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A number of models in mechanics and physics include moving surfaces whose positions are part of the unknowns of
the problem. The Stefan model for solidification is an example. The solidification/melting front is at a continuous given
temperature but has a jump in the temperature gradient (the jump in heat flow corresponds to the latent heat involved
in the phase change).
Two main families of numerical algorithms exist for the resolution of moving front. The so-called "front capturing"
approaches and the so-called "front tracking" approaches. In the first case, the mesh does not conform to the fronts and
it can therefore be fixed. The presence of the front inside the elements is taken into account in an averaged or precise
way (for example via integrations on both sides of the front and the addition of enrichment degrees of freedom as with
the extended finite element method).
In the so-called tracking approaches, the mesh is deformed to fit the fronts and the algorithms can remain fairly standard
(except for the convection term which must be added). The accuracy is very good because the gradient jump on the front
(or other quantity) is directly taken into account by the separate approximation on both sides of the front. However, the
tracking approach has important limitations: topological changes are not taken into account and the propagation of the
front over large distances leads to a loss of mesh uniformity on both sides of the interface.
The X-MESH approach pushes tracking approaches to new possibilities: topological changes are taken into account
and front tracking can be done over long distances. This is made possible by the fact that the nodes that locate the edge
are not always the same. A node that carries the front can hand it over to one or more others (as in a relay race). In
a continuous process, one must imagine that the elements pass through a zero size. The X-MESH approach allows an
eXtreme deformation of the elements up to a zero size.
The X-MESH approach will be illustrated on the Stefan problem and on two-phase incompressible flows.
The collaborators on the X-MESH project are J.-F. Remacle and J. Lambrechts (UC Leuven, Belgium) and N. Moës,
N. Chevaugeon and B. Le (EC Nantes).
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