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ABSTRACT

Due to computational issues associated with the free surface Navier-Stokes or Euler equations, the sim-
ulations of geophysical flows are often carried out with shallow water type models of reduced complex-
ity. For these vertically averaged models, efficient and robust numerical techniques (relaxation schemes,
kinetic schemes) are available and avoid to deal with moving meshes.

However when flows with large friction coefficients, with significant water depth or with important wind
effects are considered, the horizontal velocity can hardly be approximated – as in the Saint-Venant sys-
tem – by a vertically constant velocity. To drop this limitation a multilayer Saint-Venant model has been
introduced, where the different layers have their own velocities. This first approach was closely related
to some works devoted to the solution of a system of two non-miscible fluids. Here we propose to study
a new class of multilayer Saint-Venant systems that allows the fluid to circulate from one layer to the
connected ones. In this model the multilayer approach consists in prescribing the vertical discretization
of the horizontal velocity by performing a Galerkin approximation in Lagrangian formulation. This
leads to a global continuity equation and allows mass exchanges between layers.

We first focus on the comparison of different numerical strategies to handle the specific difficulties
of this class of systems. In particular we compare the extensions of the kinetic schemes and of the
finite volume method of characteristics. Then we consider an extended model where we include an
equation that takes into account the influence of the flow on the bottom topography and we compare the
numerical results that are obtained for classical and multilayer approaches with available experimental
data.
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