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Abstract 
Numerical wave models capable of incorporating 

wave-structure interactions are being developed for the 
three test sites for wave energy convertors on Ireland’s 
west coast – (1) the Galway Bay test site, (2) WestWave 
test site at Loop Head and (3) the Atlantic Marine 
Energy Test Site (AMETS) at Belmullet. The first two 
sites are in the area of water covered by NUI Galway's 
high frequency Coastal Ocean Dynamics Applications 
Radar (CODAR) system. The models will be validated 
with data from the CODAR system and wave buoys. 
Using these data, extreme wave events will be identified 
for analysis of extreme wave-structures interaction and 
design optimisation of wave energy devices. 

1. Introduction 
Waves are generated by the wind blowing over a 

large stretch of water surface, while extreme waves are 
defined as large wave events driven by strong winds. 
The geography and climatology of Ireland contributes 
to the formation of extreme wave events within Irish 
waters, particularly on the West coast of Ireland [1]. 
The annual average values of deep wave power 
resources around the globe vary between 30 and 70 
kW/m wave crest with a peak of 100 kW/m in the North 
Pacific Ocean. In Ireland, the values vary in an average 
range of 60 to 70 kW/m annually [2].  

2. Methodology 
The main aim of this research is the modelling of 

extreme wave occurrences, as such extremes could 
severely damage wave convertors. A study of extreme 
wave-structure interaction should provide useful 
guidance on the future development of wave convertor 
designs. First, a nested wave model of Galway Bay will 
be developed using SWAN [3]. This model will include 
both the 1/4-scale wave energy test site in the Bay and 
the full scale WestWave test site off Co. Clare. A 
separate nested model will be developed for the Atlantic 
Marine Energy Test Site (AMETS) at Belmullet. 
Second, a high resolution computational fluid dynamics 
(CFD) model of an experimental wave tank will be 
developed using ANSYS-CFX. The high resolution 
model will be calibrated against CODAR wave data. 
The model of the wave tank will be developed to 
incorporate the mechanics of wave-structure 
interactions and validated using wave tank experiments.  

 

3. Conclusion 
A detailed preliminary analysis of CODAR wave 

height data versus wave buoy data [4] is described in 
[5]. A good correlation between the two datasets was 
found with a root mean square error (RMSE) of 0.40m 
for significant wave height. The Galway bay nested 
model has been developed and validated against 
measured data (see Figure 1). Further analysis on model 
outputs such as wave energy power calculations will be 
determined to progress extreme wave-structure 
interaction simulations and experiments.  

 

 
Figure 1 Comparison plot between measured and modelled data at M6 
for significant wave height, Hs (December 2013). 
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