Large scale experiments on farms of heaving wave energy converters
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The shrinking reserves of fossil fuels in combination with the increasing energy demand have
enhanced the interest in sustainable and renewable energy sources, including wave energy. In order
to extract a considerable amount of wave power, large numbers of Wave Energy Converters (WECs)
will have to be arranged in arrays or farms using a particular geometrical layout. The operational
behaviour of a single device may have a positive or negative effect on the power absorption of the
neighbouring WECs in the farm (so-called near-field effects). As a result of the interaction between
the WECs within a farm, the overall power absorption is affected. Finally, the wave height behind a
large farm of WECs is reduced (Troch et al, 2010; Stratigaki et al., 2011) and this reduction may
influence neighbouring farms, other users in the sea or even the coastline (so-called far-field
effects).

Several numerical methods have been employed to analyse the response of WECs. Boundary Element
Methods (BEM) based on potential flow have been used intensively to study the hydrodynamic
interaction of multiple oscillating bodies (near-field effects) for small computational domains. To
study far-field effects, a much larger computational domain is required. In this case, wave
propagation models are generally employed (e.g. MILDwave (Troch, 1998)).

In contrast to the quantity of numerical analysis of WEC arrays and the large body of experimental
work concerning individual or pair of WECs (e.g. Babarit et al., 2009), only a very limited number of
experimental studies of WEC arrays have been published. In the last decade, a few experimental
measurements of the response and power output of small arrays of closely-spaced heaving floats
were reported, e.g. in (Stallard et al., 2008), Supergen programme etc.

Experimental studies concerning wake effects of large WEC-farms (near-field and far-field effects)
are not available in literature. Within the HYDRALAB IV European programme, access to the Shallow
Water Wave Basin of DHI (Denmark) has been granted for the present research. The objective of
those innovative experiments is to cover the gap of experimental studies in the literature and to
determine near-field and far-field effects from large farms of Wave Energy Converters. In this
research project, the wake effects by farms composed of devices of the oscillating type (point
absorbers) are investigated for several farm configurations and various wave conditions.

The main objective of this research is to improve the understanding of wake effects and the
modification of wave conditions due to energy extraction by WEC farms. Knowledge of both the
behaviour of a single WEC affecting its neighbours (near-field effects) and the shadow effects behind
a large farm (far-field effects) including the measurement of the dimensions of the wakes, are
important for the design of a WEC-farm.

Moreover, it is essential to understand the behaviour of a ‘farm’ of Wave Energy Converters under
several wave conditions and to quantify the effect on power absorption by modifying: (i) the
distances between the WECs in a farm, (ii) the number of the WECs in a farm and (iii)) the farm
geometrical layout.
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