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Numerical Simulation of Diffracted Wave by Vertical Cylinder Using VOF Method
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This paper presents numerical simulations of a diffracted wave around a bottom-mounted circular cylinder using the
volume-of-fluid (VOF) method. Unsteady incompressible Navier-Stokes equations are solved based on the finite volume
method (FVM) with a collocated variable arrangement. The SIMPLE-type correction algorithm with the momentum inter-
polation method is applied to solve Poisson equations. Among the many variations of the VOF method is the CICSAM
(Compressive Interface Capturing Scheme for Arbitrary Meshes) scheme. To verify the availability in 2-phase flow simula-
tions of the developed numerical code, dam-breaking and sloshing problems are investigated. The simulation results show
good agreement with existing experiments in both flow pattern and global force. Before the numerical simulation of 3D
diffraction problems, the wave is tested in a numerical wave tank. In this study, we introduce a buffer zone for efficient
wave-making and damping; in the buffer zone, the near-field solution is gradually changed to the known incident wave at
the far field. Second-order Stokes waves are well simulated in this wave tank. Finally, a diffracted wave by vertical circular
cylinders is numerically simulated. The wave-induced forces and run-ups around the cylinder are compared with potential
flow solutions based on the finite element method (FEM). Agreement between the 2 numerical solutions is fairly good.

INTRODUCTION

The diffraction problem for offshore structures is of great
importance for estimating wave-induced loads and run-ups. Over
the past few decades, a lot of research has focused on nonlin-
ear wave interaction with offshore platforms using 2nd-order or
fully nonlinear wave diffraction models based on potential theory.
Although potential-based numerical methods provide useful engi-
neering solutions, they still have some limitations and numerical
stability problems for strongly nonlinear wave-body interaction
problems. Thus, direct CFD (computational fluid dynamics) sim-
ulation methods based on Navier-Stokes or Euler equations have
become a complementary tool for the extreme nonlinear wave-
body interactions. Yang and Loehner (2006) showed highly non-
linear wave-body interaction simulations such as slamming and
green water using the finite element method (FEM) and volume-
of-fluid (VOF) methods with an efficient extrapolation algorithm.
Hu et al. (2010) also showed the 3D computation of strongly non-
linear wave-ship interaction problems based on the CIP method.
Monroy et al. (2009) presented Reynolds Averaged Navier-Stokes
(RANS) simulations of ship motions in regular and irregular head
seas incorporating with potential-based incident waves.

The major difficulty in the numerical simulation of highly non-
linear wave-body problems is that the topology of the free sur-
face may be largely distorted, fragmented and merged. The VOF
method is one of the most popular schemes for studying 2-phase
flow problems with the free surface. In this method, computations
can be performed on a fixed grid system without an interface
tracking procedure, and the interface is captured as a part of solu-
tions while ensuring mass conservation. Among many variations
of the VOF method, CICSAM, first suggested by Ubbink and Issa
(1999), is adopted in this study because the method is applicable

*ISOPE Member.
Received April 2, 2010; revised manuscript received by the editors July

8, 2011. The original version (prior to the final revised manuscript)
was presented at the 20th International Offshore and Polar Engineering
Conference (ISOPE-2010), Beijing, June 20–25, 2010.

KEY WORDS: Diffraction problem, cylinder, finite volume method
(FVM), volume-of-fluid method (VOF), Stokes wave.

with flexibility to an unstructured grid system, and it appropri-
ately retains the transitional region between 2 fluids during the
long-time simulations.

Another issue in wave-body interaction CFD simulations deals
with wave generation and absorbing technique. In order to sim-
ulate waves accurately, a fine mesh resolution near the free sur-
face is required. In addition, since most VOF methods contain
more or less numerical dissipation, wave propagation over long
distances is still problematic. To remedy these problems, Biausser
et al. (2003) presented simulation results of wave breaking using
the coupling scheme of a VOF method and a boundary element
method. Although this hybrid scheme ensures accurate wave prop-
agation and reduces computational domain, a reflected wave from
the body cannot be treated at the matching boundaries. Since the
reflected waves from the body are generated in both the down-
stream and upstream regions, the whole solution can be contam-
inated and produce erroneous results. Thus, Kim et al. (2003)
devised a new sheme to match the incident wave at the far field
and the diffracted wave in the near field using a nonlinear poten-
tial model. In this scheme, artificial damping terms are added to
the free-surface conditions in order to accelerate the decay and
minimize the required distance of the radiation boundary. Bunnik
et al. (2008) suggested generating and absorbing boundary condi-
tions (GABC) in which solutions from the potential-based wave
generation method are used as input at the boundary of the VOF
domain. In this paper, we introduce a buffer subdomain similar
to Kim’s approach, and potential-based solutions are gradually
enforced using an artificial damping term in the buffer zone of
the VOF domain.

In this study, the mathematical model is based on 3D unsteady
incompressible Navier-Stokes equations. The governing equations
with proper boundary conditions are solved using collocated finite
volume discretization. The SIMPLE-type algorithm for pressure
correction equations is applied to ensure a divergence-free veloc-
ity field. To remedy checker-board instability in a collocated grid
system, a well-known momentum interpolation method (Rhie and
Chow, 1983) is utilized with additional correction suggested by
Choi (1999). To verify the accuracy of the developed numerical
scheme in free surface problems, dam-breaking with obstacle and


