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This paper studies the nonlinear dynamic response of the bottom-hinged oscillating wave surge converters (OWSCs) based
on both the frequency-domain and time-domain methods under regular waves. The linearizations of nonlinear stiffness,
drag moment, and power takeoff (PTO) frictional moment were applied in the nonlinear frequency-domain analysis. The
numerical results of the pitch amplitude in study cases compared well with the published experimental data. The nonlinear
items cannot be neglected, especially when the pitch amplitude grows up to 30�. Surface-piercing OWSC can capture more
power than the same-sized fully submerged one in most wave conditions. The moderate increase of the PTO stiffness for a
thin OWSC helps to enhance the peak of efficiency. A proper PTO damping helps to maximize the efficiency for peak energy
conditions. The PTO friction can significantly reduce the efficiency at the whole wave period range, whereas the maximum
influence of the viscosity occurs at the resonant wave period.

INTRODUCTION

A bottom-hinged oscillating wave surge converter (OWSC) is
a nearshore device with the operation principle of moving back
and forth like a flap in the waves to absorb wave energy. Babarit
et al. (2012) showed that the bottom-hinged OWSCs were able
to capture more mean annual power than most other wave energy
converters (WECs)—in particular, heaving floaters. Budal’s upper
bound (Budal and Falnes, 1982) explained that the maximum cap-
tured wave power of the bodies oscillating in surge or sway was
double that of the axisymmetric heaving bodies.

The bottom-hinged OWSC can either be fully submerged or
pierce the water free surface. The most well-known devices, be-
cause of their advanced stage of development, are the WaveRoller
and the Oyster, which are illustrated in Fig. 1 (Cheng et al.,
2019). The Finnish company AW-Energy has been developing
WaveRoller technology since 2004. Oyster was being developed
in the early 2000s by Aquamarine Power Ltd. in cooperation with
Queen’s University Belfast. The main difference between them
is the position of the top edge, which is fully submerged for
WaveRoller and pierces through the water surface for Oyster.

The hydrodynamics of bottom-hinged OWSCs have been
studied experimentally, analytically, and numerically by several
authors in recent years. Folley et al. (2007) and Whittaker and col-
leagues (Whittaker et al., 2007; Whittaker and Folley, 2012) doc-
umented several studies on bottom-hinged OWSCs for the devel-
opment of the Oyster, and they highlighted the effects of water
depth on the maximization of the hydrodynamic efficiency and
noted that the importance of viscous effects is far from negligible.

Renzi and Dias (2012, 2013a) developed a semi-analytical
model for the analysis of the bottom-hinged OWSCs in a chan-
nel and the open sea. Renzi et al. (2014a) investigated the inter-
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Fig. 1 Conceptual graph of WaveRoller (left) and Oyster (right)
(Cheng et al., 2019)

action of a finite array of OWSCs and monochromatic waves.
The above works were solved only in frequency-domain analy-
sis, which assumed a constant hydrostatic restored stiffness and
ignored the viscous drag moment without considering the friction
induced by the power takeoff (PTO) system.

For comprehensive consideration of various nonlinear effects,
the nonlinear numerical simulation method should be adopted.
Rafiee et al. (2013) adopted a smoothed particle hydrodynam-
ics (SPH) method to study wave loads on an OWSC and also
conducted relevant model tests by using small-scale models and
validated the numerical solutions. A study by Wei et al. (2015)
used Fluent to model the wave interaction with a surface-piercing
OWSC, including the wave elevation as well as the spatial and
temporal pressure distribution on the flap surface. Loh et al.
(2016) used OpenFOAM with two-dimensional (2D) and three-
dimensional (3D) methods to model the fully submerged OWSC
and calibrated with the experiments. These methods can take
almost total nonlinearity into account but with the significant dis-
advantage of inefficient computation.

The present paper focuses on the comprehensive nonlinear
behavior with highly efficient calculation in three-dimensional
hydrodynamics of the bottom-hinged OWSCs, including fully
submerged and surface-piercing ones. As shown in Fig. 2, depen-
dent on the draft depth and the pitch amplitude, the motions of
OWSCs can be classified as three distinct modes:

• Mode 1: fully submerged always, in which the flap can be
always hidden below the water surface
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