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Abstract

2.

This paper presents the last developments of a
three-dimensional numerical tool used to model
both the performance and the wake of marine
current turbines. The numerical tool developed at
the LOMC laboratory (Le Havre, France) consists
of a Lagrangian mesh-free particle method (Vortex
Method), in which vortical particles are emitted at
the trailing edge of the blades and convected in the
wake of the turbines. Results on a single turbine are
presented and compared to experimental data. In
order to point out the interaction effects between
turbines, computations on multiple devices are also
carried out.
A focus on a twin devices configuration is
presented, for which the turbines are aligned with
the flow direction and comparable experimental
data are available. The last results obtained on this
configuration are shown with a particular attention
on how the efficiency and the wake of the turbines
can be influenced by the interaction effects. These
results will be helpful for the future modelling of
more complex turbine arrays.
Keywords: Marine current turbines,
numerical modelling, Vortex Method.

1.

horizontal

Numerical method

Our software is based on a particle method described
in detail in [1]. The modelled equations are the NavierStokes equations in their velocity-vorticity formulation:
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where is the velocity of the flow,
denotes
the vorticity and the molecular viscosity.
The velocity field is decomposed thanks to the
Helmholtz decomposition as follows:
(3)
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where
is a uniform, constant velocity component
that represent the upstream current,
is the rotational
component that represents the vortical wake and
is
a potential component that issues from the presence of
the rotor in the flow.
The rotor is discretised into
surface elements with
normal dipoles
that ensure a slip condition on the
solid boundaries. The flow is discretised into
particles . The discrete potential component is then
given by
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where is any point of the fluid domain and
is the
centre point of the k-th surface element. The discrete
rotational component is obtained thanks to the BiotSavart law:
∑
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Introduction

The deployment of marine current turbine arrays will
depend on the interaction effects between the turbines.
Although some experimental studies were carried out,
there is a need for numerical tools in order to model
complex turbine farms that cannot be reproduced in
flume tanks. In this effort, we present our 3D numerical
tool.
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is the vortical weight of particle

denotes the regularised Biot-Savart kernel:
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Table 1 gives the general description of the
considered horizontal axis marine current turbine
model, referred to as the IFREMER-LOMC turbine.
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Description
Blades profile
Rotor radius (
Hub radius
Hub length
Rotation
Reynolds (Re

)

)

IFREMER-LOMC
NACA 63418
350 mm
46 mm
720 mm
Anticlockwise
280,000

Table 1: General description of the turbine.

3.

Validation
The power coefficient
and the thrust coefficient
of a turbine are given by, respectively:
(7)
and
,

where
and
denote the axial moment and force,
and is the rotation speed of the turbine. Fig. 1 shows
the validation of our numerical tool in terms of
and
thanks to experimental data obtained in the
IFREMER flume tank [2]. The difference from TSR=3
results from the fact that our numerical tool cannot take
flow separation yet into account.

Figure 2: Efficiency (top) and thrust ratio (bottom) as
functions of for TSR=3.67.

5.

Conclusion and prospects

Interaction effects were highlighted and well
reproduced by the numerical tool, previously validated
on a single turbine. Future work will focus on taking
flow separation into account and on the modelling of
more complex turbine farms (cf. Fig. 3).

Figure 3: Prospective modelling of a large turbine farm.
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Figure 1: Power (top) and thrust (bottom) coefficients as
functions of the TSR.

4.

Interactions

We investigate the case where two turbines are
aligned, one behind the other, with the current. The
distance between the turbines is denoted by . We
⁄
define a kind of efficiency
and
⁄
the thrust ratio
. Fig. 2 shows
their evolution as a function of the distance and for
TSR=3.67. The slopes are very similar and the offset in
the
curve is due to the fact that the
is overevaluated when TSR is higher than 3. Note that those
are preliminary results with a rather coarse
discretisation (
) but they are promising for the
future computation of finer simulations.
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