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Mathematical modelling of wave energy converters
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Ocean waves is an abundant, promising source of unexplored renewable power. There are
hundreds of ongoing wave power projects all over the world, where engineers are striving after
development of a feasible, reliable and effective energy conversion technology. Despite all the
attempts, wave power is not a mature area yet.

Mathematical (analytical and numerical) modelling is an intrinsic part of an engineering
design process preceding any experiments, and development of an adequate modelling method
plays an important role in the technology development. Current approach to wave energy
conversion modelling usually involves (a) the linear wave theory for body-structure interaction
and (b) is often implemented for an unconstrained body motion, which is not physically realistic
and tends to overestimate the power output and underestimate the forces imposed on the device.

Motion of a wave energy converter can efficiently be modelled using a non-linear numerical
wave tank using the Reynold-averaged Navier-Stokes equations for a single mixture of air and
water. Volume of fluid (VOF) method can be used to track the liquid-gas interface.

The electromagnetic damping force Fpto is the Lorentz force in the generator. It can be
determined by

Fpto = `Ī × B̄

where Ī is the current in the stator windings exposed to the magnetic field B̄, and ` is the
conductor length. The magnetic filed B̄ and current Ī in the windings can sufficiently be found
using the Maxwell’s equations.

Current numerical methods are able to sufficiently solve these two problems independently,
and it has been widely used in the wave power applications. Indeed, the problem can be solved
consequently: hydrodynamical part and then electrodynamic part of the problem. For certain
generic applications, this method works rather well, if the sea conditions are moderate. However,
this approach is not suitable if extreme forces, active control or motion/velocity constrains are
considered.

The project aims to develop a new simulation method for wave energy converter modelling
which will solve simultaneously two groups of partial differential equations, namely the Navier-
Stokes equations and Maxwell’s equations. Both equations are defined in different domains
and satisfy different boundary conditions. However, the major issue is a coupling between the
equations, i.e. as a wave energy converter operates in sea water its motion is affected by the net
force acting on it, including the electromagnetic forces. On the other hand, the electromagnetic
forces in the generator depend on the device motion. An initial approach can be to use a verified
and appropriate generator model to implement it into a CFD code.

The successful candidate will develop skills in the following areas: electrical and mechan-
ical engineering, electrodynamics, hydromechanics, computer science and mathematics. Firstly,
the project has a direct engineering application and the modelling tool can be applied to de-
sign a new wave energy converter design which is possible to test in small scale as well as
in an offshore conditions (the Lysekil test site at the west coast of Sweden). Secondly, the
candidate will develop skills in hydrodynamics, namely wave–structure interaction including
non-linear modelling, and electrodynamics applied to generator modelling and control. Thirdly,
the project is based on finding solutions to two groups of the PDEs: the Navier-Stokes equations
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and Maxwell’s equations. Solving these PDEs (semi)analytically and numerically requires good
skills in programming and knowledge in mathematics.

The applicant should have a university degree at MSc level in engineering, mathematics,
physics or computer science. A good knowledge in mathematics and physics as well as pro-
gramming skills (Matlab, C/C++ or FORTRAN) is required. A strong motivation and ability
to work independently is desirable, and good verbal and written skills in English are required.
Knowledge and experience in CFD, FEM and electrical engineering, as well as experience in
experimental work, are considered merits.
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