater B. For
energy conversions, the averaged total mechanical power P,

with 1.22 Watt at H of 7 cm is the largest than the 1.11 for H of
6 cm and 0.80 for H of 10 cm. By comparing the wave energy
loss in Fig. 11 and captured power in Table 2 suggest that the
highest wave energy could be captured in conditions with the
lowest wave reflections and transmissions, respectively. That is
the highest wave energy loss and captured mechanical power
for H/L = 0.035 were highly related to lowest wave reflections
and transmissions with 0.16 and 0.70, respectively. Moreover,
for an attenuator WEC higher reflections are directly related to
higher transmissions resulting in lower energy losses and even
lower mechanical power.

According to theoretical analyses by Dean and Dalrymple

(1991), the theoretical wave power (‘}_)i‘) from the average

energy flux for regular waves can be evaluated by

‘Fi‘:E'Cn

:lngZ.c. l 1+.2L
8 2 sinh(2k#)

where £ is the total energy by summing up kinetic energy and
potential energy, Cn the speed of energy transmission, ¢ the wave
speed. Therefore, the theoretical wave power are obtained 4.95
Watt for H= 6 cm, 6.73 Watt for H= 7cm, and 14.87 Watt for
H =10 cm, respectively. Comparisons of the captured factors
(CFs) of an attenuator WEC show that the CF of 22% for H =

(26)

Table 3. Captured factors of an attenuator WEC from theo-
retical incident wave power and mechanical power.

N B 2] ler R ]/[R])
(cm) (Watt/m) (Watt/m) (%)
6.0 1.11 4.95 22
7.0 1.23 6.73 18

3 10.4 0.80 14.87 5
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Fig. 12. Comparisons of the energy loss, captured factors, and real con-
verted ratio by an attenuator WEC.

6 cm is the highest value than that of 18 % for H =7 cm and
5% for H= 10 cm, respectively, as shown in Table 3.

As incident waves passing by an attenuator WEC, K; and
CF are the key index to estimate the energy loss of waves and
energy conversions of a device, respectively. By comparing
K; and CF find that the highest ‘P;‘ at H=10.4 cm does not
Py

necessarily have a highest CF, also the highest K; and at

H =7 cm do not either have a highest CF. Hence, the real
converted ratio (K;/CF) by an attenuator WEC from the wave
energy loss are about 67% at H =6 cm, 38% at H="7 cm, and
19% at H=10.4 cm, respectively, as shown in Fig. 12.
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IV. CONCLUSIONS

The time domain mathematical model of a floating attenuator
WEC with two floaters in a SPH 2-D numerical wave flume
has been developed for estimating the wave-induced hydrody-
namic behaviors. Based on previous developed schemes includ-
ing a fixed hinge rotations and a floater motions and current wave
decay by viscos effect testing show that the simulations by pre-
sent model could obtain the reasonable results between the theo-
retical and experimental data.

The hydrodynamic behaviors were further investigated on
rotating angles of an attenuator WEC with regular wave trains
of 6 cm, 7 cm and 10.4 cm in height and 1.2 s in period, which are
commonly derived from potential oceanic areas offshore Taiwan
and Japan. For the simulations, the attenuator has averaged ro-
tating angles of about 9-15 degrees for upstream Floater A at
and about 6-9 degrees for downstream Floater B during a wave
cycle. For energy conversions, Floater A at the upstream could

generate higher averaged angular velocity (Z)) and averaged

torque (7 ) than Floater B at the downstream. Therefore, the
mechanical power for Floater A resulted in an averaged 0.87
Watt higher than that for Floater B by averaged 0.18 Watt.
Moreover, the attenuator at wave steepness of 0.034 had the
maximum energy loss of about 48% and maximum mechanical
power 1.23 Watt higher than others by 15-21% on energy loss
and by 10-35% on mechanical power, respectively. However,
estimating the CF's from incident wave power further illustrates
that the wave height of 6 cm has the maximum CF by 22%,
which is larger than that of 7 cm and 10.4 cm by about 4% and
17%, respectively. Moreover, under a fixed 7, the H of 10.4 cm
with the highest incident wave power could drive the largest
motions of an attenuator WEC than others, but it does not ne-

cessarily have a highest CF. Also the highest KL and FT atH

of 7 cm do not either have a highest CF. Overall, the real con-
verted ratio by an attenuator WEC from the wave energy loss
are about 67% at H=6 cm, 38% at H="7 cm, and 19% at H =
10.4 cm, respectively.

In future work, experimental results shall further be carried to
evaluate the optimal design for an attenuator WEC with power
take-off system and different floater lengths by present model.
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