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Abstract: Imposing boundary condition on complex geometries for �uid dy-
namics requires special numerical methods. In the classical approach a conform
unstructured mesh is created, that �ts the complex geometry, which usually
a no-slip condition is imposed on. This requires special meshing methods to
create such a mesh. For massive parallel computations the meshing might
pose a signi�cant computational bottleneck. In this paper we present an other
way of imposing boundary conditions for the Navier-Stokes equation on com-
plex geometries. Instead of using a conform mesh we rely on parallel adaptive
Cartesian mesh, which are not conform with respect to the geometry and are
easy to decompose for parallel computations. This mesh is used in combination
with the Nitsche's method. This approach implies a special treatments of the
elements intersected by the geometry. We present in this paper the computed
two- and three-dimensional benchmark results, which validates our approach.
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1 Introduction

Nitsche's method for the Poisson equation was introduced in [1] and is independent of the
underlying mesh. For this reason this method is widely used in the free-mesh context. Since
the Nitsche's method is partial di�erential equation (PDE) dependent it needs to be derived for
each speci�c PDE. For the Navier-Stokes equation the Nitsche's method was presented in [2],
but it was only applied in the classic way (on the facets of the elements). In this paper we
present our approach to use the Nitsche's method in the combination with adaptive Cartesian
mesh in two- and three-dimensional setting, where the boundary can intersect the mesh cells in
a free and continuous way. In our previous work [4] we veri�ed this approach by computing a
two-dimensional stationary benchmark scenario. Here, we extend this approach to time variant
and three-dimensional cases, where the boundary is even allowed to be moving.

1



Figure 1: Three-dimensional benchmark results. Flow around a cylinder, which is represented
by a triangulated surface.

2 Problem Statement

The dimensionless weak form is considered as the starting point of the Nitsche's method. For
the Navier-Stokes equation this method consist of adding several domain and boundary integral
terms (e.g. penalty) to this weak formulation, which enforce the Dirichlet boundary condition
in a weak sens. For further details on the formulation we refer to [2, 4]. We present our methods
to handle the cells which are cut by the boundary, so that we can accurately compute the
integrals only on the computational domain Ω, and on the boundary Γ. Our approach is also
well suited for parallel computations, since the underlying adaptive Cartesian mesh is rather
easy to parallelize. All the presented methods are implemented in the Sundance FEM-based
PDE-toolbox [3], which we also used for all the numerical computations. One example of the
numerical computations is shown on Fig. 1, where the stationary three-dimensional benchmark
was computed.
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