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Introduction and aim of the work

As the energy demand and the shortage in the world
oil supplies are significantly increasing, new chal-
lenges arise in the current geopolitical situation. On
the other hand, the global warming and economical
situation of the world have significantly increased the
need for a green energy generated from the renewable
sources. Renewable sources such as wind and solar
energies have been developed for the past few decades
and there has been significant progress in harnessing
energy from these sources. However, due to the im-
portance of location on the power densities associated
with these sources the demand for alternative renew-
able energy sources has increased.

During the 1970’s global oil crisis, ocean waves
were considered as a potential source of energy [1].
Nevertheless, due to the complicated nature of wa-
ter wave interaction with floating/tethered bodies,
the wave energy technology has not yet achieved a
universal standard conceptual design similar to wind
energy turbines. Therefore, various wave energy de-
vices have been developed and deployed to harness
the energy of water waves.

One of the most promising wave energy converter
devices is the bottom hinged Oscillating Wave Surge
Converter (OWSC). It has been known that bot-
tom hinged OWSCs are an efficient way of extracting
power from ocean waves [2]. OWSCs are in general
large buoyant flaps, hinged at the bottom of ocean
and oscillating back and forth under the action of in-
coming incident waves [3, 4]. The oscillating motion
is converted into energy by pumping high pressure
water to drive a hydro–electric turbine [5]. OWSCs
are shallow water devices and hence the interacting
waves have large horizontal velocity component. This
results in a strong wave load on these devices. There-
fore, large amplitude oscillations are expected. In
some cases slamming can occur but this is the sub-
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ject of work in progress. Hereby, the widely used
potential flow theories are not sufficient to simulate
wave interaction with OWSCs.

In this paper, the wave load on an OWSC will be
studied using the Smoothed Particle Hydrodynamics
(SPH) method. SPH method is a meshless, purely
Lagrangian technique which was originally developed
in 1977 by Lucy [6] and Monaghan and Gingold [7].
It has subsequently been successfully employed in a
wide range of problems, e.g. astrophysics, fluid me-
chanics, solid mechanics, fluid–structure interaction
and many more (see [8] for a recent review).

Mathematical model

The governing equations of transient compressible
fluid flow include the conservation of mass and mo-
mentum equations. In this work, the governing equa-
tions are written in a Lagrangian framework as
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where ρ, t, v, p, ν and g are density, time, veloc-
ity vector, pressure, kinematic viscosity and gravi-
tational acceleration, respectively. The coordinates
are X along the channel, Y along the vertical and Z
across the channel.

In order to take into account the effects of turbu-
lence on the flow, turbulent fluctuations are modelled
through the concept of eddy viscosity estimated from
the well-known and widely used k − ε model. The
Lagrangian form of the Reynolds average Navier–
Stokes (RANS) equations with k−ε turbulence model
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where p̃ = p + 2/3ρk is the modified pressure and
νT = Cµk

2/ε is the eddy viscosity. The production
of turbulent energy P is given by

P = νTS : S (3)

where the rate–of–strain tensor S takes the form
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The standard k − ε model constants are

Cµ = 0.09; Cε,1 = 1.44; Cε,2 = 1.92;

σk = 1.0; σε = 1.3.
(5)

Results

The SPH simulations of OWSC were carried out in a
20 m long wave tank. The regular wave is modelled
using a piston–type wave maker located at the left
end of the tank. The displacement of the piston–type
wavemaker is determined by the linear wavemaker
theory [10]
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Here, a, k, ω and h0 are the wave amplitude, wave
number, wave frequency and the initial water depth,
respectively.

A dissipation zone is used for damping the wave
amplitude at the right end of the tank. In this dis-
sipation region, a friction source term is added to
the vertical velocity component within the momen-
tum equation. In order to avoid the velocity damping

in the uniform horizontal flow, the damping force in
the horizontal direction was not considered.

The dimensions of the OWSC model and the wave
tank were similar to the ones described in [3] and a
2D schematic is shown in Fig. 1. The SPH particles
were initially placed on a grid of squares with initial
spacing of l0 = 0.022 m and l0 = 0.033 m for 2D
and 3D simulations, respectively. In both cases the
SPH smoothing length was set to h = 1.5l0 and the
boundary particles were placed with the spacing of
l0/3.

Figure 1: A two–dimensional schematic of the wave tank
and the OWSC model. the dimensions are in meter.

The wavemaker was calibrated to produce regular
waves with a 0.12 m wave height and a 2 s period.
Figures 2 and 3 show snapshots of 2D and 3D SPH
simulations at various times, respectively.

Figure 2: 2D SPH simulation of wave impact on an
OWSC. Particles are coloured by their pressure.

By comparing Figs. 2 and 3 it can clearly be
seen that after the incoming wave interacts with the
OWSC, the flow is no longer 2D around the flap.
Hence a 2D simulation is not sufficient to accurately
predict the rotation of the flap. In order to scruti-
nise this further, the time variation of the flap angle
is compared with experimental data obtained in the
wave tank of Queen’s University Belfast in Fig. 4.

As illustrated in Fig. 4, the maximum angle of
rotation of the flap is under-estimated by 2D simu-
lations whereas 3D simulations were able to capture



Figure 3: 3D SPH simulation of the interaction between
incoming waves and an OWSC. Particles are coloured
with their pressure.

Figure 4: Comparison between angle of the flap from
2D and 3D simulations with experimental data.

the angle of flap more accurately.

In order to investigate the performance of OSWCs,

it is crucial to understand and to accurately predict
the wave loading on them. To do so, 13 pressure
transducers were mounted on the front face (toward
the wavemaker) of the device during the experiments.
The initial locations of the transducers are given in
Tab. 1. The position along the transverse Z axis is
measured from the centre of the device.

Table 1: Initial position of the pressure transducers on
the front side of the OWSC.

Pressure Transducer pos Y [mm] pos Z [mm]
PT1 0.6655 0.4680
PT2 0.4820 0.4680
PT3 0.7615 0.3640
PT4 0.6195 0.3640
PT5 0.4360 0.3640
PT6 0.6808 0.2600
PT7 0.5280 0.2600
PT8 0.7615 0.1560
PT9 0.6195 0.1560
PT10 0.4360 0.1560
PT11 0.7365 0.0520
PT12 0.6502 0.0520
PT13 0.4973 0.0520

Figures 5 and 6 show the time history of the pres-
sure obtained with the 2D SPH simulations at the
pressure transducer locations on the OWSC. Except
at the pressure transducer 2 where both 2D and 3D
simulations match, 3D results show very agreement
with experimental data in all the other cases. The
slight discrepancies between numerical estimations of
the maximum pressure peaks and the experimental
data are due to their stochastic nature and to the
lack of exact repeatability of the experiments.

Figure 5: Time history of pressure variation at sensor
PT2 in table 1.

Final Remarks

In this paper, a modified SPH method utilising a par-
ticle pair–wise Riemann solver in calculating density



Figure 6: Time history of pressure variation on sensor
PT11 in table 1.

filed was used to study the wave impact on an Os-
cillating Wave Surge Converter. In addition to cap-
ture the turbulent characteristics of the problem the
Lagrangian form of the RANS k − ε model was in-
cluded in the SPH equations. It was observed that
the 3D SPH simulations resulted in a more accurate
estimation of the pressure peaks on the OWSC. In
addition, the time variation of the angle of rotation
of the OWSC was in closer agreement with the ex-
perimental data for 3D simulations compared to the
2D simulations. The same comment applies for the
total torque exerted on the flap around the hinged
position (not shown here - see [11]). The main conclu-
sion is that 3D simulations are essential to accurately
estimate the loads on the OWSCs. 3D simulations
with finer resolutions are currently being performed
to study the effect of SPH particles size on the angle
of rotation of the flap and the pressure exerted on the
pressure sensors.
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