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A CFD Approach to Modeling Wave-Current Interaction
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A numerical wave channel for the simulation of realistic offshore conditions is presented. The methodology combines a
nonlinear wave model with a Volume of Fluid calculation to generate an unsteady sea state. A simulation strategy that focuses
on capturing wave-current interaction is introduced and is validated with respect to fluid particle kinematics. Finally, a case
study is presented that evaluates the flow field of a nonlinear wave simulated in combination with a nonuniform current.

INTRODUCTION

Numerical methods based on Computational Fluid Dynamics
(CFD) are powerful tools to gain access to complicated flow fields
encountered in offshore engineering. Due to their complexity,
these methods are only slowly finding application in the indus-
trial design of offshore structures, especially in regard to free-
surface wave simulations. Paterson (2009) analyzed ship motion
and seakeeping ability of water crafts using numerical methods.
The main focus of the study was however on the near-surface
region of the domain and the modeling of floating structures. Off-
shore wind turbine foundations were analyzed in a CFD study
carried out by Bredmose and Jacobsen (2010) with special con-
sideration of wave-breaking effects. In addition to the simulated
wave scenarios presented in these papers, tidal stream generators
are subjected to an underlying current. This paper analyzes com-
bined wave-current scenarios with a special focus on capturing
their interaction and the modified fluid kinematics. This is particu-
larly difficult when the flow becomes rotational, as is the case for
nonuniform ocean currents simulations. Under such conditions,
some fundamental assumptions underlying established wave theo-
ries commonly used for offshore applications are violated. In this
paper, a methodology is presented that overcomes this problem
by capturing the interaction within a CFD simulation. It is shown
that this allows for a utilization of a well-established and thor-
oughly validated irrotational wave model in combination with a
nonuniform current.

In order to evaluate the capabilities of the wave channel to
accurately model realistic conditions throughout the water col-
umn, the proposed methodology is validated with respect to fluid
particle kinematics developing in the computational domain. In
addition, an example for a realistic offshore simulation is provided
to demonstrate the importance of accounting for the modification
of the flow field due to wave-current interaction when designing
tidal stream generators. Further information on the subject is pro-
vided by Markus et al. (2012).

NUMERICAL WAVE CHANNEL

The basic principle of the wave channel is to describe fluid
particle kinematics by simulating a physical flow field based
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on the numerical solution of the Navier-Stokes equations. Using
the Finite Volume Method (FVM), the fluid velocities and pres-
sure are calculated as part of an extensive CFD simulation. The
complexity of the transient fluid flow encountered at offshore
sites calls for a methodology that is capable of describing high
Reynolds numbers turbulent flows at manageable computational
costs. This can be achieved by retaining the rate of change of
the fluid properties in the Reynolds-averaged Navier-Stokes equa-
tions, referred to as unsteady RANS. The averaging operation of
the RANS equations gives rise to Reynolds stresses, which are
modeled in the numerical wave channel using the k-� SST tur-
bulence model, as proposed by Menter (1993).

Gravity waves are characterized by orbital fluid particle paths.
The vertical velocity oscillations can only be simulated real-
istically if a physical wave profile is captured throughout the
water column. This is achieved using the Volume of Fluid (VOF)
method proposed by Hirt and Nichols (1981), thus including a
free surface of the water phase.

The nonlinear wave model introduced by Fenton (1988) is
incorporated into the numerical wave channel. It is based on the
stream function approach introduced by Dean (1965) and was
found to perform well in comparison to laboratory wave studies,
as analyzed by LeMéhauté et al. (1968) and extended by Dean
(1974). The applicability of the Fenton model to the domain of
both Stokes and Cnoidal theory, as well as the overall perfor-
mance of the stream function approach, allow for the generation
of a wide spectrum of realistic offshore conditions.

In the proposed virtual wave channel, the introduced concepts
are combined into a numerical simulation tool capable of captur-
ing relevant marine environments for the design of efficient off-
shore structures. The basic concept is to apply velocity and phase
information calculated with the Fenton model as boundary condi-
tions to the momentum and phase transport equations. These are
then combined with the continuity equation as well as transport

Fig. 1 Fluid velocity distribution in numerical wave channel




