Performance Evaluation of a Floating
Power System for the Galway Bay Wave
Energy Test Site
Bret Bosma, Wanan Sheng, Florent Thiebaut
Oregon State University / University College Cork

Introduction

RAO Results

The Galway Bay wave energy test site in Ireland promises to be a vital
resource for wave energy researchers and developers. The site provides the
benefit of real sea testing facilities in a relatively benign environment with a
wave climate that is approximately one quarter scale of North Atlantic
conditions due to local wind seas. Specifically, the site will be a key midpoint
for transitioning wave energy converter devices from wave tank testing, to
operation in the open ocean, and is currently under development.
Rendering of the Galway Bay ¼ scale Wave Energy Test Site

Floating Power System
The 1:25 scale model of the FPS has a diameter of 200mm, overall height of
90mm and a draft of 30mm. Construction of the model was done with a
thermoplastic polycarbonate material, sealed, and painted. It has a mass of
766.4 g without the mooring lines attached. The centre of mass is located
approximately 29 mm above the water line. The figure below shows the
scaled FPS in the wave basin. The markers shown are for the optical
tracking system.

FPS RAO response comparison between the numerical model and physical
model testing.

Map of the Galway Bay ¼ scale Wave Energy Test Site
As part of the development of this site, a floating power system (FPS) is
being developed to provide power and data acquisition capabilities, including
its function as a local grid connection, allowing for the connection of up to
three wave energy converter devices. It will be capable of sourcing and
sinking power for these devices. This will allow the developers to focus on
their technology, avoiding the need to conduct electrical integration on the
load side and alleviating the need for a cable to shore. However, there are
still many unknowns, especially regarding the mooring and electrical
umbilical systems which need to be investigated before implementation.
In this work, numerical modelling and scaled physical modelling is
undertaken with the goal of understanding the equipment and environment
at the test site. This will help to inform the site development and assist
device developers preparing to test their device at the facility.

Numerical Modeling
Numerical modelling was undertaken with the intention of recreating the
conditions present in the scaled testing of the Galway Bay site. For this
study, ANSYS AQWA was used to perform the numerical analysis. AQWALINE was used for wave diffraction and radiation analysis, AQWA-LIBRIUM
was used for equilibrium and stability analysis, and AQWA-NAUT was used
for non-linear analysis in the time domain. The figure below shows the
geometry setup of the simulation.

1:25 scale FPS in the National Ocean Energy Test Facility at Beaufort
Research

OWC RAO response comparison between the numerical model and physical
model testing.

Oscillating Water Column
To test the FPS structure in a realistic scaled environment, a representative
prototype WEC was designed and deployed alongside the FPS. A generic
OWC type device was chosen and although it was not optimized, it
represented a device that could be tested at the final facility. The scaled
model has an external width of 300 mm, total height of 600 mm and a draft
of 400 mm. The main body is constructed from thermoplastic polycarbonate
and the float section from high density polyurethane foam which was sealed
with a pattern-coat primer. The centre of mass is 122 mm below the water
line. The body has a mass of 4836 g without the mooring lines attached.
The figure below shows the scaled OWC in the wave basin. The centre rod
was used to measure the internal water surface elevation within the OWC
chamber. A pressure sensor was used to measure the pressure inside of the
chamber. The orifice in the top of the chamber had a diameter of 25mm.

FPS Mooring RAO response comparison between the numerical model and
physical model testing.

Conclusions
Scaled model testing of the FPS and OWC was conducted at the National
Ocean Energy Test Facility at Beaufort Research. Results characterizing the
device response in benign and extreme conditions were obtained. Based on
the results of these tests, the numerical model will be refined and further
tests informed. This research will continue with testing at the Plymouth
University COAST wave lab at 1:10 scale. Comparison of results at different
scales, testing of additional mooring configurations, and improved numerical
comparisons will be outputs of this continued research. Ultimately, the
results of these tests will influence the final implementation of the Galway
Bay Wave Energy Test Site.
Numerical Model geometry, mooring, and umbilical setup

Wave Basin Testing
Testing was conducted in the wave basin at the National Ocean Energy Test
Facility at Beaufort Research, Cork Ireland July 16 – August 19th 2014. This
facility has wave tank dimensions of 17.2 m width and 25 m length. The
water depth is fixed at 1 m. The ocean wave generator is a flap type, with 40
individually controlled paddles allowing for a broad range of wave generating
capabilities including regular and irregular single direction waves as well as
spread spectrum waves.

1:25 scale OWC in the National Ocean Energy Test Facility at Beaufort
Research

FPS & OWC Mooring Systems
The mooring for both the FPS and the OWC are a traditional three point
catenary mooring system. Future tests are planned to compare a compliant
taut mooring system to the catenary system. For both setups, the mooring
line length was 3 m and angle between the lines were 120°. The anchor
points were placed 2.6 m from the body center in plan. Scaled metal chain
was used for both models.
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