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ABSTRACT

Many water wave problems in marine and offshore engineexiagtudied using nonlinear free surface
wave model which consists of a potential flow equation suppleted with kinematic and dynamic free
surface boundary conditions. These equations can be ddrova Luke’s variational principle [3]. Such
a variational principle has the advantage of completelgrilgisg the physics of the problem using a
single functional and follows the conservation of energyerefore, numerical discretization based on
the variational principle may conserve discrete energyiddein the present work, we consider a new
space-time variational (dis)continuous Galerkin methmdree surface gravity water waves.

Space-time discontinuous Galerkin (DG) finite element w@share advantageous for problems aris-
ing in fluid mechanics that have moving boundaries or intesain the flow domain [1,5]. The main
advantage of the method is the flexibility in handling theodefing grids because of the unification
of space and time in the numerical formulation. Extra adsvges arép—adaptivity and suitability for
parallelization. In the present water wave problem, the ferface continuously evolves in time and
thus a space-time DG method is useful to handle deformirts ghie to the free surface (see [5]).

In the space-time variational DG method, we first establiptiraal relation between the approximated
velocity field and the velocity potential by following the@pach of Arnold et al. [2] or Brezzi et al.[3].
Second, we derive a discrete functional analogous to thitncmm functional of the free surface water
wave problem using the primal relation. Subsequently, walyapukes variational principle on the
discrete functional to obtain a discrete variational folation for the free surface water wave problem.
We obtain a consistent variational discretization by apipnating the functions to be continuous in
time but discontinuous in space. For linear free surfaceegahe numerical discretization results into
a algebraic system of equations with a compact stencil witinuecture similar to that in [5].

The numerical scheme for linear free surface waves is seoatet accurate for linear polynomial
approximations and shows no dissipation qualitativelyFiljure 1, we present our preliminary results



for linear harmonic free surface waves which do not show ylatthe maximum amplitude of the free
surface waves even when simulated for a long time. We coadhat the present numerical method is
stable and accurate which can be extended to the nonliremastirface waves.
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Figure 1: Free surface height of the linear harmonic freéasas at initial (left) and final time levels.
The linear waves are simulated up to 100 time periods Withe time period.
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