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ABSTRACT. in this talk I will present a new finite element method for the incompressible
Navier-Stokes equations with free surface. The evolution of the free surface is driven by the
kinematic boundary condition, and an Arbitrary Lagrangian Eulerian (ALE) approach is used
to derive a (formal) weak formulation which involves three fields, namely, velocity, pressure,
and the function describing the free surface. This formulation is discretised using finite elements
in space and a time-advancing explicit finite difference scheme in time. In fact, the domain
tracking algorithm is explicit: first, we solve the equation for the free surface, then move the
mesh according to the sigma transform, and finally we compute the velocity and pressure in
the updated domain. This explicit strategy is built in such a way that global conservation
can be proven, which plays a pivotal role in the proof of stability of the discrete problem.
In addition, in the first and third steps of this algorithms appropriate stabilisation terms are
added in order to prove stability of the scheme. The well-posedness and stability results are
independent of the viscosity of the fluid, but while the proof of stability for the velocity is
valid for all time steps, and all geometries, the stability for the free surface requires a CFL
condition. The performance of the current approach is presented via numerical results and
comparisons with the characteristics finite element method.
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