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Abstract

Due to the current high cost of production, wave energy is a rather underutilized resource. In order to assess the
feasibility and efficiency of installing devices that convert sea wave energy into electrical energy, realistic sea state
simulations are of paramount importance. In this context, the present work brings a comparison of the available
power in an Oscillating Water Column (OWC) converter device, when subjected to irregular waves (reproducing a
realistic sea state) and regular waves (representative of this realistic sea state). The fluid dynamics simulations,
performed in the Fluent software, used velocity profiles from the coast of the state of Rio Grande do Sul as boundary
conditions for wave generation; these velocity profiles data were obtained from a simulated sea state using the
TOMAWAC model. The results show that the average power available in the OWC device is 5 W, obtained with realistic
irregular waves. The regular waves representative of the sea state, on the other hand, tend to underestimate the
available power by 0.78 times, if calculated based on the peak wave period of the spectrum; and overestimate it by
2.73 times if the mean wave period is adopted for the generation of regular waves. Based on these results, it can be
inferred that the peak period would be a more suitable estimator to represent an irregular sea state using regular
waves.

Keywords: sea state, spectrum, irregular waves, numerical modeling.

1. INTRODUCTION

The increase in energy demand goes hand in hand with society development. As development intensifies, there is a
need for greater energy consumption. In this context, renewable energy sources become increasingly relevant (Batlle,
2014).

Sea wave energy stands out in this context, since its total theoretical potential is of the same order of magnitude as
the global energy consumption (IEA, 2018). Currently, there are several technologies proposed to convert wave energy
into electrical energy. According to Cruz and Sarmento (2004), it is possible to classify the conversion devices
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according to the way in which each one converts wave energy into electricity: Overtopping; Oscillating Bodies (point
absorbers or surging devices); and Oscillating Water Column (OWC).

Among the mentioned devices, the OWC is the one that stands out the most. It is possible to find several studies on
this converter in the literature, such as, Falcdo et al. (2012), Simonetti et al. (2017) and Gomes et al. (2018); thus
justifying its choice for the analysis developed in the present work.

In addition, the motivation to develop the present work is based on the lack of analysis that use ocean waves realistic
data, since most studies use regular waves (e.g., Lopes et al., 2009; Henriques et al., 2012; Elhanafi et al., 2017; Bouali
and Larbi, 2017; and Gomes et al., 2017). Therefore, the aim here is to present estimates, closer to reality, about the
energy conversion efficiency, performed by the OWC device, considering the region where it would be installed. For
this, a coupling between two numerical approaches was performed: the wave generation hydrodynamic model
ToOMAWAC and the Computational Fluid Dynamics (CFD) commercial code Fluent.

Thus, this article aims to compare the hydropneumatic power available in an OWC type converter device, installed
on the coast of Rio Grande-RS, in the south of Brazil, subjected to irregular waves of a realistic sea state and to regular
waves representative of this sea state. An OWC converter, with dimensions based on the device located in Pico Island,
Azores (Portugal), was then adopted (Pecher et al., 2010).

Hence, from the realistic sea state of the coast of Rio Grande, simulated through the TOMAWAC model, it was
possible to determine the wave velocity components, which were imposed as a boundary conditions for the generation
of realistic irregular waves in the Fluent software. The OWC device was then subjected to these irregular waves, as well
as regular waves representative of that state of the sea.

2. MATERIALS AND METHODS
2.1  Study Area

The case study simulations in this article represented the coast of the city of Rio Grande, in the state of Rio Grande
do Sul (RS), Brazil. This region was chosen for its great population concentration, which, according to the 2010
Brazilian Institute of Geography and Statistics (IBGE) census, consisted of 197,228 inhabitants, making it the 10™ most
populous city in the state, and 1% most populous in the state, when considering the area of cities with direct connection
to the sea. Fig. 1 shows the computational domain used in TOMAWAC, where point P represents the region adopted in
the case study, located south of Cassino Beach, in the city of Rio Grande, RS, at -52° 177 47.25> W, -032° 22 30.95” S,
with a water depth of 10 m, and 2000 m from the coast, approximately.
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Figure 1. Computational domain used in TOMAWAC for the sea state simulation.

2.2 Computational Models

The methodology adopted in this study required four numerical simulations: the first, with the TOMAWAC model,
allowed to obtain a realistic sea state for the study area; and the others, with the Fluent software, allowed to obtain the
hydropneumatic power of an OWC device, using: i) the sea state irregular waves; ii) regular waves with the mean wave
period (form sea state); and iii) regular waves with peak wave period (from sea state).

TOMAWAC (part of the Open TELEMAC-Mascaret system — www.opentelemac.org) is a third generation spectral
wave model. TOMAWAC modeling is based on the balance equation of the wave action density directional spectrum,
therefore, the model calculates wind-driven waves, shoaling, whitecapping dissipation, non-linear interactions, and
bathymetric breaking. However, TOMAWAC does not take into account reflection and diffraction effects. Thus, this
model is not recommended for complex coastal regions (Holthuijsen, 2007). TOMAWAC models the sea state by solving
Eq. (1), which expresses a general situation, where waves propagate in a non-homogeneous unsteady medium, in which
the wave action density (/) is conserved within the source/sink terms (Q) (Benoit et al., 1996):
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where N represents the directional spectrum of wave action density, x and y represent the cartesian coordinates system,
kx 1s the wave number vector component on the x direction and £y is the y component of the wave number vector, Q is
the source term and ¢ is time.

The sea state parameters used in TOMAWAC were obtained from historical data from NOAA’s (National Oceanic
and Atmospheric Administration) Wave Watch III wave model. The surface wind boundary condition was obtained
from NOAA's Reanalysis 1 project, and the bathymetry data used in the seabed representation were obtained through
nautical charts from the Directorate of Hydrography and Navigation (DHN), of the Brazilian Navy, and the General
Bathymetric Chart of the Oceans (GEBCO). The TOMAWAC simulation was run for a period of 1 year, starting on
January 1%, 2014, and ending on December 31%, 2014 (Oleinik et al., 2019).

The Fluent software, on the other hand, was used to solve the governing equations. Fluent is based on the Finite
Volume Method (FVM), and it was used to solve the continuity and momentum equations. The multiphase Volume of
Fluid (VOF) model was used to tackle with the water-air interaction in the wave flume. In this context, the water free
surface can be identified by a variable named volume fraction (f), within each analyzed element in the control volume,
it is said that f = 1 when the element in question contains only water. When it contains only air, it is considered as
f =0, and, in turn, when the element contains both air and water, 0 < f < 1. In this type of model, there is a certain set
of continuity and momentum equations, which are suited for the water-air interaction within a single element. For a
Newtonian fluid, the continuity and momentum can be determined by Eqs. (2) and (3), respectively (Hirt and Nichols,
1981; FLUENT, 2007):

a—p+V(p17)=0
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where V is the velocity vector, 0 is the density, ! is the time, g is the gravitational acceleration, p is the pressure, and

T is the surface tension. The volume fraction is modeled by adding Eq. (4) to the system of equations:
AD vy -0 @

The physical properties used in Egs. (2), (3) and (4), assume that:

ID = .fpwater - (1 - .f)puir (5)
1= e == )ty (6)

The coupling between TOMAWAC and Fluent occurs through wave velocities (obtained through TOMAWAC), which
are used as prescribed velocity boundary conditions for the generation of irregular waves in Fluent. For this, it is
necessary to use the Spec2Wave software, which reads the sea states database generated by TOMAWAC, converting this
spectral data into time series of surface elevation and orbital wave velocity, using inverse Fourier transforms.

2.3  Interval of time analyzed

Due to the fact that a wave modeling of this complexity requires great computational power, and for the case study
to have maximum representativeness, the delimitation of a time interval that properly represented the characteristics of
the sea state in the region was needed. Therefore, a statistical analysis was performed, aiming to estimate the most
frequent sea state in the study area.

In this sense, a bivariate histogram of the time series obtained with TOMAWAC (Fig. 2) was made, in order to
determine the most frequent combination of significant wave height (Hs) and mean wave period (7m), so that the
simulation represents the largest amount possible of sea conditions at the study area. Therefore, Fig. 2 shows the
recurrence of sea states over the analyzed period, where an occurrence of about 2 thousand times was found for a sea
state with Hs =~ 0.66 m and Tm = 6.30 s, which represents around 6% of the total in the studied time interval.
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Figure 2. Histogram of wave recurrence, relating 7y, ¢ Hs.
Thus, time series of significant height (H;) and mean period (7) were obtained for point P (see Fig. 1), for the year

2014, aiming to estimate realistically the behavior of waves in the region. Fig. 3 shows the time series of Hs and Tm
obtained, and the ranges of Hs and T1, selected for analysis.
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Figure 3. Time series of significant height (Hs) and m period (7m), on the coast of Rio Grande, in the year 2014.
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Figure 4. Variance spectrum of representative sea state - I B.

Subsequently, several variance spectra present in the year 2014 were observed. Then, the spectrum which came

closest to H;~ 0.66 m and T, = 6.32 s was chosen.
After this procedure, a simulation, with a time interval of 15 min, was performed in Fluent, generating irregular

waves from the velocity profiles obtained from the spectrum I,B (Fig. 4).
To determine the irregular waves representing the sea state, it was necessary to convert the surface elevation profile

(n) into horizontal and vertical orbital velocity profiles. This allowed these profiles to act as velocity boundary
conditions, imposed along the water column at the wave flume entrance.
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The wave velocity profiles were determined using Eqgs. (7) and (8), obtained by equating the linear wave theory
proposed by Airy (1845), and using the deduction made by Holthuijsen (2007), based on the dispersion relation, given
by Eq. (9), as follows:

u=awma w cos(kx — wt) 7
sinh(kh)

W= q SEEG D) e — o) (8)
sinh(k#)

" = gk tanh(kh) ©)

where u and w are the horizontal and vertical wave velocities, respectively, @ is the wave angular frequency, given by
2n/T, k is the wave number, given by 27/, z is the position variation between the water free surface and the seabed, a is
the wave amplitude, / is the depth, measured from the mean sea level, and g is the gravitational acceleration.

However, not all parameters required for this conversion are known at the moment, so it is necessary to determine
the wave angular frequency o, the amplitude a, and the wave number k. Consequently, @ can be related to the wave
period 7, and the wave number & can be related to the wavelength L. It is also possible to remove the term kx from the
problem, since the surface elevation is given as punctual.

To determine these terms, the zero-up crossing method (Holthuijsen, 2007), widely used in wave record evaluation,
was adopted in order to estimate the time interval between the beginning and end of each wave, defined as AT.
Afterwards, the beginning and end of each obtained wave were marked, so that the interval of each one could be
measured, according to Fig. 5.
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Figure 5. Exemplification of the method used to determine the wave period and the wavelength, through a time series.

After the wave period estimate, the dispersion relation (Eq. (9)) was applied, in order to calculate the length of each
wave, resulting in Fig. 6.
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Figure 6. Wavelength, obtained through the application of the dispersion relation.

After all variables have been determined, Eqs. (7) and (8), corresponding to the velocities # and w of wave particles,
were used to determine the velocity profiles for irregular waves, obtained from a wave record

2.4  Time and Space Discretizations

Before starting the simulations in Fluent, it was necessary to define, initially, the wave flume dimensions and
configurations and, in sequence, the configuration of the adopted mesh. Regarding the wave flume, it was modeled as a
rectangular domain, with the upper part open to the atmosphere (atmospheric boundary condition, represented by the
dashed green line in Fig. 7), and with the bottom and the right side closed (wall boundary condition, represented by the
solid black line in Fig. 7). Thus, the region above the water surface was considered filled with air. In addition, the wave
generator can be found on the left side (represented by the red dashed line in Fig. 7), where the velocity profiles x and z
directions were imposed, represented, respectively, by u and w (Egs. 7 and 8).
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Figure 7. Computational domain of the wave flume used in the numerical simulations.

The wave flume used for the present work was 327 m long and 15 m high, with 10 m being the mean water level.
After the wave flume dimensions and boundary conditions were defined, the numerical beach treatment was imposed on
the final third of the flume, ranging from 218 m to 327 m. This treatment is essential to prevent incident waves from
being reflected by the flume wall, introducing unwanted disturbances in the conversion device that would interfere with
the imposed sea state. The numerical beach treatment consists of a region of the channel where an energy sink term that
dissipates the waves as they propagate over the region is considered, seeking to reproduce the dissipation that occurs on
a real beach (Park et al., 1999).

In order to define a spatial and temporal discretization of the wave channel that allowed the proper generation of
irregular waves, mesh convergence and time step tests were performed. To do so, 5 min of propagation of irregular
waves were simulated. At first, the spatial discretization of the wavemaker was investigated (dashed line in red in Fig.
7). For that, 18 simulations were performed, varying the area of each mesh element (4a), the number of divisions (4v)
and the time step between each modeled iteration (4¢), adopting the following values: 4a = {0.2, 0.5}, in m?, Av = {12,
25, 50}; and 4t = {0.03, 0.05, 0.07} in s.

The results of these simulations showed that the difference between using 15, 25, or 50 divisions on the wavemaker
spatial discretization is irrelevant. However, the increase in precision, when using Av = 25 in comparison to 4v = 15, did
not result in an increase in simulation time or in the size of boundary condition files; in contrast, the increase from Av =
25 to Av = 50 was rather small, regarding simulation time and file size, but with small significant differences in results.
Therefore, Av =25 was used in this study.

After defining the spatial discretization of the wave generator, the spatial and temporal discretization of the wave
flume were defined. For that, 6 additional simulations were performed, in which Av = 25; 4a = {0.1, 0.2, 0.5, 0.8}, in
m?; and At = {0.03, 0.05, 0.07} in s. It was observed that the time step (4¢) had less influence on the results.

To assist in choosing the values of 4a and A4t, the Root Mean Square Error (RMSE) between each simulation
considered in the second round of tests and the reference time series was calculated. The RMSE of an X function and
the reference E function, both sampled at n discrete points, is calculated according to Chawla et al. (2013):

RMSE = ’M (10)
n

Table 1 presents the RMSE between each of the 12 considered simulations and the reference elevation time series.
The additional rows/columns (in bold) show the mean value and percentage difference for each row/column.

Table 1: RMSE for At and Aa.

AL (s)\ A (m?) 08 0.5 02 0.1 v
0.07 0.1717 0.1548 0.1480 0.1454 0.1550
0.05 0.1707 0.1529 0.1459 0.1428 0.1531 1.23%
0.03 0.1693 0.1514 0.1443 0.1410 0.1515 1.02%
— 0.1706 0.1530 0.1461 0.1431 Average
At 210.28% ~4.55% 2.05% Difference

Table 1 shows that, from the simulations using Aa = 0.8 m? to those using Aa = 0.5 m?, there was a 10.28% decrease
in the calculated RMSE, which represented a considerable improvement in the result. In the case of Aa = 0.2 m?, there
was a reduction of only 4.55%, and for 4a = 0.1 m?, of 2.05%. Table 1 also shows that for simulations with Az=0.07 s,
compared to those with A¢ = 0.05 s, there was a 1.23% reduction in the RMSE, and for A7 = 0.03 s, a reduction of the
same order of magnitude, 1.02%. Ideally, the chosen configuration would be the most refined, however there is the
computational effort issue. Table 2 shows the processing time for each of these 12 simulations.

Thus, considering the increase of only 20% in the computational effort with the RMSE margins previously
presented, the parameter Aa = 0.5 m? was selected for the mesh construction. Likewise, since there is no significant
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difference in RMSE between the values of A¢, and taking into account the increase in computational time, the value of
At=0.05 s was chosen for the simulations.

Table 2: Execution time (in h) of each of the 12 simulations performed, and average percentage difference.

At (s) \ Aa (m?) 0.8 0.5 0.2 0.1
0.07 1:14 1:19 3:30 12:26
0.05 1:25 1:48 4:35 17:20 30.48%
0.03 2:12 2:50 7:25 27:20 58.94%
19.91% 160.74% 267.32% Difference

With a spatial and temporal discretization that allowed the generation and proper propagation of irregular waves in
the wave flume, the next step consisted of inserting the OWC converter into the wave flume.

The OWC dimensions adopted in this study were based on the OWC device installed in Pico Island, Portugal
(Pecher et al., 2010), which has a 12 m X 13.4 m hydropneumatic chamber, a 2.7 m X 11.3 m turbine duct, and a
submersion depth of 3.4 m. The mesh elements were gradually reduced when approaching the OWC device, aiming to
increase precision and reliability of the results. When distancing from device, the elements were gradually returned to
the previously predetermined dimensions. The spatial discretizations used in the wave flume and in the device are
shown in Fig. 8.
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Figure 8. Mesh and boundary conditions in the region around the OWC device.
2.5  Variables of Interest

For the study proposed in this article, numerical probes were defined to monitor the variables of interest during the
simulation, as shown in Fig. 9.

Monitors A and B are vertical monitoring lines inserted, respectively, at the beginning of the wave flume (x = 0 m)
and in the center of the OWC device (x = 109 m), being used to measure the free surface elevation (7) over time.
Monitor C is a horizontal monitoring line positioned in the center of the turbine duct (z =25.65 m), with the purpose of
measuring the mass flow of air throughout the turbine duct. Finally, monitor D, which is a monitoring point located in
the center of the turbine duct (x = 109 m and z = 25.65 m), was used to measure static pressure during the simulation.
These numerical probes were positioned according to Gomes et al. (2019).

MONITORS
B

a2 DH-C

X
------- +

Figure 9. Position of the numerical monitors A, B, C, and D, inserted in the Fluent software.

The calculation of hydropneumatic power, the main variable of interest, is defined by (Dizadji and Sajadian, 2011):

2 .
_ p airv air m
})hyd _( air 2 )

(11

air
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where Py is the static pressure in the turbine duct, O is the air density, m is the air mass flow in the turbine duct, and
vair 18 the air velocity in the turbine duct, calculated by (Gomes et al., 2019):

_om
Aﬁ%ﬁ

(12)

air

where A is the cross-sectional area of the turbine duct, calculated by multiplying the horizontal dimension of the turbine
duct (2.7 m, see Fig. 8) by 1 m, since this is a two-dimensional numerical simulation.

As earlier mentioned, the first Fluent simulation was performed with the imposition of irregular waves generated
from velocity profiles. After that, two other simulations were carried out; this time, with representative regular waves,
based on the parameters obtained through the aforementioned spectrum of variance (Fig. 4). The velocity profiles u and
w were obtained through the application of Egs. (7) and (8), respectively, and were later inserted in Fluent as prescribed
velocity boundary conditions. The parameters used for the first regular wave (R7) simulated in the wave flume were
H;=0.66 m and T, = 6.30 s, and the parameters used for the second regular wave (RT,B) were Hs = 0.66 m and 7, =
9.65 s.

Figure 10 presents the surface values (77), in m, obtained at the wave flume entrance (monitor A), over the 15 min of
irregular waves simulation. The blue line represents the surface elevation obtained through the conversion of the
spectrum obtained from TOMAWAC, and the red line corresponds to the surface elevation simulated by Fluent by
imposing the boundary conditions (z and w).

1 T T T T T T T T
0.5
= i
=~ ‘ Lkl
-0.5 [—Bound. Cond.
—Fluent
_1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900

Time (s)
Figure 10. Surface elevation (77) (monitor A, see Fig. 9), over the simulation of 15 min of irregular waves - I,B.

Thus, it is possible to observe that the waves simulated by Fluent (red line in Fig. 10) have slightly lower peaks than
the waves presented by the converted TOMAWAC record (blue line in Fig. 10). Nevertheless, it can be said that, in
general, based on Fig. 10, the Fluent simulation is a good representation of the original sea state data. For that, the
RMSE of this comparison was calculated, using Eq. (10), obtaining a value of 0.12 m.

Similarly, a comparison of the surface elevation (77) between the two regular waves was performed, as shown in Fig.
11. The blue line is the surface elevation at the entrance of the wave flume, defined by the representative regular wave,
obtained through the spectrum of variance (Fig. 4), and the red line corresponds to the surface elevation simulated by
Fluent through the imposition of boundary conditions (z and w). Again, waves simulated by Fluent showed a slightly
lower peak than the waves obtained by the transformed TOMAWAC record. The RMSE calculated between these
comparisons was 0.08 m for R7,B and 0.04 m for R7Tpm, using Eq. (10).

RTPB
0.5 T T T L] T T T T
E |
= | [
705 1 1 1 1 1 1 1 1
RT
m
0.5 T T T T T T T T
= | —Bound. Cond. ||
Fluent
0.5 1 1 1 1 1 1 I
0 100 200 300 400 500 600 700 800 900
Time (s)

Figure 11. Surface elevation (7) at the wave flume entrance, over the simulation of 15 min of regular waves.

Then, an analysis was performed, comparing the surface elevation at the wave flume entrance (monitor A, see Fig.
9) and in the middle of the OWC device (monitor B, see Fig. 9). The results for both regular waves (R7,B8 and RTy,) are
presented in Fig. 12. The red line represents the surface elevation at the entrance of the wave flume, and the green line
represents the elevation in the middle of the OWC device, over the 15 min simulated by Fluent. Thus, it can be
observed, according to Fig. 12, that, as expected, the regular waves propagated continuously through the channel,
throughout the simulation. The values of 7 at the entrance of the channel and in the middle of the device ended up
overlapping. The RMSE calculated between these comparisons was 0.05 m for R7,B and 0.06 m for RTy, using Eq.
(10).
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Figure 12. Surface elevation at the entrance of the channel (red line) and in the center of the OWC device (green line),
over the simulation 15 min of regular waves.

Finally, an analogous analysis was performed with /B irregular waves, comparing the surface elevation (7)) at the
entrance of the channel (monitor A, see Fig. 9) and at the central point of the OWC device (monitor B, see Fig. 9).
However, as the irregular waves propagate at random, it became very difficult to record elevation over the 15 min
simulated in Fluent. Therefore, the simulated sea state variance spectrum (Fig. 13) is presented instead of the surface
elevation.

10°
——TOMAWAC
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1072 &
103 E
wy
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Figure 13. Variance spectrum obtained through TOMAWAC (/:B), at the entrance of the wave flume (monitor A), and in
the center of the OWC device (monitor B).

It can be seen that the spectrum at the input (monitor A, red line) is quite similar to the original spectrum of
TOMAWAC, with the exception of some noise level introduced, possibly due to the non-linearity of the fluid dynamics
simulation. This shows that the methodology, considering all the steps involved, including obtaining the spectrum,
converting it to surface elevation and velocity components, and imposing this data on Fluent, is able to reproduce the
original spectrum.

However, 109 m from the beginning of the wave flume, inside the device chamber (monitor B, green line), there is
an evident loss of energy in relation to the channel entrance, especially at higher wave frequencies (shorter waves,
which indicates that only waves of lesser frequency (f < 0.25 Hz, that is, T > 4 s) are propagated without significant
loss. This loss occurs, in part, due to the wave propagation by Fluent itself, and in part, due to the fact that short period
waves are reflected by the device wall and have no effect on the surface elevation inside the device, thus explaining the
loss and the apparent variance spectrum smoothing observed.

In addition, at the frequency of 0.38 Hz, there is a peak of spectral density in both cases. Because the time series is
measured inside the device, this peak may be due to an oscillation inside the device chamber. A more in-depth analysis
of the surface elevation behavior inside and outside the device chamber would be needed to better understand the
hydrodynamics inside the device.

3. RESULTS

The results regarding the available hydropneumatic power of irregular waves (/:.8) and regular waves (RTm, RT,B)
are presented here. Figure 14 represents the instantaneous hydropneumatic power available (Pryq), in W, in the turbine
duct of the OWC device during the simulated interval of 15 min. For irregular waves (/:B), a power of 5.12 W was
obtained. For the representative regular wave (R7,B), 4.07 W was obtained, while for the representative regular wave
RTy, 14.17 W was obtained.
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Figure 14. Hydropneumatic power (Phnyq) measured in the turbine duct (monitor D, see Fig 8) of the OWC device over
the 15 min of simulation.

The difference between the use of the mean period (7m) and the peak period (7}) is due to the fact that Ty, is, in this
case, 3.50 s less than T, causing the wave propagation velocity and, consequently, the free surface vertical velocity to
be greater for the regular wave with T,. The mass flow, in turn, can be expressed as a function of velocity (Eq. 12),
which makes the hydropneumatic power proportional to the flow velocity raised to the third power. Thus, the difference
between T, and 7}, appears as a significant increase in the available hydropneumatic power.

4. CONCLUSIONS

The waves simulated by Fluent through the spectrum transformation, in fact, represented the sea state properly, both
for regular and irregular waves. However, during the propagation of irregular waves, there were some losses, possibly
due to the numerical method used. Further investigation will be needed to find the source of this dissipation.

Comparing the irregular wave simulation with the two regular wave simulations, the available hydropneumatic
power obtained using irregular waves showed a value of around 0.78 times the power obtained from representative
regular waves generated from the peak period (7). However, for regular waves generated from the mean period of the
sea state (71) the available power presented a value 2.73 times greater than that obtained with irregular waves.

These results indicate that when using regular waves to represent a sea state to estimate the available
hydropneumatic power of an OWC device, the peak period provides, on average, a better estimate than the mean period.
However, this result was obtained for a single device geometry, with a single sea state. Further studies are needed to
ascertain whether this relationship is valid in more cases.

Therefore, it should be kept in mind that, when performing a simulation of the hydropneumatic power available in
an OWC converter device, using regular waves, the period of these waves will directly impact the available power.
And, for this estimate to be closer to reality, it is necessary to have information about the sea state of the location where
the device would be implanted.

The results obtained show the importance of performing numerical simulations of wave energy converters, more
specifically the OWC type, submitted to irregular waves that represent the existing sea state in the region where these
devices would be installed, since the analysis made with regular waves can lead to available power values that do not
correspond to reality.
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