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Wave energy presents a great potential in manytaloeegions. This paper deals with WaveCat®©, a heave
Energy Converter (WEC) recently patented by thevehsity of Santiago de Compostela. First, the Wat€C
concept is presented—a floating WEC intended fterinediate water depths (50-75 m), whose prin@plenergy
capture is wave overtopping. WaveCat© consistsvofiulls, like a catamaran (hence its name); howawdike a
catamaran, the hulls are convergent so as to leavedge between them. Waves propagate into thigevadd,
eventually, overtop the inner hull sides. Overtogpivater is collected in onboard tanks and, sulesety drained
back to sea, propelling ultra-low head turbinethimprocess. The wave flume tests carried out 8D, dixed model
at a 1:67 scale are presented. Development warkgsing, including a numerical model—which is cuathg being
validated based on the results from the physicaleheand a 3D, floating physical model at a largele (1:30).
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INTRODUCTION

Given the environmental repercussions of the udessil fuels the share of renewable energy in
the total energy production ought to be increasefhst as possible. Many regions and countrielén t
world have specified renewable energy targets,280% by 2020 in the European Union, 30% by 2025
Denmark (Lund and Mathiesen 2009). In order to exghithese targets, action along two lines is
necessary: in the first place, the production efrénewable energy sources that are currently geglo
commercially (e.g. hydroelectric, wind, PV) shoddd increased; in the second place, new sources
should be developed. Among the new sources, waaggiis one of the most promising. Many coastal
regions have a substantial wave energy potentigl @ruz 2008, Iglesias et al. 2009, Iglesias and
Carballo 2009, 2010).

Wave energy may be seen as a concentrated formiraf ®nergy in that ocean waves are
generated by wind blowing over the ocean surfacavé\énergy presents a number of advantages with
respect to other C&free energy sources — high resource predictaphityh power density, relatively
high utilization factor and last, but not leastwl@nvironmental and visual impact relative to most
alternatives. With regard to tidal energy, the otlmarine renewable, there exist many more potential
locations for a wave farm than for a tidal energyemtion, as strong tidal currents occur only in a
relatively small number of areas. For these regsaase energy is widely regarded as one of the
renewable energy sources with the greatest potdéotidevelopment over the next few years.

This potential is the motivation behind the inteesefforts devoted to the development of Wave
Energy Converters (WECs). WECs transform wave gnarg mechanical energy and the latter into
electricity. Indeed, the development of efficierdliable WECS is a prerequisite for wave energy to
become a commercially viable energy source.

WECs may be classified according to three maireigat (i) location relative to the coastline, (ii)
principle of energy capture, and (iii) wave-WECeirgction. According to their location, WECs may
be: onshore, nearshore, or offshore. Onshore WE@s ugually fixed structures, and their
environmental impact is often nonnegligible. Nearsh WECs may be either fixed or floating
structures. Offshore WECs are floating devices, theit environmental impact is usually low or very
low. According to the second classification crivexj the principle of energy capture, there areethre
main types of WECSs: Oscillating Water Columns (OWG3scillating Bodies or Wave Activated
Bodies (WABSs), and Overtopping Devices (OTDs). n@WC, waves cause a water column inside a
chamber connected to the sea to oscillate, whidhrim causes compression and depression of the air
volume above the water column; these pressureticargaare used to propel a Wells turbine. WABs
are buoyant devices that are moved up and dowhybyostatic forces as waves advance. These
oscillations are used to drive an oleohydraulictesys Finally, in OTDs waves are elevated to a
reservoir above the sea level, and the energytise®d by means of low-head turbines. Finally, the
third classification criteria is wave-WEC interatio WECs may be: terminators, if the wave
transmission coefficient is (practically) zero;emtiators, if there is significant wave transmissamd
their size is of the order of magnitude of the wiamgth; and point absorbers, if there is significa
wave transmission but the WEC size is small redativthe wave length.
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THE WaveCat CONCEPT

In this context, research is under way on a nunb&/ECs. This paper deals with WaveCat®©, a
floating offshore WEC based on wave overtopping DR TOffshore in this context means intermediate
water depths, typically in the range 50-75 m. Wat@Cconsists of two hulls, like a catamaran (hence
its name); unlike a catamaran, however, the huésnat parallel to each other but convergent (Fgur
1). Waves propagate into the wedge and the conmengeer hull sides enhance wave height as waves
advance. The hull freeboard is variable, decreaingrds the stern. Eventually wave crests overtop
the inner hull sides and overtopping water is @ddd in ondeck tanks. The higher level in the tanks
relative to the sea level is taken advantage @irapel ultra-low head turbines as the water isreh@hi
back to sea.
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Figure 1. WaveCat© design.

The single-point mooring system (Figures 2, 3) eesuthat WaveCat swings when the wind and
wave direction changes. In other words, it weathees around its mooring so as to stay head to sea,
thereby ensuring that the incident waves propagdtethe wedge formed by the convergent hulls.
Given the large displacement of WaveCat, the deidcmoored to a catenary-buoy using a CALM
configuration (Catenary Anchor Leg Mooring).

PHYSICAL MODELLING

Physical model tests were conducted in the wavendlwf the University of Santiago de
Compostela (Figure 4). The flume dimensions aran2(ength) x 0.65 m (width) x 1.5 m (height).
Wave generation is conducted by piston-type paddie.wave generation system is equipped with the
AWACSO system for absorbing reflected waves.
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Figure 2. Mooring system (plan view).
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Figure 3. Mooring system with CALM configuration (v ertical section).

For the physical model tests a 3D fixed model waedu Taking advantage of the design
symmetry, only one of the hulls was modelled. Thatqgtype dimensions were 90 m (length), 12 m
(breadth) and 12 (hull height), and the model seads 1:67. The physical model was constructed in

methacrylate for enhanced visibility (Figure 5).

A pumping system was installed in the model (FiglyeFor reasons of space within the model,
and taking into account the preliminary nature hefse tests, it was decided to install a single pump
rather than three, so the internal bulkheads s@pgrthe three tanks in the initial model (Figure 5
were suppressed and the model was left with aesiagie tank. When, in the course of a test, water
the tank reached a certain (maximum) level, theppatarted automatically and emptied the tank or, to
be more precise, drew water from it until a certamnimum) level was reached. The pumping rate
was calibrated prior to the actual tests. This pogsystem allowed to carry out tests with a large

number of waves.



Figure 4. Wave flume at the University of Santiago =~ de Compostela.

Figure 5. Methacrylate model of one hull (initial d  esign).

Figure 6. Physical model in the wave flume with pum  ping system.

The laboratory setup comprised eight wave gauges.fifst four gauges (WG1, WG2, WG3, and
WG4) were placed in the flume centerline. WG5 an@6Mvere placed adjacent to the model front
wall. WG7 measured the water level in the modekitdtinally, WG8 was located in the lee of the
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model, in order to measure wave transmission. ©hation of the four wave gauges WG5-WGS8 is

shown in Figure 7. In addition to the signals frahese wave gauges and the wave paddle, the
electronic signal indicating the operation or ottiee of the pumping system was available. At the

downwave end of the flume a dissipating ramp witliogpe of 1:10 was set up so as to minimize wave
reflection (Figure 8). Prior to installing the W&at model in the flume, a series of tests were

conducted to measure the performance of the wasspdition ramp under different wave conditions.

The reflection coefficient in terms of wave heighiss in all cases under 0.1.

WG8

Figure 7. Experimental setup in the model area, sho  wing the position of wave gauges WG5-WGS8. [Plan vie w
(above) and lateral perspective (below)].
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Figure 8. Wave dissipation ramp at the downwave end of the flume.

From the point of view of wave energy capture, thein parameter obtained from each test was
the average overtopping rate. Based on this, offaameters could be computed: the average
overtopping rate per unit length, nondimensionatrtopping rate, and power. The main purpose of
these physical model tests was to study the varniadf the average overtopping topping for several
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wave conditions and for different values of thressib design parameters. The design parameters
varied in the tests were: the freeboard, the daait, the semi-angle of convergence between the. hull
(Naturally the first two parameters, freeboard andft, varied concurrently). As regards the wave
conditions, both regular and irregular waves wesedu For regular waves, seven different wave
conditions were used; wave height was varied betv&d m and 7 m, and wave period was varied
between 10 s and 17 s. For irregular waves, theSYWAP spectrum was used. In total, nine different
irregular wave conditions were used. They were eggmtative of typical sea states in Galicia, NW
Spain, based on the study by Iglesias et al. (20099 significant wave height ranged between 2 m
and 7 m, and the peak period varied between 1@ d@rs. For illustration, results from a regulad an
an irregular wave experiment are presented in Eg@rand 10, respectively.

CONCLUSIONS AND FUTURE WORK

WaveCat®©, an international patent of the Universitgantiago de Compostela, is a floating WEC
based on wave overtopping and intended for offstamations (50—75 m of water depth). It presents a
number of advantages relative to other WECSs. Figt, to its floating nature and its offshore lozati
its environmental impact is lower than other WECGS&cond, its moving parts are simple and well-
proven: ultra-low head turbines (and the correspandenerators). This constitutes a major advantage
from the point of view of reliability—a key aspdor economic viability—relative to other WECs that
involve complicated mechanical parts moving witltheavave. Third, with respect to other floating
WECs based on wave overtopping, the major advaraby¥aveCat© is that it collects overtopping
water along the inner boards of the hulls, henoaglthe direction of wave advance—rather than at a
ramp perpendicular to the wave direction. For tieigson, it may be expected that its motions as a
floating body in the presence of waves (especigiligh or heave) will affect the point along the Ihul
where overtopping begins, but not so much the oppihg volume itself as in the case of other WECs.
It is expected that this advantage will be borne fouthe physical and numerical experiments of a
floating, 3D model to be carried out in the nedufe.
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Figure 9. Water level in the tank (above, wave gaug e WG7) and wave runup at the WaveCat front wall (mi  ddle
and below, wave gauges WG5 and WG6, respectively) d  uring a regular wave test.
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Figure 10. Water level in the tank (above, wave gau ge WG7) and wave runup at the WaveCat front wall
(middle and below, wave gauges WG5 and WGB6, respect ively) during an irregular wave test.

In this work, a 3D, fixed physical model of one tfe two hulls—taking advantage of the
symmetry of WaveCat©—was constructed and tested mave flume under regular and irregular
waves (16 different wave conditions in total). leddion to the wave conditions, three main design
parameters were varied in the tests: freeboardt, drad semi-angle of convergence.

The development of WaveCat© is an ongoing work,hwivo parallel lines of action: the
development of a numerical model and the preparataalization, and analysis of physical modelstest
on a floating model at a larger scale (1:30). Tdmuilts from the physical model tests carried outso
on the fixed model are being used for the desiga 8D, floating physical model at a larger scale
(1:30), to be tested in a wave tank. In addititwe, tesults are being used for calibrating and sl
a numerical model—a Volume-of-Fluid model that sslvthe Reynolds-Averaged Navier-Stokes
(RANS) equations.
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