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ABSTRACT

Mesh adaptation methods have proved to be an important tool for users of the Finite Element Method.
They permit to reach a desired accuracy at minimal cost by refining the mesh only where needed. It has
also been clearly demonstrated (e.g.,[1]) that anisotropic adaptation enables an otherwise impossible
resolution of shocks or boundary layers for fluid mechanics computations. We want to point out that it
can be employed for shell problems. Mesh adaptation requires two basic components:

• an error estimator,

• a procedure to generate or to modify the mesh according to the indicator.

We shall first present the mesh adaptation method developed at GIREF and how it implements these
components.

The error indicator is based on a re-interpolation of a FEM solution by a higher order differentiable
approximation. It is therefore problem independent. This is related to the Zienkiewicz and Zhu’s[5]
estimator or more closely to the work of Zhimin Zhang [4] on polynomial preserving recovery.

Experience has shown that this yielded an efficient technique even if it partially emanates from heuris-
tic ideas. The important point is that it can be computed knowing only the numerical solution. This
procedure can be extended to curved surfaces.

As to the mesh adaptation process itself, we have chosen a mesh modification procedure instead of a
mesh generation one as employed by [2]. The method is based on four elementary operations, acting
locally on patches of elements:

• moving nodes,

• swapping edges,

• adding nodes,

• removing nodes.



The first two operations are done in order to minimise the error on a patch of elements while the last
two are employed to reach a desired accuracy.

We shall describe these operations and present numerical results showing the potential of he method for
advancing fronts and boundary layers.

This brings us to shells where boundary layers are an important and common feature ([3]). The above
technique has been extended to curved surfaces. One must then add a geometrical error criterion: The
mesh should represent the geometry wih sufficient accuracy. Operators can also become more complex.
For example, edge swapping can create folds if some care is not taken.This is illustrated by a few simple
cases.
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