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Numerical Studies of Green Water Impact on Fixed and Moving Bodies
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A numerical time domain simulation model has been developed to study green water phenomena and its impact loading
on structures. In this model, a volume-of-fluid (VOF) technique is used to capture the violent free-surface motion. The
incompressible Euler/Navier-Stokes equations, written in an arbitrary Lagrangian-Eulerian (ALE) frame, are solved using
projection schemes and a finite element method on unstructured grids. Numerical simulations of green water problems
carried out in this study include: green water overtopping a fixed 2D deck; green water impact on a fixed 3D body with or
without a vertical wall on the deck; and green water impact on the deck and deckhouse of a moving floating production,
storage and offloading (FPSO) model. Numerical results obtained using the present model are compared with experimental
measurements for each case; and very good qualitative and relatively good quantitative agreements are obtained. The present
numerical model can be used for simulating green water effects.

INTRODUCTION

The green water problem has been known in the maritime world
for a long time. Ships as well as offshore structures can suffer
serious damage due to green water impact loading. In the off-
shore industry, for instance, severe green water is of considerable
concern to the stability and survivability of a floating production,
storage and offloading (FPSO) unit. Structural damages caused
by green water to the superstructures of FPSO units in the field
have been reported (e.g., Buchner, 2002; Veldman, 2006). It is
of great importance to develop a reliable prediction method to
investigate this problem. Over the years, a number of experimen-
tal and numerical studies of the green water behavior and impact
on different bodies have been carried out (e.g., Buchner, 1995a
and b, 2002; Ogawa et al., 2000; Cox and Ortega, 2002; Faltin-
sen, 2002; Pham and Varyani, 2003, 2004 and 2005; Greco et al.,
2004; Shin, 2005; Yamasaki et al., 2005; Ryu et al., 2007; Hu and
Kashiwagi, 2007; Liang et al., 2007; Lee et al., 2009; Hu et al.
2010). Some success has been achieved, but further investigation
is needed. In general, it is still a challenge to model and investi-
gate green water problems experimentally and/or numerically to
gain a quantitative understanding of the problems. The difficulty
is mainly due to the fact that the green water is associated with
the violent free-surface motion and the resulting highly nonlinear
wave-body interactions. It is very difficult to measure green water
and its impact pressure in laboratory and field, and very difficult
to simulate and predict them numerically.

The computation of highly nonlinear free-surface flows is dif-
ficult because neither the shape nor the position of the inter-
face between air and water is known a priori; on the contrary, it
often involves unsteady fragmentation and merging process. There
are basically 2 approaches to compute flows with free surface:
interface-tracking and interface-capturing methods. The interface-
tracking method computes the water flow only, using a numeri-
cal grid that adapts itself to the shape and position of the free
surface. This method can not be used if the interface topology
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changes significantly (e.g., overturning or breaking waves). On
the other hand, the interface-capturing method considers both flu-
ids as a single effective fluid with variable properties; the inter-
face is captured as a region of sudden change in fluid properties.
The interface-capturing methods based on the Eulerian approach
require no geometry manipulations after the mesh is generated
and can be applied to interfaces of a complex topology such as
overturning or breaking waves.

As the objective of this study is to model the highly non-
linear free-surface flows associated with the green water phe-
nomenon, one of the most promising interface-capturing methods,
the volume-of-fluid (VOF) method is adopted in this study. In
the VOF method, only one value (the volume fraction of water)
needs to be assigned to each mesh cell, and only a scalar con-
vection equation for the volume fraction needs to be solved to
propagate the volume fractions through the computational domain.
The VOF method was first reported in Nichols and Hirt (1975),
and more completely in Hirt and Nichols (1981). This method
has been improved in several aspects in recent years (e.g., Scar-
dovelli and Zaleski, 1999) and used to simulate breaking waves
(e.g., Chen and Kharif, 1999; Biausser et al., 2004); the green
water effect (e.g., Fekken et al., 1999; Huijsmans and van Grosen,
2004); sloshing (e.g., Rhee, 2005; Yang and Löhner, 2005); and
highly nonlinear wave-body interactions (e.g., Yang et al., 2006a;
Yang et al., 2006b, 2007). In summary, the VOF method can be
used in the direct simulation of the flow due to green water on
deck, including free-surface deforming, wave breaking, and wave
turnover and merging.

In this study, a single-phase VOF method is presented together
with a coupling of an unstructured grid based on the Euler/Navier-
Stokes finite element solver to model highly nonlinear wave-body
interactions. A steep regular wave is generated using either a flap-
type or a piston-type wave paddle (moving the left wall of the
domain with a sinusoidal excitation). A fixed grid is used that
covers the space occupied by both the water and the air phases.
An extrapolation algorithm is developed for obtaining the pressure
and velocity in the air region. The surface nodes of the body (ship)
move according to the prescribed motion for the moving body
case. The surface nodes of the so-called wavemaker plane move
according to the prescribed motion for the wavemaker. Approxi-
mately 30 layers of elements close to the wavemaker plane and
the body (ship) are moved to reduce mesh distortion, and the




