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Abstract—Hydro-kinetic cross-flow tidal turbines
(CFTT) are omni-directional and offer higher area-based
power density compared to horizontal-axis tidal turbines,
making them very attractive for tidal energy exploitation.
However, the rotating motion around the vertical axis
results in continuously varying angles of attack, causing
alternating loads, which may lead to fatigue failure and
structural damage. The OPTIDE Project addresses these
challenges by implementing intracycle blade pitching
to individually control the angle of attack, increasing
the power coefficient CP and reducing structural loads.
For this purpose a Darrieus turbine is designed with
embedded actuators in each blade. Firstly a blade shape
optimization will be conducted to fit the actuator at the
quarter-chord position while ensuring sufficient thickness.
The optimization procedure couples Computational Fluid
Dynamics (CFD) with a Genetic Algorithm. The employed
optimizer OPAL++ sets ten variables for each individual,
which describe the hydrofoil shape, length and tip speed
ratio (TSR). A smooth hydrofoil shape is generated from
the variables, followed by an automatic mesh generation.
Subsequently, numerical simulations of each individual at
the desired TSR are conducted, while keeping the blade
pitch angle constant. Simulation results provide the CP
and stress acting on the turbine blades, which are the two
optimization objectives (maximize CP while minimizing
stress). This process is repeated during the optimization,
aiming to determine the most suitable blade shape, that
fits the actuator, and operating point (TSR) in a trade-off
between CP and structural loads. This will lead to the
increase of efficiency and a longer turbine lifetime.

Index Terms—Cross-flow tidal turbine, active variable
pitch, optimization, CFD

I. INTRODUCTION

IN order to reduce the emissions of greenhouse gases
and thus mitigate the climate change, a transition

from fossil to renewable energies is urgently needed.
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Among the wide range of renewable energies, includ-
ing solar, wind and hydropower, the latter stands
out for its ability to remain unaffected by short-term
weather changes and can thus be a reliable energy
source. Conventional hydropower has made a notable
contribution to the generation of renewable energies
by covering up to 4476 TWh of the world wide energy
consumption in 2020 as stated in the renewable energy
statistics 2022 from the International Renewable Energy
Agency (IRENA) [1]. Nonetheless, in order to harness
the potential energy of the water, typical hydroelectric
power plants require a sufficiently large hydraulic
head, commonly achieved by using supporting struc-
tures such as dams, which impact the local ecosystem
by creating a barrier in natural waterways. Besides
this, most of the global locations are already being
exploited, making it difficult to expand the energy
production using conventional hydropower [2].

Recognizing the aforementioned limitations of con-
ventional hydropower, research has been focusing on
alternative solutions such as harnessing the vast poten-
tial of ocean energy. Analyses of IRENA project that
until 2030 up to 10 GW of ocean energy could be
installed worldwide [3]. Nevertheless, as of 2022 the
installed capacity of marine energy corresponded to
only 524 MW [4], showing the significant potential in
the ocean energy field.

The sector of ocean energy can be classified by
the various technologies, including tidal barrage, tidal
stream and wave energy, among others. Of these, tidal
barrage is the most commonly employed technology,
followed by tidal stream, as stated by IRENA 2020 [3].
The tidal barrage technology captures the potential
energy created by the difference in height between
low and high tide and must therefore be built close
to the coasts, limiting the number of possible sites
worldwide. Another drawback of this technology is
that, similar to conventional hydropower, additional
supporting structures are required, resulting in greater
environmental impacts. Compared to this, in a similar
manner to wind turbines, the tidal stream technology
only uses the kinetic energy of the tidal current, and
can therefore be positioned in open waters without
needing extensive additional structures, making them
more environmentally friendly and additionally raising
the local acceptance as it may be perceived as less
disruptive by the local population (Holzman 2007 [5]
and Müller et al. [6].

These hydro-kinetic tidal turbines are usually catego-




