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Introduction

Numerical Modelling

For wave energy to become commercially viable, it is predicted that wave energy
converters (WECs) will need to be installed in large wave farms. This will required an
extensive environmental impact study. Assessments of impacts of these sites
requires prior numerical modelling however the available tools have not been fully
validated.

Spectral Wave (SW) models are suitable for large scale coast line models2. A SW
model works by modelling the propagation of energy through a domain. Whilst a
structure can be represented as a point/line with a defined reflection and transmission
coefficient, it is still unclear if this
representation is appropriate for a
WEC. The main disadvantage of a SW
model in this context is that it is a
phase resolving model and therefore
the phase dependent
constructive/destructive interface in the
shadow of the array cannot be
represented, as is evident in Fig. 4.

This project investigates the area surrounding an array of five scaled WEC models
using experimental techniques. It then assesses the suitability of numerical tools to
be validated with this experimental data. Validated numerical tools could then be
used to predict parameters relating to the models such as reflection and transmission
coefficients.
The physical aspect of this project was conducted in the Portaferry wave basin
owned by Queen’s University Belfast. The device studied was a bottom hinged
oscillating wave surge converter (OWSC) which penetrates the surface (similar to the
Oyster device). The models were tested at 40th scale.

Physical Modelling
Introduction
This testing campaign was conducted in the Portaferry wave basin. The shallow
wave basin is designed for array testing. It is 18m x 16m and for the purposes of this
testing it had a depth of 550mm at its deepest location.
Five OWSC models at 40th scale were used
(Fig. 1 and 2). The WEC pitches in the surge
component of the wave. There was no
additional damping applied to the models
during the experiments; they only experienced
damping resulting from their own buoyancy
which was deemed negligible.
The desired data was surface elevation. It was
acquired using wave probes. 1056 wave
probe readings were collected in a 32 by 33
grid with 150mm spacing. The area mapped
was 4.65m by 4.8m

Fig. 1 – Concept of an OWSC device

Boussinesq model is phase resolving
which would overcome the issues
associated with the Spectral Wave
model. The representation of the
models is more complex. The physical
geometry of the WEC models is
significantly less than the area required.

Fig. 4 – SW model with conditions similar to those in Fig.3 (bottom left)

In summary, SW can be validated with surface elevation data as it contains no phase
information so cannot represent the interference pattern observed in the physical
testing. Boussinesq cannot sufficiently represent the reflection and transmission
properties of the models in the geometric domain.

Validation using Wave Energy
O’Boyle3 suggested that wave energy is more suitable for validating a numerical
model of WEC arrays. Spectral Wave models are based on the propagation of energy.
Wave energy can be estimated from Boussinesq model results.
The energy in a wave is the sum of the kinetic and
potential energies. These can be calculated by
physically measuring velocities and surface elevation
respectively.

Fig. 2 – Photograph of the experimental setup1

Results
The results presented in Fig. 3 are at a frequency of 1.1875Hz.
The baseline tank (top left) is displayed as a normalised amplitude. The single
device, Array 1 and Array 2 configurations (top right, bottom left and bottom right
respectively) are displayed as the amplitude of the wave field minus the amplitude of
the empty tank.

Nortek’s Vectrino II (Fig. 5) is a velocimeter
designed for laboratory work. It measures velocities
along three perpendicular planes in a numbers of
user-defined bins. It has been used previously in the
Portaferry Wave Basin for other testing campaigns
(Fig. 6).

Fig 5. – Nortek’s Vectrino II

Fig. 6 – A sample of velocity readings taken by the Vectrino II during another testing campaign

The wave energy from physical modelling can be used to validate a numerical model.

Conclusions
• High resolution surface elevation data was collected around a WEC array however
this is not comparable to a Spectral Wave model
• It has been suggested that wave energy may be a more suitable validation
parameter
• Physical modelling is being conducted to collect surface elevation and velocity data
to calculate wave energy, which will be used to validate a numerical model
• A validated numerical model could be used to predict other important parameters
about the array such as reflection and transmission coefficients
Fig. 3 – A sample of results from the physical modelling
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Discussion
Diffraction is apparent in all results. In Array 1 we can see a distinctive pattern of
constructive and destructive interfaces which relate to phase-locking. This pattern
relates to the incident wavelength to width of spacing ratio. When this ratio is equal
to or less than 1, full diffraction occurs in the configuration spacings and a more
distinctive pattern occurs in the shadow zone of the array. This is evident in Array
2 where the spacings are larger but the wavelength remains the same.
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