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Abstract. The growing need for renewable energy has driven significant interest
in harnessing ocean wave power, particularly through Oscillating Wave Surge
Converters (OWSCs). This study focuses on examining the effect of flap width
on the hydrodynamic capacity of an OWSC, as flap geometry plays a crucial
role in energy capture efficiency. A numerical methodology utilizing the
Boundary Element Method (BEM) was employed to assess hydrodynamic
parameters across both temporal and frequency domains. Five flap width
variations were tested under regular wave conditions with different periods,
while mesh independence and validation against experimental data ensured
accuracy. The results in the time domain revealed a direct correlation between
flap width and angular deviation, velocity, torque, and power output, although

wider flaps exhibited less stability due to increased inertia. Frequency domain
analysis indicated that each flap width had a distinct resonant peak, with
narrower flaps performing best at shorter periods and wider flaps at longer ones.
Notably, moderately sized flaps (W2 and W3) achieved the highest efficiency,
with Capture Width Ratios exceeding 70%, outperforming wider flaps despite
their larger surface area. These findings highlight the importance of optimized
flap width for efficient and reliable OWSC design.
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1. INTRODUCTION
The global energy sector faces critical challenges due to its reliance on finite and environmentally damaging non-
renewable sources, which contribute to climate change and geopolitical instability. This pushes for a diversification
into renewable energy technologies [1], [2]. Ocean wave energy, presenting a substantial and largely unexplored
source for clean power generation, is estimated to have a global potential of 2 TW [3], [4], [5]. The core challenge
lies in developing efficient and cost-effective devices, known as Wave Energy Converters (WECs), to harness this
mechanical energy. One effective WEC design is the Oscillating Wave Surge Converter (OWSC), which typically
employs a hinged flap responding to the horizontal surge motion of waves to drive a Power Take-Off (PTO
system, converting the mechanical energy into electricity [6]. OWSCs are generally preferred for deployme
nearshore environments due to their accessibility, design simplicity, and high efficiency in capturing ener
These features have made OWSC devices the focus of many studies, many of which focus on enha
performance of the device.

Various studies have shown that multiple design parameters, including the size, shape, and s
of the flap, influence the performance of an OWSC. One study by Lin et. al analyzes the effect of p
parameters such as width, thickness, cross-section, and number of segments on the performance of
study concluded that cross cross-section and width of the plate have a distinct influence on its
Nevertheless, this study does not provide a detailed analysis of the hydrodynamic characteristi
Another study by Cui et. al investigates the effect of cross-sectional shapes of the flap on the per
device, which resulted in the rectangular shape as the best configuration for capturing energy [7].
study is limited to 2D cases, so it does not consider the width or volume of the flap. Furthermo
Anggara et. al further highlights that the dimensional parameters, namely the ratio of width to thic
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flap govern the performance of the device [9]. Nonetheless, as this study investigates the ratio of two dimensions
where one dimension is constrained by the other, it does not give an analysis of the individual dimensions of the
flap. Although a study by Wang et al. [10] examined the effect of flap width on an OWSC’s performance, it
concentrated solely on the frequency domain hydrodynamic parameters.

From the previous studies, it can be inferred that flap dimensions influence the energy capture of the wave.
However, these studies lack detailed, hydrodynamic investigations on the effect of specific and individual
dimensions of the flap. Therefore, the main objective of this study is to investigate the effect of flap width on the
flap hydrodynamic parameters of an OWSC. Furthermore, this study offers a novelty by providing an analysis of
both the frequency domain and time domain, allowing for a detailed understanding of these parameters. This is
crucial for optimizing the design to produce stable and consistent power output, which is essential for integration
into the electrical grid. Additionally, time-domain hydrodynamic parameters will provide valuable insights into
how to fine-tune OWSC designs to maximize power generation, thereby contributing to the development of a more
reliable and efficient wave energy sector.

2. METHODS

2.1 Design of the Variations

This research investigates the hydrodynamic parameters of various widths on an OWSC. The selection of these
flap dimensions was based on the dimensions of the experimental prototype by Wei et al (shown by W3 variation),
which then the width variations are selected with a difference of 0.2 m. This technology is a type of WEC that
harvests the surging kinetic energy of waves using a hinged flap. As a response to the surging wave, the flap will
oscillate and then transfer the energy to a hydraulic power system [6]. This study's geometry is based on the model
employed in an experimental investigation by Wei et al. [11]. This is carried out because the model is sufficiently
compatible to be computed using the numerical approach used in this study, in addition to serving as a validation
reference to preserve data actualization. As seen in Figure 1, five width variations are examined while maintaining
constant thickness, height, and water depth. The dimension of each variation is shown in Table 1.

Table 1. Flap Dimensions of Each Variation.

Variations Height (m) Width (m) Thickness (m) Mass (kg) Wate(rm ]?epth
Wi 0.4 2.662
w2 0.6 4.299
W3 0.31 0.8 0.0875 5.323 0.305
w4 1 6.654
W5 1.2 7.985

2.2 Governing Equations
The Boundary Element Method (BEM) is employed in this study, which involves several equations. The
foundation of BEM for wave-body interaction problems is potential flow theory, which makes the assumptions
that the fluid is irrotational, inviscid, and incompressible [12]. This method uses Laplace and Bernoulli equations
to calculate the forces and torques exerted on the OWSC flap. The linear potential flow theory is crucial for
calculating wave forces, with Eq 1 representing the flow field's velocity potential [8]. Eq 2 describes the
hydrodynamic characteristics of the flap as a single body in the frequency domain, which includes the added mass
matrix, damping matrix, mass matrix, as well as the wave exciting force. The flap’s response to a specific wave
force with a constant amplitude is calculated with Eq 3 in the time domain [8].

-iot
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Figure 1. Geometry of width variations used in this study: (a) geometry of width 1 (W1), (b) geometry of
width (W2), (c) geometry of width 3 (W3), (d) geometry of width 4 (W4), (¢) geometry of width 5 (W5).

2.3 Mesh and Boundary Condition

The meshing process involves dividing geometry into smaller elements, allowing the equations within them to be
solved. The preservation of mesh quality is paramount, as it significantly affects the accuracy, convergence, and
stability of simulation outcomes. This study employs a quadrilateral mesh, segmenting the flap shape into smaller
quadrilateral elements based on the surface domain. Figure 2 presents the mesh configuration.

Figure 2. Mesh configuration of the study.

Boundary conditions are also set up to simulate the actual interaction between the flap structure and ocean w,
This study employs a model of waves, which falls under the category of regular waves characterized by a ¢
amplitude. The ocean wave is modelled using the Airy Wave Theory [12] represented in Eq 4. An anal
device’s hydrodynamic properties under different wave periods is done with the period variation listed

nx,t) = %cos(a)t - k(xcos))
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Table 2. Ocean wave period variations.
Wave Configuration

Amplitude (m) Period (s) Wavelength (m)
1.1 1.581
1.3 1.975
1.5 2.357
1.7 2.730
1.9 3.098
0.1 2.1 3.462
23 3.823
25 4.181
2.7 4.538
2.9 4.893

Response data from the interaction between the ocean wave and the OWSC device are analyzed to assess its
hydrodynamic properties. Conversely, the device's hydrodynamic performance is achieved by examining several
power statistics, including the mechanical power of the device and the power of the wave energy source, which
are determined by Eqs (5) and (7), respectively [13]. Eq (6) describes the wave's group velocity, which is used to
calculate the power of the wave energy source. Moreover, Eq (8), which also characterizes the device's efficiency,
uses the capture width ratio (CWR) equation to determine the device's capacity to capture power.

1
P =—pgA’C ()
w 2 g
1 kD
C,=—C{l+——— (6)
2 sinhkD X% coshkD
Poyse =l T x o(t) | (7)
CWR = _ Powse (8)

P, x Width

2.4 Mesh Independence Test
This study conducted a grid independence evaluation to examine numerical errors and ensure the model's accuracy.
This study adopts the approach introduced by Roache [14]. Three mesh configurations were tested: coarse (13,352
elements), medium (20,642 elements), and fine (30,462 elements), with the number of elements constrained by a
specific grid refinement ratio constrained by Eq (9). For each mesh, the maximum absolute amplitude is sampled
at a wave amplitude of 0.1 meters and a period of 1.9 seconds. The order of accuracy is determined using Eq (10).
The Grid Convergence Index (GCI) evaluates mesh accuracy using two forms: GCl e, which measures the error
between medium and fine meshes, and GCloarse, Which assesses the error between medium and coarse meshes.
GClfine and GCleoarse are formulated in Eq (11) and (12), respectively. To ensure error accuracy, calculations are
performed within the convergence region, validated by Eq (14). The final error value for each mesh was then
derived from Eq (15). Table 3 presents the results of the mesh independence test. In this table, the maximum
response data was taken as sample data from each mesh variation. It can be seen that the variations achieved a
convergence index of 1, which is within the convergence region, thus ensuring the accuracy of the error. Th
result demonstrates that the fine mesh configuration produces the lowest error. Accordingly, this configuratio
selected for the study.
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Table 3. Result of Mesh Independence Test.
Mesh Category Fine Medium Coarse
Maximum Response (m) 57.63967514 57.64332581 57.64648465
p 0.356885866
r 1.5
GClfine 0.044%
GCleourse 0.0508%
GCI_ 1.000
GCI_
fin=0 57.66677285
Error 0.03518% 0.04066% 0.04699%

3. RESULTS AND DISCUSSION

3.1 Data Validation

To ensure data actualization, data validation analysis was conducted before discussing the main data of the study.
This analysis is executed by comparing the flap motion response data obtained through numerical methods with
experimental data provided by Wei et. al [11]. This data is taken at a wave parameter of A=0.1m and T=1.9s.
Figure 3 shows the comparison between numerical and experimental data. As depicted in the graph, the simulati
data closely align with the experimental data points. The two datasets exhibit a high degree of similarity in
of both frequency and phase angle. While minor variations in the amplitude are present (namely, 6% diff
the overall pattern and trend of the motion response are consistent, confirming the reliability of the

approach.
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Figure 3. Comparison of experimental and simulation results for motion response at an
ocean wave period of 1.9 seconds and an amplitude of 0.1 meters.

3.2 Data Analysis

The first set of data discussed is the hydrodynamic data in the time domain, subjecting the flaps to a wave with a
period of 1.3 s and an amplitude of 0.1 m. Figure 4 depicts the motion response of each flap width variation over
40 seconds, showing that the motion for all five configurations is highly periodic and synchronous. A distinct and
steady correlation exists between the width of the flap and the degree of angular deviation. As the flap width
expands from W1 to W5, the degree of oscillation likewise rises. The widest flap, W5, achieves the largest angular
deviation, while the narrowest, W1, has the smallest. This positive correlation occurs because a wider flap presents
a larger surface area to the incoming waves, enabling it to absorb more energy. This results in a greater excitation
force absorbed and, subsequently, a larger angular displacement.

0(°)

s
388

35 % 3 3 % 4 382 %4 W6
t(s) t(s)

Figure 4. Motion response data of all variations when subjected to an ocean wave with a
period of 1.3 seconds and an amplitude of 0.1 meters.

The hydrodynamic analysis reveals a clear proportionality between flap width and energy output parameters,
despite the influence of inertial damping. Angular velocity, as shown in Figure 5 (a), is proportional to flap width
because wider flaps capture a greater excitation force from the wave, resulting in higher absolute maximum angular
velocity. The collateral increase in mass with width increases the inertial force, which acts as a damping force
resisting motion, leading to less stable peak-to-trough transitions and greater hydrodynamic nonlinearity in wider
flaps [15]. The torque, presented in Figure 5 (b), mirrors this proportionality, showing increased absolute
maximum torque with wider flaps and similar trends in stability. An expected phase difference between torque
and angular velocity exists, as torque functions as a restoring force opposing acceleration. Consequently, the
device's power output, shown in Figure 5 (c) as the absolute product of torque and angular velocity, follows the
same pattern: the wider the flap, the higher the power output. This consistently demonstrates that the influence of
the absorbed excitation force significantly outweighs the inertial damping effect.

(2)

w (rad/s)

3 TR T
t(s) t(s)
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Figure 5. Other hydrodynamic parameters at ocean wave configuration of T=1.3 s and A=0.1 m,
(a) angular velocity, (b) torque, and (c) power output.

The analysis of hydrodynamic parameters in the frequency domain reveals a strong dependence on both flap width
and wave period across all variations. Figure 6 (a) illustrates that wider flaps (W2-W5) consistently achieve larger
maximum angular deviations (motion response) for any given wave period, demonstrating their enhanced capacity
for wave energy capture. The peaks across all variations in the maximum response data can be inferred as resonant
peaks, which occur when the natural period of the structure aligns with the period of the wave, thus maximizing
the motion of the structure [16]. The narrowest flap (W1) peaked sharply at approximately 1.1 seconds, while the
wider flaps (W2-W5) are tuned to perform optimally in the longer period range of 1.3 to 1.5 seconds. This
resonance phenomenon and the proportional relationship between flap width and performance are consistently
reflected in the average angular velocity, average torque, and average power data shown in Figures 6 (b), (¢), and
(d). For instance, the maximum values for these parameters occur around 1.3 seconds for the wider flaps and 1.1
seconds for the narrowest flap, confirming that the substantial energy absorbed by wider flaps translates into a
greater driving force, resulting in higher angular velocity, torque, and power despite traveling a greater angular
distance.

]
Tis)

Figure 6. Hydrodynamic parameters at various ocean wave periods, (a) maximum respon
(b) average angular velocity, (c) average torque, and (d) average power.

Journal of Engineering Design and Technology 207




LOGIC
Jurnal Rancang Bangun dan Teknologi Vol. 25 No. 3 November 2025

In the context of efficiencys, it is formulated by the CWR data shown in Table 4. The data reveal a clear relationship
between wave period and CWR, with an optimal performance zone for each flap width. As the wave period
increases, the CWR for all configurations generally decreases after reaching a peak. The narrowest flap, W1,
achieves its highest efficiency at the shortest wave period of around 1.1 s, with a CWR of 45.74%. However, the
medium-width flaps (W2 and W3) demonstrate superior performance; they reached their peak efficiencies at a
slightly longer period of around 1.3 s, with CWR values of 70.77% and 70.29%, respectively. The CWR for the
widest flaps, W4 and W5, peaks at around 1.3 s, but at lower values of 62.08% and 53.50%, respectively. Beyond
this optimal period, the efficiency for all flaps drops significantly. For instance, at 2.9 s, the CWR for all
configurations falls below 11%. The data suggest that while wider flaps (W4 and W5) are effective at capturing a
large wave front, their increased mass and hydrodynamic resistance might reduce their overall CWR compared to
moderately-sized flaps (W2 and W3), especially in the optimal wave period range. This indicates that there is an
optimal flap width that balances wave capture efficiency and hydrodynamic resistance to maximize the CWR. It
can be noted that the current study achieved a higher maximum efficiency of 70.77% compared to other studies,
which reach a maximum efficiency of around 50% [9], [10]

Table 4. Efficiency of the Flap Variations at Different Wave Periods.

Period (s) Capture Width Ratio
Wi W2 W3 W4 W5
1.1 45.74% 57.45% 51.13% 43.38% 37.85%
1.3 40.96% 70.77% 70.29% 62.08% 53.50%
1.5 34.57% 64.29% 65.75% 60.16% 53.05%
1.7 26.79% 46.55% 47.47% 44.51% 40.33%
1.9 20.81% 33.04% 33.69% 31.76% 29.33%
2.1 16.45% 23.90% 24.35% 23.18% 18.35%
2.3 13.31% 17.90% 18.15% 17.38% 13.70%
2.5 10.84% 13.52% 13.66% 13.11% 10.33%
2.7 9.03% 10.69% 10.79% 10.35% 8.07%
2.9 7.58% 8.54% 8.63% 8.30% 6.39%

4. CONCLUSION
Using the Boundary Element Method (BEM), this study confirmed that flap width is a critical design parameter
for the Oscillating Wave Surge Converter (OWSC), directly impacting energy capture and power output. In the
time domain, increasing flap width led to proportional increases in motion response, angular velocity, torque, and
power due to greater wave energy absorption and a stronger excitation force. However, increased inertia introduced
a damping effect, causing less stable peak-to-trough transitions. In the frequency domain, each flap width exhibited
a specific resonant peak (W1 at around 1.1 s; W2-W5 at around 1.3-1.5 s), but optimal efficiency was found in the
moderately sized flaps (W2 and W3). The configurations achieved the highest Capture Width Ratio (CWR) values
of 70.766% and 70.289%, respectively. When designing OWSC flaps, there should be a balance between wave
capture against the dampening effects of inertia and hydrodynamic resistance, as moderately sized flaps (W2 and
W3) achieved the highest efficiencies, outperforming wider flaps. Additionally, the frequency domain analysis
guides designers to tune the flap's performance to the local wave climate: narrower flaps (W1) resonate best at
shorter wave periods (around 1.1 s), while wider flaps (W2-W5) perform optimally at longer periods (around 1.3-
1.5 s). This suggests that simply widening the flap does not guarantee maximum efficiency due to the adverse
effects of added mass and hydrodynamic resistance, underscoring the need for future research with a finer
resolution of wave periods to pinpoint the optimal design for specific wave climates.
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