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Abstract: The investigation with a numerical study examines how water conditions, including
wave height and period, tidal variations, and the depth of the L-OWC device, impact wave energy
generation. Utilizing the Reynolds-Averaged Navier-Stokes equations and the RNG turbulence
model, the second-order Stokes wave motion is simulated. The Volume of Fluid (VOF) method with
two fluids captures the free surface elevation. The purpose of this study is to investigate how
various wave condition parameters, tidal effects, and water depth conditions of an L-OWC
device can effect water oscillations within the chamber, airflow velocity in the turbine duct, and
the differential pressure in the L-OWC device chamber. Findings highlight the significant
influence of wave characteristics, tides, and deployment depth on L-OWC performance. The
heightened water surface oscillation in the L-OWC chamber has led to higher air flow velocity
and differential pressure, resulting in increased power. Optimal performance was observed with
longer wave periods, notably under High Water Levell (HWL) and the water depth at the device
installation is 0.85 cm (D085) conditions, yielding 337 watts of power output, in tests at a
laboratory scale of 1:10.

Keywords: Oscillating Water Column; L-OWC; waters characteristics; installation conditions;
tidal variations; OWC; performance.

1. Introduction partially immersed in the sea and open at the bottom®.

The utilization of ocean waves as a renewable energy
source holds significant promise, offering a substantial
contribution to electricity generation, particularly for
coastal regions)?. Wave energy, if harnessed
comprehensively, has the potential to supply roughly
twice the current global annual energy consumption®.
Notably, its consistent energy provision sets it apart from
other renewable sources, providing a more reliably
predictable energy delivery schedule”. Worldwide
research has been done on the Oscillating Water Column
(OWC), a wave energy converters (WEC) device. This
device features a steel or concrete container that is

The Oscillating Water Column (OWC) is made up of an
air turbine and an open area that extends below the surface
to the sea. Optimizing the performance of the OWC
device is mostly dependent on the design of the turbine
and the chamber®. An OWC plant's overall efficiency is
influenced by both the air turbine-based secondary
conversion phase and the air chamber-based primary
conversion phase”. A lot of recent research has been done
on OWC converter geometry. One specific design
involves an OWC variant with an additional front wall,
connecting the chamber to the sea through a vertical
channel®. This change raises the water column's intrinsic
oscillation frequency, which leads to the equipment being
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categorized as the U-shaped Oscillating Water Column
(OWC).2. To increase the resonance frequency of the
system, another design called the L-shaped OWC has a
channel orientated in the direction of wave propagation'?.
In the case of an L-shaped OWC with a relatively short
entrance channel compared to the chamber's length, there
is an observed increase in the average power output in
long waves'V.

The initial theoretical investigation of the air chamber
and turbine combination is predicated on the idea that the
turbine's pressure differential and relative flow rate have a
straightforward relationship that can be either linear or
square'>!'3. In recent years, the predominant emphasis in
Oscillating Water Column (OWC) study has been on wells
turbine, impulses, including radial'¥, axial'® and more
recently, biradial designs'®. In terms of the chamber, its
geometry must be tailored to the characteristics of the
waves entering it in order to maintain the water column
oscillation in resonant or near-resonant states for
prolonged periods of time!”!®,

Research has been conducted on an L-shaped chamber
OWC with relatively long wave period characteristics,
specifically ranging from 3.18s to 6.7s. The optimal power
occurs when the wave height is 0.25m, happening at a
period of 3.18s, and decreases as the period lengthens,
reaching 206 Watts®. Full-scale implementation was
conducted by Wave Swell Energy at the King Island
Project with an L-shaped OWC equipped with pontoons
featuring an output specification of 200 kW. Scaling the
device down to 1:8, it matches wave characteristics for
wave periods ranging from 3.18s to 6.72s and wave
heights ranging from 0.0625m to 0.25m, with a power
output of 138 Watts!?.

The objectives of this research is to investigate how
different wave condition parameters, tidal effects, and
water depth conditions on the L-OWC device can impact
the pressure differential between the L-OWC chamber and
turbine duct, the air flow velocity in the turbine duct, and
the water oscillation inside the chamber, all of which can
have an impact on the wave energy converter device's
power output. The increased oscillation of the water
surface in the L-OWC chamber leads to higher air flow
velocity and differential pressure, resulting in increased
power output. The optimal performance in this experiment
was achieved with relatively long wave periods,
particularly under High Water Level (HWL) conditions
and when the water depth for device installation was at its
deepest. This produced the most optimal power output
among other test scenarios, in a 1:10 scale laboratory test.-
This study is motivated by a pre-feasibility study for a
wave power plant in Maluku, Indonesia, characterized by
short wave periods and relatively high tidal levels. The
reference design for this study is the L-OWC, which has
been successfully commissioned in Australia by Wave
Swell Energy?”. This research highlights the importance
of selecting a chamber design that matches the wave
characteristics when installing a wave power plant.

2. Numerical Methods

2.1 Governing equations

The research methodology employed involves
numerical simulations using governing equations and
parameters that have been validated through experimental
data.The computational tool employed for the numerical
simulations in this study is Flow-3D™ version 11, a
Computational Fluid Dynamics (CFD) software. The
Navier-Stokes and continuity equations are among the
governing equations that describe the behavior of an
incompressible Newtonian fluid. These equations are

represented as follows in vector notation?"2?:
p (% + v. Vv) = VP + pV?v + pg 2.1)
V=0 22)

where p represents the fluid density, P denotes pressure,
v stands for velocity, p is the dynamic viscosity, V2
signifies the vector Laplacian, g represents the
acceleration due to gravity, t denotes time, and g denotes
the acceleration due to gravity.

Like the classical k-¢ turbulent model, The main
purpose of the RNG turbulence model is to calculate
average turbulence-related parameters, like turbulent
energy and dissipation rate?”. But the constants used in
the k- model are derived from experimental evidence,
whereas the RNG model's constants are found through
theoretical derivations. In regions with low-intensity
turbulence and shear fluid, FLOW-3D™ prefers the RNG
model over the k-¢ model because it can yield more
accurate results®®. To precisely represent and manage
turbulent effects, the k-¢ renormalization group (RNG)
turbulence model is also utilized?¥. The k -€¢ RNG model's
governing equations are written as follows?Y:

Ao | dkuy _ 9 [( +ﬁ)a—"] +Pe—pe  (23)

at dx; a_x, Ok ax,-
d(pe)  d(pew) 0 ( ut) ok €
ot T Tax oo | o) x|t e R
62
~ G @24)

Density and viscosity in the interface grids, for example,
can be calculated using the volume fraction of the two
phases and utilized in the momentum equation®®. The
density and viscosity equations corresponding to the free
surface grids are provided by:

p= fopot+ fip1 (2.5)
v=fovo+ fivy (2.6)

The fluid density is denoted by p, the kinematic viscosity
by v, and the volume fraction by f in this instance. In
addition, air is represented by the subscript 1 and water by
the subscript 0.

In this numerical simulation of the OWC, two fluids,
water, and air are incorporated. To analyze the OWC, the
Volume of Fluid method (VOF) is used, which involves
two different fluids??®. The free surface elevation is
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tracked and the air-water contact is predicted using the
VOF approach?. he following is the expression of the
equation controlling the volume fraction:

U 49, (fin.U) =0 2.7)

Where f,, is the volume fraction constrained by 0 <
fm<1; fm=1 indicates that the grid is fully occupied by
mth fluid, f;,= 0 indicates that no m™ fluid exists in the
grid, and 0 < f,,, <I implies the existence of an interface
between water and air fluids. where U represents the
velocity field 2.

FLOW-3D™ integrates a sophisticated advection
algorithm that makes use of an upwind-difference
approach of second order that maintains monotonicity®?.
Utilizing this monotonicity-preserving method, one may
estimate the advection of many properties in FLOW-3D™,
such as momentum, density, energy, and fluid percentage.
By using second-order polynomial estimates for the
advected quantity in each coordinate direction, the higher-
order discretization method is accomplished®”. The
computed value of the flux through a cell-face, designated
as Q*, for a variable Q being advanced in the x-direction
is ascertained as follows:

Q" =0;+ %A(l —C)éx; (2.8)

Where dx; is the cell size, C is the Courant number, Q;
. S8t . S
is the cell-centered value, us_x' A is an approximation of
i

the first derivative of Q at position xoé (1-2C) éx;
inside the cell, and it is second-order.

2.2 Computational fluid domain

Using Cartesian coordinates, the simulation domain is
divided into cubic or quadrilateral mesh elements using
the technique known as Cartesian meshing. In this method,
a square-based grid is created inside the simulation
domain’?. Mesh impact on geometry is assessed using the
Fractional Area Volume Obstacle Representation
(FAVOR) technique’?.

Figure 1 illustrates the four essential conditions
constituting the boundary conditions for this research. The
2D wave flume length of the CFD complies with
HYDRALAB guidelines®®. The simulation's wall widths
are adjusted to correspond with the test model's width.
The upstream inlet conditions are varied based on the
wave height and period, represented by the symbol (W7V)
(see Table 1). To create a periodic, linear surface wave at
a mesh boundary. George Biddell Airy26's linear wave
theory serves as the foundation for the model. It is
assumed that this linear wave enters the computational
domain from a reservoir with a flat bottom. A linear wave
is characterized by wave number (k=27/4), wave
frequency (w), the wavelength (1), and wave amplitude
(A). The coordinate in the vertical direction of the wave's
free surface height, represented as z = #(x,#), describes the
wave.

n =A cos (kx - wt + @) 2.9)

The amplitude of the wave (4) is smaller than the depth
of water (%), where ¢ represents the phase shift angle. The
wave speed ¢ = w/k is expressed as:

, 94 2rth

tanh — (2.10)

¢ 21 A

A 2-meter-wide outflow boundary designated for wave
absorption or wave softening is called the downstream.
The symbol (W) designates a wall as the bottom boundary
condition. The no-slip and no-penetration wall boundary
conditions, as employed by Trivedi et al. (2023)*%, are
applied. The sides of the channel are defined as symmetry
(S). Therefore, it is expected that the intended physical
geometry, flow pattern, and thermal solution will exhibit
symmetrical characteristics. The upper boundary
condition designates a free surface with 0.5 fluid fraction
and a stagnation pressure (P) of 101325 Pascal in order to
take air-water interactions into account.

Three different types of probes are used to collect the
data for this simulation: airflow meters, pressure gauges,
and free surface/wave probes (see Fig. 2). In order to
measure and track free surface or wave height, wave
probes are placed strategically in the center of the OWC
chamber, in front of the model test, and at the input of the
wave generator. In order to study pressure distribution and
system changes, pressure probe that are located on the
OWC chamber and the turbine duct provide vital
information on differential pressure. An airflow gauge is
located at the turbine orifice center, aimed at measuring
and assessing airflow behavior, along with incoming and
outgoing airflow velocity in the OWC system.

Outflow ]

Specified pressure

E ‘Wave Input

¥ - . /

Symmetry \ w-v

Fig 1. Boundary Conditions.

Table 1 Conditions for numerical testing

Parameter Variables

H(m) and T (s)

Wave Generation

= *k. .
(Test scenario) H (m) =0.125*%*; 0.1875; 0.25

T (s) = 1.77; 2.12; 2.47%*

Water conditions Tides = HWL; MSL*; LWL

Installation conditions Water depth = D085; DO75%; D065

* MSL is equivalent to D075 (see Fig. 3)
* Certain scenarios are made into fixed variables
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Wave height and wave period variants totaling three
wave height variations and three wave period variations
are included in the numerical testing. Additionally,
variations are added based on water conditions influenced
by tides, namely High Water Level (HWL = 0.85 m), Mean
Sea Level (MSL = 0.75 m), and Low Water Level (LWL =
0.65 m). The depth of the L-OWC device during
installation is also varied with depth variations (D),
namely D = 0.85 m (D085), D =0.75 m (D075), and D =

a—

0.65 m (D065), as outlined in Table 1 and see Fig. 2. The
simulated wave variations represent characteristics of
waves with relatively short wave periods. Regular waves
are employed in this simulation to facilitate the
observation of the wave behavior entering the OWC
chamber. The design involves an L-OWC with a turbine
diameter scenario of 0.2 meters. The testing scale has been
set to 1:8, which corresponds to the scale used in the

experimental validation.
Aifflow Turbine
Gauge

Pressure Turbine - Chamber
Gauge

Test Model

Fig. 2: Numerical set-ups.

MSL is equivalent to D075

Vi —
6 ~ /
8 E:
o 0 0
§' a §' p o | o
ES [ = p o w (=3
2 Va [a] 5 a
= S a

Fig. 3: Variations in water conditions: tides (HWL; MSL; LWL) and installation of L-OWC devices (D085; D075; D065)

2.3 Test model

The L-OWC chamber that has been successfully
commissioned by WSE Australia serves as the
experimental model design for the research that was

conducted (see Fig 4 A)*>. The OWC design in Fig. 4 (A)
and (B) is also equipped with a pontoon as a carrier as well
as directing and capturing wave energy entering the
chamber.

1452
500 300
4 N
8
oN| =
98
N /
)
g & /
3

Fig. 4: The OWC L-shaped chamber test model.
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2.4 Dimensional analysis

Power of wave energy is the amount of energy
produced per meter of approaching ocean waves. that are
directed toward the wave energy converter (WEC)
equipment. Thus, in a broad context, The power of waves

flowing in from the ocean wave is stated as follows’®:
2
pg kW
P = @HYZM)TQ =~ (OSm) HanOTe (211)

A few essential factors typically characterize the wave
spectrum, and the majority of these are determined using
spectral moments, which are defined as follows.:

1+4md/A

_ Pwater g-h?A
Pwave front = 16T * sinn (@md/A) (2.12)

Both the air differential pressure rate and the entering
airflow velocity into the turbine have an impact on the
power input within the duct of an OWC-type wave energy

turbine. The power (Pi,) is expressed as follows®”:
2

v

Py = <dP + p7>A.vair (2.13)
1

Pin airfiow == p-Avey®  (214)

Pin dp = dP'A'UaiT (215)

The OWC Wave Power Plant's energy source is the
turbine, as indicated by equations 2.14 and 2.15. By
utilizing the energy of dP and v, the turbine generates
electricity.

3. Result and Discussion

3.1 Validation

The wvalidation was conducted by comparing the
experiments results with numerical simulation. A mesh
independence study was performed to ensure that the
selected total mesh size had reached optimal results, as
shown in Fig. 5.

30

N
(6]

\
[ ]
\
-
o U1 O
Velocity (m/s)

o--o Q000
Nl

N

[ ]
\
-

5

0

0.085 0.075 0.065 0.055 0.045 0.035 0.025
mesh size (m)

Fig. 5: Mesh Independence Study

The grid resolution method uses past understanding
of the problem's physics to calculate the mesh size. The
mesh size is incrementally increased until no
significant improvement in performance is observed
with further mesh refinement®®. In this study, a mesh
independence study was conducted, as depicted in Fig.
5, with the graph indicating the appropriate mesh size

for this simulation, which is smaller than 0.045 m. For
this simulation work, a mesh size of 0.04 m was
employed, meeting the criteria established in the mesh
independence study. Grid-independent numerical
solutions are a key requirement in the verification and
validation process, typically achieved through
extrapolation methods™.

Utilizing pressure data inside the L-shaped chamber
and wave measurement data in the chamber area is
necessary for the validation of numerical and
experimental data. The validation findings, having a
0.07 Root Mean Square Error (RMSE), show the
agreement between wave heights in the chamber region
in Fig. 6 (A). There are differences between the data
from the experiment and the numerical simulation
because in the experiment, a mechanical ramp-up of
10s is required before the input waves form according
to the testing scenario (see the green rectangular in Fig.
6 (A)). In the CFD, the input waves match the testing
scenario.

© o
[ w

Z chamber (m)
o
o

300
250 | (B)

200

R?=0.9993

150
100

dP Numerical (Pa)

(%2
o

0 100 200 300
dP Experimental (Pa)
Fig. 6: (A) The results of comparing the experimental
and numerical air differential pressure, (B) The
comparison of time-series wave height isolation in an
experimental and a numerical.

Furthermore, to attain comprehensive validation
results beyond wave height isolation within the
chamber, a comparison was conducted between
numerical pressure difference outcomes and
experimental  findings.  The  coefficient of
determination, also known as R-squared (R2), in Fig. 6
(B) shows how the numerical and experimental results
for differential pressure compare. For the comparison
of pressure differences, the R2 value is 0.9993. This
result demonstrates how consistent and dependable the
numerical simulation is when compared to
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experimental findings.

3.2 Contour, vector, streamline visualization in L-
owc

The vector of air flow velocity and contour of water
flow velocity entering the L-OWC column are shown
in Fig. 7. Figures 7 (A) and (B) depict the process of

Velocity Selected[Y] (mis)

5100 50 00 50 100

-~ ?:

the entry of a mass or volume of water with a specific
velocity into the L-OWC chamber. The entry of the
mass or volume of water into the chamber results in
pneumatic pressure, generating an increased air flow
velocity out of the chamber towards the turbine duct.
Conversely, the reverse process is illustrated in Fig. 7
(C) and (D), resulting in bidirectional airflow.

(B)

Velocity Selected[Y] (m/s)

77100 50 00 50 10.0

Fig 7: The vector of air flow velocity and contour of water velocity at H = 0.25 m; T = 2.47s (A-D), The streamline with color-

coded pressure lines and contour lines of water elevation at H=0.125 m; T = 1.77s (E-G), in the MSL scenario.

In image 7 A-D, the test scenario H25 T247
demonstrates optimal water flow speed entering the L-
OWC chamber, resulting in water oscillation inside the
chamber. Meanwhile, in image 7 E-D, under the scenario
H125 T177, it is indicated that the contour of elevation
and water flow does not optimally enter the chamber and
is even reflected out of the chamber. This is depicted by
the rotating streamline pattern in front of the L-OWC door
and suboptimal elevation contour showing oscillations. In
L-OWC chamber shown in image 7 (E), there is a vortex
occurring in the L-OWC chamber, and the in-and-out flow
velocity in the chamber does not exhibit high values.

3.3 Influence Zchamber and Vair

On Figure 8, it illustrates a correlation between wave
oscillation inside the L-OWC chamber (Zchamber) and the
airflow velocity in the turbine duct (V.ir), which increases
with the increasing input wave period (T) at the same
input wave height (H = 0.125 m). Variations in tidal levels
(HWL, MSL, and LWL) and the water depth of the L-OWC
device affect Zchamber in the chamber and Vi, in the turbine
duct. In the test scenario with various T on Fig. 8, it shows
that the highest water oscillation and airflow velocity
occur in the HWL scenario with a variation in period T =
2.47 s, with Zchamber 0f 0.65 m and Vi of 12.8 m/s. The
lowest water oscillation and airflow velocity are in the
HWL scenario with T = 1.77 s, with Zcpamber 0f 0.158 m
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and V. of 4.75 m/s. The depth of water in the L-OWC
device installation does not significantly affect it
compared to the influence of tidal levels.

The correlation between variations in wave height (H)
at the same period, namely T = 2.47 s, in the airflow
velocity in the turbine duct (V,ir) and the oscillation within
the chamber (Zchamber) is depicted in Fig. 9. Increased
variations in H correspond to the increased Zchamber and
Vair within the L-OWC chamber. In Figure 9, variations in
tidal conditions (HWL, MSL, and LWL) and water depth in
the L-OWC device affect Zchamver and Vair. In each wave
generation test scenario, the LWL condition represents the
condition with the lowest Zchamber, and Vair has the lowest
values. The highest water oscillation (Zchamber) is found in
all HWL scenarios, with the highest Z-pamber value being
0.87 m, and the highest Vi is found in the Depth condition
of 0.80m (D085), which is 21.2 m/s.

1 30
—— T1.775(2)
28

0.9 e T 2.12 5 (2) 6

——T2.475(2)

0.8 24

=@ =-T177s(v)

0.7 ——tr =T 212 5{v) 22
=06 = ==T2475(v) 20
E" 18 %

205 16—
2 ©
S04 14
12
0.3 10
0.2 8
6
0.1 4
0 2

D065 D085 DO75=MSL LWL HWL
Scenario - H0.125 m

Fig. 8: The influence of various T with H=0.125 m on
water oscillation (Zchamber) and airflow velocity (Vair)

1 30
08 25
. 20
E 0.6 =
‘Z ~
2 15 E
504 0—“"'""‘~~- >
N —— H0.125m (2) 10
—8— H 0.1875 m (2)
0.2 ——t— H 0.25 m (2)
==®=-H0.125m (v) 5
-=B=--H0.1875m (v)
—=&=-H0.25m (V)
0 0

D065 D085 DO75=MSL LWL HWL
Scenario - T 2.47s

Fig. 9: The influence of various H with T = 2.47 s on water
oscillation (Zchamber) and airflow velocity (Vair)

3.4 Influence Zchamver and Differential Pressure (dP)

In Figure 10, it is illustrated that the influence of

variations in the wave input period (T) at the same wave
height (H = 0.125 m) has an effect on Zchamber and dP. As
the Input Period (H) increases, Zchamber and dP in the L-
OWC chamber also increase. The highest values for
Zchamber and dP are found in the T = 2.47 s test scenario,
with Zchamber = 0.65 m in the HWL scenario and dP = 99.6
pascal in the D085 scenario. The lowest values for Zchamber
and dP are found at T = 1.77 s with values of 0.16 m and
8.6 pascal, respectively. Variations in tidal conditions
(HWL, MSL, and LWL) and water depth in the L-OWC
device affect Z-chamber in the chamber and diiferential
pressure (dP) in the turbine duct. The influence of water
depth conditions does not significantly affect Zcnamber and
dP. Significant effects are shown by the influence of water
depth installation for the L-OWC device with input
periods longer than T =2.47 s.

1 300
—e— T1775(2)
—h— T2125(2)
0.8 —e— HO0.125m(2) 250
--@--- T1.77s (dP)
---h--- T212s(dP) 200
S06 ---¢---H0.125m (dP) .
- ©
k2 150
£ a
£0.4 ©
N 100
2
0 50
0 0

D065 D085 DO75=MSL LWL HWL
Scenario - H0.125 m

Fig. 10: The influence of various T with H=0.125 m on
water oscillation (Zchamber) in the chamber and diiferential

pressure (dP)
1 300
0.9
250
0.8
R 0.7 200
€ 06 —
e ©
205 150
5 =
F 04 —+—HO0.125m(2)
0.3 —u—R6.1875n (2) ® 100
@<=——4—H025m(z2) &
0.2 --=¢---H0.125 m (dP) 50
0.1 ---m---H0.1875 m (dP)
---&---H0.25 m (dP)
0 0
D065 D085 DO0O75=MSL LWL HWL

Scenario - T 2.47 s

Fig. 11: The influence of various H with T = 2.47s on water
oscillation (Zchamber) and diiferential pressure (dP).

The influence of variations in Wave Height (H) at the
same wave input period (T = 2.47 s) is shown in Fig. 11.
The increase in the variation of wave height (H) causes
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water mass to enter the L-OWC chamber, affecting
Zchamber and dP in the L-OWC chamber. In Figure 11,
Zchamber and dP are highest at H = 0.25 m and lowest at H
=0.125 m. The values of Zchamber and dP are highest in the
HWL scenario, reaching 0.87 m and 257.9 pascal,
respectively. The LWL scenario and DOG65 scenario
respectively do not provide optimal results in increasing

Z chamber OF dP in the chamber and turbine duct.. Meanwhile,

the optimal average values are found in D075 or MSL
scenarios.

3.5.L-OWC performance in all conditions and
scenarios

The correlation of various test scenarios on water
conditions and L-OWC device installation conditions,
specifically regarding water conditions and installation
depth variations, is illustrated in Fig. 12; (A), (B), and (C),
respectively. The test results indicate that the H125 T177
scenario shows the lowest and suboptimal results in all
variations of water conditions and L-OWC device
installation. On the other hand, the H25 T247 scenario
proves to be the best and optimal in all tested conditions.
Figure 12 highlights the variation in water conditions,
particularly the low water level (LWL), as a crucial
consideration due to its significant influence on
differential pressure and airflow velocity, subsequently
affecting the performance of the L-OWC device. The
significant decline in the performance of the L-OWC
design during Low Water Level (LWL) conditions should
be considered when planning the installation of L-OWC
in deeper seawater or avoiding installation in areas with a
high tidal range.
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Fig. 12: Test scenarios for water conditions (tides) and L-
OWC device installation conditions on; (A) Zchamber ,(B)
velocity, (C) Differential pressure

3.6 Power performance L-OWC

The power generated by the L-OWC is influenced by
several factors that have been discussed, including wave
height and period characteristics, tidal conditions, and the
water depth at which the device is installed. The
compatibility between the L-OWC device and the waters
or wave characteristics will result in optimal power output.
In Figure 13, it is illustrated that airflow velocity (Vair) and
differential pressure (dP), as shown in Fig.12, correlate
significantly with power, as expressed in the equation 2.15.
The power output is most optimal in the H25 T247 wave
generation scenario compared to other test scenarios. This
indicates that the L-OWC device performs well at longer
wave periods (T = 2.47 s).

Power (Watts)

H125T177 H125T212 H125T247 H1875T247 H25T247
Test Scenario

Fig. 13 : Power L-OWC in all test scenarios and conditions.

The L-OWC device also demonstrates the best
performance under rising tide conditions (HWL) with a
power of 355 Watts and with the device installed at the
deepest water depth, namely D085 with a power of up to
357 Watts. In Figure 13, it is shown that under ebb tide
conditions (LWL) and with the device installed at a depth
that does not meet certain criteria (illustrated as D065), the
performance will decrease. Therefore, it is necessary to
ensure that the device is always submerged in water under
adequate conditions for oscillation.

4. Conclusions

The study's findings indicate that the wave dynamics
entering the chamber significantly impact L-OWC
performance. Optimal scenarios show effective water
entry, enhancing chamber oscillation, airflow, and
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differential pressure within the chamber and turbine duct.
Suboptimal conditions, where waves reflect and cannot be
fully captured by the L-OWC chamber.

Optimal performance of L-OWC correlates with higher
wave heights, relatively longer wave periods, and High
Water Level (HWL) conditions, resulting in increased
water oscillation (Zchamber), airflow velocity (Vair) and
differential pressure (dP). Tidal wvariations exert
significant influence, whereas water depth shows minimal
impact compared to tidal effects. These findings
underscore the importance of wave characteristics and
tidal conditions in optimizing efficiency and design of L-
OWTC for effective wave energy conversion.

Several test scenario conditions with D = 0.85 m
resulted in better water surface oscillation, differential
pressure, and air flow velocity compared to other
installation water depth conditions.The correlation of tidal
conditions with wave generation test scenarios shows
results that need significant attention. LWL conditions
experience a decrease in system performance, as indicated
by the decrease in differential pressure, and air flow
velocity in the L-OWC chamber and turbine duct. In HWL
conditions, the system operates well, with a high air flow
velocity of 21.2 m/s and a differential pressure of 257.9
pascal in the test scenario H=0.25 m; T =2.47 s.

The airflow velocity (Vair) and differential pressure (dP)
significantly correlate with power output. The L-OWC
device performs best at longer wave periods (T = 2.47 s)
and under rising tide conditions (HWL) with power output
up to 357 Watts when installed at the deepest water depth
(D085). Conversely, performance decreases under ebb
tide conditions (LWL) and at inadequate depths (D065).
Thus, for optimal efficiency, the device must be
submerged under suitable conditions for oscillation. The
L-OWC device is recommended for installation in areas
with low tidal variations or as per the study's
recommendation for the floating type L-OWC, which is
not affected by tidal variations. The recommendation for
future research is to test the L-OWC design with a wider
range of wave periods and heights scenarios.
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Nomenclature
Zchamber water level oscillations in the chamber (m)
P input power of the OWC (W)
Vair airflow velocity in the turbine duct (m/s)
dP differential pressure between chamber and
turbine duct (pascal)
A cross-sectional area of the turbine duct

(square meters)

H wave height input (m)
T wave period input (s)
Greek symbols
u dynamic viscosity
V2 vector Laplacian
fm volume fraction
A wavelength
® wave frequency
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