
Journal of Ocean and Wind Energy (ISSN 2310-3604) http://www.isope.org/publications
Copyright © by The International Society of Offshore and Polar Engineers
Vol. 1, No. 2, May 2014, pp. 101–110

The Characteristics of Wave Impacts on an Oscillating Wave Surge Converter
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Wave impacts on an oscillating wave surge converter are examined using experimental and numerical methods. The
mechanics of the impact event are identified experimentally with the use of images recorded with a high-speed camera. It is
shown that it is the device that impacts the wave rather than a breaking wave impacting the device. Numerical simulations
using two different approaches are used to further understand the issue. Good agreement is shown between numerical
simulations and experimental measurements at 25th scale.

INTRODUCTION

Oscillating wave surge converters (OWSCs) are a class of
wave energy converter (WEC) that are designed to absorb energy
contained in the horizontal motion of water within ocean waves
(Whittaker and Folley, 2012). They are typically situated in the
intermediate water depths of the nearshore region in order to take
advantage of the amplification of horizontal water particle motion
due to shoaling effects (Folley et al., 2007).

Aquamarine Power Ltd. is the developer of one such OWSC
called Oyster (Whittaker et al., 2007; Henry et al., 2010). Oyster
consists of a buoyant flap, which is hinged close to the seabed and
pierces the water surface. The flap is arranged to have its principal
axis normal to the dominant wave direction. Wave action forces the
flap to pitch back and forth, and this mechanical energy is used to
pump water ashore where it drives a Pelton turbine and electrical
generator.

Oyster has undergone extensive wave tank testing at Queen’s
University Belfast (Henry, 2008), and experimental data was used to
predict power output and to define load cases for use in design. The
load study can be divided into two distinct areas: the fatigue load
cases that define the operating loads over the lifetime of the device,
and the extreme load cases that define the expected maximum
loads, generally occurring in severe but infrequent conditions
defined by their return period (Doherty et al., 2011). Quasi-static or
pulsating wave loads were measured with a 6-axis load cell during
experimental testing of Oyster in extreme sea conditions to define
the extreme load case. However, in these extreme sea tests, it was
observed that there was an occasional impulsive component on the
load time history. This short-duration but high-magnitude load was
found to coincide with a wave impact event.

It is important to characterize the impact as it affects the design
of the local structure of the flap, which must withstand the impact
pressure, and the global structure, which will transmit the impulse
load to the foundations. The key variables that must be defined are
the pressure magnitude, duration (rise and fall time), and spatial
distribution.
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The characteristics of wave impacts on various maritime structures
have been studied for many years, mainly in response to failures
at sea, such as the damage to the bow of the Schiehallion FPSO
investigated by Voogt and Buchner (2004) and Xu and Barltrop
(2005). The wave impact problem is apparent in static coastal
structures (Gōda, 2000), such as vertical walls and rubble mound
breakwaters (Cuomo et al., 2011), and in dynamic bodies such as
ships, which are subject to impacts such as bottom, deck, and bow
slam (Mizoguchi and Tanizawa, 1996). In more recent times, the
impacts of waves on the walls of the internal chambers of Liquid
Natural Gas (LNG) carriers have received particular attention
(Braeunig et al., 2009; Lafeber et al., 2012). While design codes
do exist to deal with wave impact in these established industries,
research is still ongoing to fully understand the problem.

As there is currently a lack of empirical load data for WECs,
knowledge and guidance must be drawn from other industries,
but the characteristics of WECs present a greater challenge in
determining appropriate loads for their design. A wave energy
converter is designed to actively interact with, and therefore disturb,
the wave field, and its motion responses would generally be
considered large. For example, a WEC such as Oyster will be
designed so that the pitch motion of its flap is maximized in order
to efficiently absorb power; conversely, a ship may be designed so
that pitch and roll motions are reduced to ensure passenger comfort
and safety. This means that the velocity of the WEC’s prime mover
can be a significant proportion of the relative velocity between the
fluid and the structure at impact. Furthermore, the presence of the
WEC can have a significant influence on the local wave field and
water surface profile.

Computational fluid dynamics (CFD) methods (Ferziger and
Peric, 2002) are becoming widely accepted as a solution to many
fluid-structure interaction problems. CFD allows the visualisation of
fluid flow and pressure in fine resolution. It also allows changes to
key variables, such as flap shape, to be explored quickly (Schmitt
et al., 2012). However, the application of CFD tools requires long
run-times with powerful computing resources, specialized solvers
for specific problems, and last but not least, rigorous validation.

The purpose of the present work is to establish an understanding
of the mechanisms and characteristics of the wave impacts on an
OWSC. Images from a high-speed camera, together with pressure
measurements of a 25th-scale OWSC model, are used in conjunction
with numerical simulations, using two distinct CFD methods, to
gain the required insight.
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Fig. 1 2D schematic of the wave tank and the OWSC model.
Dimensions are in meters.

Fig. 2 Location of 13 pressure sensors on the front face of the flap

EXPERIMENTAL STUDY

Experiments were conducted at the Marine Research Group’s
hydraulics laboratory at Queen’s University Belfast. The wave tank,
shown in Fig. 1, is 18 m long, 4.58 m wide, and can accommodate
water depths of 0.4 m to 0.8 m. Waves are generated by a six-
element, Edinburgh Designs sector carrier paddle at one end and
absorbed by a 2.5-m-long, sloped overtopping porous mesh with
an additional 1.2-m-long mesh absorber with vertical saw tooth
profiled entries.

A 25th-scale model representing a simplified Oyster shape was
used for the test program. The flap is a 1004 m × 0054 m × 0012 m
cuboid with a hinge height of 0.16 m and consists of a 3-mm-thick
shell of aluminum plate, supported on an aluminum framework and
packed with Styrofoam. An array of 13 pressure sensors covers
one side of the front face of the flap. The locations of the pressure
sensors are shown in Fig. 2. The pressure transducers are air-vented
gauges with a 17-mm-diameter diaphragm.

The tests were undertaken with the flap undamped, that is,
simulating the condition in which the Power Take Off (PTO) is
shut down. This case was chosen as it represents the worst case
scenario where the PTO system does not provide any restraint to
the flap’s motion in large seas and therefore flap angular velocities
are at their highest.

During the tests, a high-speed camera was used to take images
at 198 frames per second from vantage points above and below
the water surface. The image capture is synchronized with the
data acquisition system, which records pressure, flap rotation, and
surface elevation in-line with the hinge at 20 times the sample
frequency of the camera, or 3960 Hz.

OBSERVATIONS

The mechanics of the impact event follow a common trend in
both random and monochromatic waves. Two sequences of images,
shown in Figs. 3 and 5, are taken from a large steep wave cycle
in a polychromatic sea state with a mean period of 1.7 s and a
significant wave height of 0.23 m (8.5 s, 5.75 m at full scale).
Figure 4 shows rotation angle and pressure over time during the

impact event; the letters marking the frames from Fig. 3 are shown
at the top of the figure for orientation.

Description of Wave Cycle Leading to Slam

As the crest of the wave approaches, the flap is in the vertical
position but moving toward the beach. The flap reaches its maximum
angle of rotation towards the beach and is fully submerged as
the crest passes over it (Fig. 3A). At this instant, the pressure
from the wave is balanced by the restoring moment of the flap’s
buoyancy, and the flap stops (Fig. 3B). As the crest moves away
from the flap, the wave pressure is reduced and the water level
begins to drop as the trough approaches. The restoring moment of
the flap then overcomes the wave pressure, and the flap begins
to rise up and pierces through the back of the wave crest (Fig.
3C). As the flap reaches the vertical position, it is traveling with
high angular velocity and, as the wave is in the trough phase, the
surrounding water is moving seaward (Fig. 3D). The water level is
low in the trough and much of the flap is exposed; therefore, the
water provides little resistance to the flap’s motion. As the flap then
pitches forward into the oncoming wave crest, the water surface at
the front face of the flap suddenly drops, exposing almost all of the
front face (Fig. 3E). This is an interesting effect, and it is not yet
clear whether this is due to a wake or wave effect. The air gap
between the flap and water surface then closes quickly (0.25 s) as
the flap slams into the next approaching wave (Fig. 3F). The gap is
closed from the bottom up and from the side into the center. A jet
of water is formed (Fig. 3G), which ejects water to a considerable
distance in front of the flap (Fig. 3H). Once the top edge of the
flap is submerged, the flap decelerates.

Description of Slam Event

As the previous section discussed the mechanics of the slam
event in terms of a wave cycle, we shall now consider the moment
of impact more closely in order to better understand the evolution
of the pressure distribution on the face of the flap. Images from the
high-speed camera shown in Fig. 5 are taken from an underwater
location in front of the flap.

Figure 5A is taken prior to impact as the crest passes and the
flap is pitched over towards the beach. Figure 5B shows the water
surface lowering towards the hinge in the trough of the wave when
the flap is almost vertical and moving seaward. Note that the lowest
two rows of pressure sensors are visible on the right-hand side.
Figure 5C captures the moment of the lowest water level or greatest
drying out of the front face of the flap. Water draining down the
face of the flap causes disturbances along the interface between
the flap and free surface. Figure 5D shows the flap beginning
to re-enter the water. A line of air bubbles is trapped where the
disturbances were highlighted in the previous image. The re-entry
of the flap begins at the side edges, forming a bow-shaped water
surface at the flap boundary. The bow-shaped profile then continues
to move up the flap as it enters the water, as shown in Fig. 5E. The
final re-entry is shown in Fig. 5F. Again, disturbances at the free
surface are trapped as air bubbles, which can be seen near the top
of the flap. Water is ejected from this region as the gap between
the flap and water surface closes. This jet can be seen landing on
the free surface at the top of the image in Fig. 5G. The flap is fully
submerged and beginning to rise again in Fig. 5H.

This is clearly not a classic wave impact event in which a wave
hits an object; in fact, as the flap’s velocity dominates the impact
velocity, the problem might be considered a water-entry problem
similar to bottom-slamming of a ship. Yet, although the face of the
current flap is flat, the water profile that it hits is certainly not, as
it is disturbed by the presence of the flap. Therefore, the dynamics
of the flap and its disturbance of the local water profile appear to
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Fig. 3 Sequence of images of the model during a wave cycle that resulted in a slam event. The viewpoint is above the water surface and
seaward of the model.
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Fig. 4 Time history of rotation and pressure variation on sensor 8.
The letters refer to frames of experimental camera footage shown
in Fig. 3.

significantly influence the event. It is these complicating factors
that make the problem unique and make it difficult to employ
analytical solutions or empirical data from other industries.

EXPERIMENTAL RESULTS

It was originally thought that the pressure measurements from
the 13 transducers could be used to generate instantaneous pressure
distributions for each time step, which could then be animated to
reveal the evolution of the pressure on the face of the flap during
the slam event. However, the low spatial resolution of the pressure
data and the short duration of the pressure spike on each transducer
mean that peak pressures occur almost independently on each
pressure transducer, and the pressure distribution could not be
derived from the data with any confidence.

One positive result, however, is that this also means that the area
of highest pressure intensity has a relatively small instantaneous
footprint and thus a lower impulsive load than might previously
have been assumed. Moreover, matching the data to the images
reveals that the peak of the pressure corresponds to the point
in time and space at which the water contacts the flap. This is
important, as it means that the evolution of the pressure distribution
on the face of the flap can be derived from the waterline in the
images and used to interpolate the sparse pressure data.

While the experimental data might be not be appropriate to
determine the evolution of the pressure distribution during the
impact, they may be used to determine the distribution of maximum
pressure on the flap. Assuming symmetry, peak pressure recorded
on each transducer has been used to generate the distribution of
peak pressure on the face of the flap, as shown in Fig. 6. The plot
in Fig. 6 shows that the highest magnitude pressure occurs in the
center of the flap.

NUMERICAL STUDIES

Numerical simulations were undertaken using two different
approaches to CFD, that is, the mesh-based volume of fluid and
meshless particle methods. The following sections present the setup
and results from each simulation and make comparisons of the
output to the experiment.

Volume of Fluid

The OpenFOAM (Open Field Operation and Manipulation) CFD
Toolbox is a free, open-source CFD software package produced
by OpenCFD Ltd. The interDyMFoam solver (Rusche, 2002), an
implementation of the volume-of-fluid algorithm, was extended to
include an absorbing wavemaker similar to Choi and Yoon (2009).
It should be noted that this wavemaker has a different start-up
characteristic than the wavemaker used in the experiments and
the SPH simulations. The numerical beach is implemented as a
dissipation term in the impulse equation; a scalar variable defines
the distribution of this dissipation factor in the computational
domain.

As shown in Schmitt et al. (2012), the bottom-hinged flap cannot
be readily simulated with standard tools, and custom mesh motion
tools have been developed to allow for the flap motion. Figure 7
shows the flap moving with a part of the mesh. The moving section
of the mesh containing the flap is of cylindrical shape and coupled
with the fixed mesh by using the OpenFOAM Arbitrary Mesh
Interface method (Farrell and Maddison, 2011). The tank floor
below the flap is taken into account by setting a high dissipation
factor below the height of the tank floor at every time step, thus
effectively reducing the velocities to zero. To solve the equations
of motion and update the flap position, an algorithm similar to
Azcueta (2001) has been implemented, which also allows the
simulation of different PTO strategies.

Preliminary simulations were performed for a flap with the same
dimensions as those of the experimental model. The tank is of the
same width, but the floor is even. All tank walls and the moving
flap were simulated as walls or moving walls, respectively; for the
top of the tank, a fixed-pressure boundary was used.

Wave generation and propagation of very steep waves in shallow
water is computationally expensive, and insufficient spatial reso-
lution leads to high numerical dissipation and decrease in wave
height as the wave propagates down the tank. In the presented case,
the wave period is 2 s and the wave height at the flap position is
approximately 0.3 m (7.5 m full scale). Impacts have been observed
in experimental tests for wave heights of less than 0.25 m.

Figure 8 shows the interaction between the flap and free surface
for several time steps leading up to and during the impact event.
Similar behavior to that of the experiment, as shown in Fig. 3, is
observed, with the dip in the local water surface on the front face
of the flap prior to the impact and the bowed water profile moving
up the face as the flap re-enters the water. The process of re-entry
(Figs. 8D to 8F) takes approximately 0.3 s, which is also in good
agreement with the experiment.

Figure 8 also presents the pressure distribution on the face of the
flap during the course of the impact event. The hydrostatic part
of the pressure is removed, and the remaining pressure, pdyn, is
computed as:

pdyn = p− 4D− z5 ·� · g (1)

with p being the total pressure, D the water level at the model
position, z the free surface elevation, g the gravity vector, and �
the density.

The first three frames (Figs. 8A–8C) show a low-pressure region
below the water surface as it drops down the face of the flap.
Frames 8D to 8F show that the local maximum pressure occurs in
the center of the flap and just below the water surface, matching
the observations in the experiment. The rotation trace obtained
from the simulation is shown in Fig. 10 and shows reasonable
agreement with the experimental data.

Preliminary CFD simulations of a flap in large waves show
high flap accelerations, the drying out of the front face in the
wave trough, and impact loads many times larger than the loads
experienced during normal operating conditions. The results shown
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Fig. 5 Sequence of images during the impact event. The viewpoint is from an underwater location directly seaward of the model. The white
lines indicate the extension of the flap face.
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Fig. 6 Normalized peak pressure on flap face during impact. Note
that pressures are not simultaneous. The blue line represents the
static mean water level and the red dashed line the hinge axis of
the flap. Red stars show the position of the pressure transducers.

here were run on 28 cores with a Courant Number of 0.3 and took
approximately 2 days. The mesh contained 1,400,000 cells.

Smoothed Particle Hydrodynamics

The SPH method is a meshless, purely Lagrangian technique,
which was originally developed by Lucy (1977), Gingold and
Monaghan (1977), and Monaghan and Gingold (1983). It has
subsequently been successfully employed in a wide range of
problems in, e.g., astrophysics (Benz, 1988; Monaghan, 1990;
Monaghan and Lattanzio, 1991), fluid mechanics (Monaghan et al.,
1999; Swegle et al., 1995), solid mechanics (Libersky and Petscheck,
1993; Benz and Asphaug, 1995; Bonet and Kulasegaram, 2000),
and fluid–structure interaction (Rabczuk et al., 2009; Maurel et al.,
2009; Rafiee and Thiagarajan, 2009). See Monaghan (2012) for a
recent review.

In SPH, the “particles” are moving nodes that are advected
with the local velocity and carry field variables, such as pressure
and density. As the fields are only defined at a set of discrete
points, smoothing (interpolation) kernels are used to define a
continuous field and to ensure differentiability. In the most common
formulation, termed weakly compressible SPH (WCSPH), the fluid
is assumed to be compressible with a large sound speed (such that

Fig. 7 Side view of the center plane of flap and moving mesh
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Fig. 8 Sequence of images during the impact event. The thick
blue line indicates the water level on the flap. The flap surface
below the water is colored according to the relation given in Eq. 1.
Pressure contours are spaced at 100 N/m2.
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the Mach number M ≈ 001 and the density of the fluid typically
vary by less than 1%).

The SPH method uses smoothing kernels to express a function
in terms of its values at a set of disordered points. The smoothing
kernel function (or weighting function) specifies the contribution of
a typical field variable, A4r5, at position r in space. The kernel
estimate of A4r5 is defined by Monaghan (1992, 1994):

〈

A4r5
〉

=

∫

V
A4r′5W4r − r′1 h5dr′ (2)

where V represents the solution space,
〈

A4r5
〉

is the approximation
of spatial function A4r5, and the smoothing length h represents the
effective width of the kernel W . If A4r′5 is known only at a discrete
set of N points r11 r21 0001 rN , then A4r5 can be approximated as:

〈

A4r5
〉

≈

N
∑

j=1

A4rj5W4r − rj 1 h54dV 5j (3)

The differential volume element 4dV 5j can be expressed as mj/�j .
Thus, the approximation for A4r5 can be written as:

〈

A4r5
〉

≈

N
∑

j=1

mj

�j

A4rj5W4r − rj 1 h5 (4)

The summation is over particles that lie within a circle of radius
2h centered at r. The kernel used here is the fifth-order Wendland
kernel (Wendland, 1995). This kernel gives the best compromise
between accuracy and computation cost (Rafiee, 2012) and is given
by:

W4r1h5=W0 ×

{

41 + 2s542 − s54 0 ≤ s ≤ 2

0 2 ≤ s
(5)

where s = �r�/h, and W0 = 7/464�h25 is the normalization factor
in two-dimensional problems. For three-dimensional problems, the
normalization factor takes the value W0 = 21/4256�h35.

In order to take into account the effects of turbulence on the flow,
turbulent fluctuations are modeled through the concept of eddy
viscosity estimated from the well-known and widely-used k-� model
(Pope, 2000). The SPH form of the RANS k-� equations appears as:
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where A= �+ �T , B = �+ �T /�k, C = �+ �T /�� , and rij = ri − rj .
Here, p̃ = p+ 42/35�k is the modified pressure, and �T =C�k

2/�

is the eddy viscosity. The production of turbulent energy P is given
by:

P = �T S 2 S (7)

where the rate–of–strain tensor S takes the form:

S =
1
2

[

ïv + 4ïv5T
]

(8)

The standard k-� model constants are:

C� = 00093 C�11 = 10443 C�12 = 10923

�k = 1003 �� = 103
(9)

In the traditional mesh–based methods, the k-� equations (Eq. 6)
are only solved up to a small distance from the wall boundaries
(where the turbulence is fully developed), and then the wall–
function is employed for the near-wall regions. The turbulent
kinetic energy in the inertial sublayer is then calculated from the
log–law relationship:

k =
u2

∗

C
1/2
�

ū

u∗

=
1
�

ln
yu∗

�
+ 502

(10)

where, u∗ is the so–called shear velocity relative to the wall,
�= 0041 is the von Karman constant, and y is a small distance
from the wall. The value of the turbulence dissipation rate at this
layer can be calculated from:

� =
u3

∗

�y
(11)

However, in the SPH simulations, all the fluid particles are at a
distance greater than the small distance y from the wall. Therefore,
the value of the turbulent kinetic energy on the wall particles
(boundary particles) can be obtained from the Neumann boundary
condition ¡k/¡n= 0 at the wall. To do so, the value of k on a
boundary particle � is calculated from:

k� =

∑

j
4mj/�j5kjW�j

∑

j
4mj/�j5W�j

(12)

where the summation j is only over the fluid particles. It has been
noted by Ferrand et al. (2013) that this approximation is consistent
with the zero-flux condition for k at the wall. Once k is calculated
on a boundary particle, the value of the dissipation rate � on the
boundary particle can be evaluated from its relationship to shear
velocity (Eq. 11) and the relationship between shear velocity and
turbulent kinetic energy (Eq. 10). Therefore, the value of � on a
boundary particle � is obtained from:

�� =C3/4
�

k3/2
�

�y
(13)

In the SPH simulations, since the fluid particles are at a distance
∼ dp (dp is the initial particle spacing) from the wall, one can
therefore replace y = dp in Eq. 13. The pressure and density of
boundary particles were also calculated similarly to the turbulent
kinetic energy (Eq. 12).

The SPH simulations of the OWSC were carried out in a 20-m-
long wave tank. This is 2 m longer than the experimental tank,
allowing for a longer numerical wave-absorbing beach. The regular
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wave was modeled 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 (Dean
and Dalrymple, 1984; Dong and Huang, 2004):

X 4t5=A0 sin 4�t5 (14)

where

A0 =
an1

tanh 4kh05
3 n1 =

1
2

(

1 +
2kh0

sinh 42kh05

)

(15)

a, k, � and h0 are the wave amplitude, wave number, wave
frequency, and initial water depth, respectively.

The wavemaker was calibrated to produce regular waves with
a 0.12-m wave height and a 2-s period at the model position. A
dissipation zone was used for damping the wave amplitude at
the right end of the tank. In this dissipation region, a friction
source term was added to the vertical velocity component within
the momentum equation. In order to avoid velocity damping in
the uniform horizontal flow, the damping force in the horizontal
direction was not considered.

In the presence of a rigid body interacting with the flow, and
hence moving due to the fluid forces on it, one needs to solve
the equations for rigid body motions simultaneously with the
aforementioned RANS equations (Eq. 6). The equation of linear
motion for the center of mass of a rigid–body presents as:

M
d V
d t

=
∑

i

fi + Fext (16)

and the torque equation reads as:

I
dì
d t

=
∑

i

4ri − R5× fi + �ext (17)

where the summation i is over the particles on the object; M is the
body mass; I is the moment of inertia; R is the center of mass
(rotation); V is the velocity of the center of mass; ì is the angular
velocity; fi is the force on particle i due to the fluid; Fext and �ext

are the external force (e.g., gravity) and the external torque acting
on the body, respectively.

The particles belonging to a rigid body will then move with
the body’s linear and angular velocity. Therefore, the position of
particle i on the object will be updated by:

d ri
d t

= V +ì× 4ri − R5 (18)

The dimensions of the OWSC model and of the wave tank
were similar to the ones described previously and given in the 2D
schematic shown in Fig. 1. The SPH particles were initially placed
on a grid of squares with initial spacing of l0 = 0.033 m, resulting
in a total number of 3,264,668 particles. In both cases, the SPH
smoothing length was set to h = 1.5 l0, and the boundary particles
were placed with a spacing of l0/3, resulting in a total number of
3,264,668 particles. The simulations were performed on ICHEC’s
(Irish Centre for High-End Computing) Stokes supercomputer,
which is an SGI Altix ICE 8200EX cluster with 320 compute
nodes. Each compute node has two Intel (Westmere) Xeon E5650
hex-core processors and 24 GB of RAM. The SPH simulations
presented here used 72 processors and took approximately 70 hours
for 13 seconds of physical simulation time.

Output from the simulation is presented in Fig. 9, showing the
entire wave tank, with waves progressing from left to right past the
OWSC at the center of the images.

Fig. 9 SPH simulation of wave interaction with an OWSC. Particles
are colored by their pressure, with low being darker and high being
lighter. The OWSC position is highlighted by a circle in the first
image.

Discussion of Numerical Results

It is crucial that the simulation accurately predicts the motion of
the flap before any comparison of pressures can be made. The time
variation of the flap angle from the simulation is compared with

Fig. 10 Comparison of numerical and experimental time histories
of the OWSC rotation angle
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Fig. 11 Time history of pressure variation on sensor 8

experimental and OpenFOAM results in Fig. 10, and shows good
agreement. Both numerical methods show about 10% or 5� smaller
rotation amplitudes after the startup (8–10 s). The OpenFOAM
simulations show a larger discrepancy during startup, which is
believed to be caused mainly by the difference in the employed
wavemaker.

Figures 11 and 12 present the time history of the pressure exerted
on the pressure transducers located on the OWSC (see Fig. 2).
Time traces of pressure are not available from the OpenFOAM
simulations. The SPH results show a good agreement with the
experimental data. The slight discrepancies between numerical
estimations of the maximum pressure peaks and the experimental
data are due to the well–known stochastic nature of wave impacts,
which leads to scatter in the experimental results.

In both cases, SPH simulations were capable of predicting the
sharp pressure peaks. However, as mentioned before, these peaks
are stochastic, and therefore their exact location in time and their
peak value were not repeatable in the experiments. Therefore, slight
discrepancies between numerical values and experimental data
are expected. The results indicate that SPH and VOF methods are
capable of simulating impact events of OWSCs.

Fig. 12 Time history of pressure variation on sensor 11

CONCLUSIONS

This paper has presented the initial work undertaken to identify
and understand the mechanisms of wave slam on an OWSC.
Numerical and experimental methods were employed to identify
the mechanism of the event and to characterize the impact on the
face of the flap. Good agreement was found between experimental
results and initial numerical simulations.

It was found that it is the flap that slams into the trough of the
oncoming wave. The impact is preceded by a drying-out of the front
face of the flap. The flap then re-enters the water with significant
angular velocity. The closure of the air gap from three sides forms
a jet of water, which is ejected in front of the OWSC. Pressure was
found to have the greatest magnitude at the center of the flap and
just below the water surface as it moves up the flap face.

FURTHER WORK

This work will be used directly by Aquamarine Power to design
future Oysters, and it is hoped that the understanding gained here
will be used to reduce the cost of Oyster through load reduction, in
terms of reducing the number and/or severity of the wave slam
events.

CFD will play a significant role in this work and will be used to
explore particular features of the slam event, such as the cause of
the sudden dip in water level on the front face prior to the impact.
It will also be used to further characterize the impact pressure,
investigate scaling issues, and test load reduction techniques, such
as using more complex flap shapes.

Experimental data will be investigated further and used to define
the impact load case for use in design. A wave impact specification
will be defined and used to design the local structure of the flap.
The impact specification will also be used as input to a time-domain,
Finite Element-based, dynamic analysis of the flap to determine its
structural response to the impulse. Further experiments will be
undertaken to explore the issue of repeatability and to generate a
set of statistically significant results.

Lastly, further work on this topic will include verification of
both the mechanism and pressure characteristics of the full-scale
WEC, Oyster 800, which is currently operating at The European
Marine Energy Centre, Orkney, Scotland.
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