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ABSTRACT

It is only recently that unstructured adaptive methods have been applied to transient problems. Transient
adaptive simulations require to modify the mesh in time, especially if the domain itself is undergoing
large deformations.

For that purpose, two approaches are possible. The first one requires to build a new mesh any time
the mesh has to be adapted. In those global remeshing techniques, the issues related to mesh to mesh
interpolation are critical.

The other way of doing the adaptation in time is to locally modify the mesh [1, 2, 4]. A common belief
is that doing local mesh modifications has to be faster than remeshing. This is usually not the case.
Global remeshing procedures are in fact usually faster than local mesh modifications techniques. This
is essentially because global remeshing algorithms converge much faster: they allow to create vertices
that are readily at their right locations when local mesh modification procedures iteratively add and
remove vertices in the mesh. However, for transient adaptive computations, local mesh modifications
have determinant advantages that are not linked with their computational efficiency:

• local solution projection procedures can be easily set up that ensure the exact conservation of
conservative quantities [3, 4],

• the mesh remains unchanged in most of the domain, allowing to adapt the mesh frequently,



• local mesh modifications can be performed in parallel, enabling transient adaptive simulation to
run on parallel computers.

The mesh adaptation procedure make use of a mesh metric field that represents the desired size of the
mesh. A mesh metric field is a smooth tensor valued fieldM(x, y, z) defined over the domain that is
symmetric and positive definite. Let us consider a mesh edge e that defines a vector e that goes from its
initial vertex to its final one. The non-dimensional length Le of e is computed as

Le =
∫

e

√
etM(x, y) e dl. (1)

The aim of the mesh adaptation procedure is to modify an existing mesh to make it a unit mesh, i.e. a
mesh for which every edge is close to the size Le = 1. The use of a tensor valued metric field allows
the construction of anisotropic meshes.

We present an algorithm in which local mesh modification operators like edge splittings, edge or face
swappings, edge collapses and node relocations are applied until every edge of the domain has a dimen-
sionless size in the interval Le ∈ [1/

√
2,
√

2]. This interval prevents the algorithm to oscillate between
coarsening and refinement operations.

Local mesh modification operators all consist in replacing a cavity of elements C by another one C′.
In our adaptation procedure, we have set up a moment when both cavities C and C′ are simultaneously
present. At this point, the different solvers are called back so that a local solution projection procedure
can be performed. The solution in the new cavity C′ is computed using the information in C.

Here, we extend the approach of [1] to Arbitrary Lagrangian Eulerian (ALE) computations for which
the mesh encounters very large deformations. In most of ALE approaches, only vertex repositioning is
considered as local mesh modifications. We show that it is possible to extend the mesh motion dramat-
ically by using a larger set of local mesh modifications. The proposed technique is implemented in the
context of a 3D finite volume Navier Stokes solver.
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