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CFD Simulation of Directional Short-Crested Waves on Jack-up Structure
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Greenwater on jack-up structures occurs when storm waves significantly exceed the air gap and slam into the jack-up
hull and its topside equipment. In the present study, a Navier-Stokes code was employed in conjunction with the interface-
capturing level-set method for the prediction of wave impact on a jack-up structure under hurricane wave conditions.
An overset grid system is employed to facilitate the simulation of complex flow around a generic jack-up structure with
3 supporting legs and simplified topside equipment. Time-domain imulation of greenwater and wave impact loads were
performed for random 3D short-crested waves based on the directional wave spectra of Hurricane Katrina. The simulation
results successfully captured the evolution of the wave crest as it propagates through the jack-up structure while exerting
impact loads on the topside equipment in its path. A detailed evaluation of 6 different extreme wave events indicates that
the greenwater impact loads are highly localized due to the short crestedness of the random 3D waves. Nevertheless, the
maximum wave impact load exerting on the entire jack-up structure is strongly correlated with the crest height of the
incident waves. The simulation results provide useful guidance for estimating the peak impact loads produced by directional
short-crested waves.

INTRODUCTION

The impact of hurricane waves on a jack-up structure is a com-
plex problem involving wave impact on a jack-up hull, and green-
water on the upper deck and topside equipment. The primary dif-
ficulty in the simulation of the greenwater phenomenon lies in the
tracking of the violent air-water interface. Both interface-tracking
and interface-capturing methods have been used to simulate vio-
lent free-surface problems such as dam breaking, tank slosh-
ing, wet-deck slamming, and greenwater on offshore platforms
or ship decks. The interface-tracking methods follow the free-
surface motions and use boundary-fitted grids which are adjusted
at each time step whenever the free surface moves. In contrast,
the interface-capturing methods do not define a sharp free-surface
boundary. The computation is performed on a fixed grid, which is
extended beyond the free surface and the shape of this free sur-
face is determined by cells that are partially filled. A variety of
numerical methods in this interface-capturing approach has been
developed over the past several decades. Three of the most com-
monly used interface-capturing methods are the marker-and-cell
(MAC) method (Harlow and Welch, 1965), volume-of-fluid (VOF)
method (Hirt and Nichols, 1981), and level-set method (Osher
and Sethian, 1988). In recent studies by Chen (2010, 2011b), the
interfacing-capturing level-set method was employed in conjunc-
tion with the finite-analytic Navier-Stokes (FANS) method for
time-domain simulation of the storm wave impact loads on a fixed
offshore platform under monochromatic waves, 2D long-crested
waves and 3D short-crested waves. The simulation results clearly
demonstrated that the directional short-crested waves are capable
of producing considerably higher impact loads than those gener-
ated by 2D long-crested waves with identical frequency spectrum
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and total energy. In the present study, the FANS method was fur-
ther extended for the simulation of a generic jack-up structure
with 3 supporting legs and 3 pieces of simplified topside equip-
ment under 6 different 3D extreme wave events with comparable
wave crest heights. This allows us to evaluate the variability of the
random 3D directional short-crested wave field and obtain a more
realistic quantitative assessment of extreme wave impact loads on
the jack-up structure.

NUMERICAL METHOD

In the present study, the Finite-Analytic Navier-Stokes (FANS)
numerical method of Chen et al. (1990) and Pontaza et al. (2005)
was employed in conjunction with an interface-capturing level-
set method (Chen and Yu, 2009; Chen, 2010) to simulate the
violent free-surface flow produced by large hurricane waves that
inundated the platform deck. The FANS method solves unsteady,
incompressible Navier-Stokes equations in general curvilinear
coordinate systems:
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where U i and ui represent the mean and fluctuating velocity com-
ponents, and gij is the conjugate metric tensor. t is time, p is
pressure, g is the gravitational acceleration, and � is the level-
set function. The level-set function represents the signed distance
from the air-water interface with � > 0 in water and � < 0 in
air. Both the density �4�) and viscosity �4�5 are smoothed by a
Heaviside function in a narrow transition zone across the air-water
interface. Eqs. 1 and 2 represent the continuity and mean momen-
tum equations for the 2-phase flow, respectively. More detailed
descriptions of the finite-analytic method and the validation of
level-set FANS method were given in Pontaza et al. (2005), Chen
and Yu (2006, 2009), Lin et al. (2007), Yu et al. (2007), and Chen




