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Abstract:

In this talk we provide a novel anisotropic mesh adaptation technique for
adaptive finite element analysis. It is based on the concept of higher dimensional
embedding, which was exploited in [1-4] to obtain an anisotropic curvature
adapted mesh that fits a complex surface in $\mathbb{R}"*3$. In the context of
adaptive finite element simulation, the solution (which is an unknown function
$f : \Omega \subset \mathbb{R}"d \to \mathbb{R}$) is sought by iteratively
modifying a finite element mesh according to a mesh sizing field described via a
(discrete) metric tensor field that is typically obtained through an error
estimator. We proposed to use a higher dimensional embedding, $\Phi_f({\bf
x}) = (x_1\, \ldots, x_d,)\, s\, f(x_1,\, \ldots, x _d), s\, \nabla f(x_1,\, \Idots,
x_d)™M\,t}$, instead of the mesh sizing field for the mesh adaption. This
embedding contains both informations of the function $f$ itself and its
gradient. An isotropic mesh in this embedded space will correspond to an
anisotropic mesh in the actual space, where the mesh elements are stretched and
aligned according to the features of the function $f$. To better capture the
anisotropy and gradation of the mesh, it is necessary to balance the contribution
of the components in this embedding. We have properly adjusted $\Phi_f({\bf
x})$ for adaptive finite element analysis. To better understand and validate the
proposed mesh adaptation strategy, we first provide a series of experimental
tests for piecewise linear interpolation of known functions. We then applied this
approach in an adaptive finite element solution of partial differential equations.
Both tests are performed on two-dimensional domains in which adaptive
triangular meshes are generated. We compared these results with the ones
obtained by the software BAMG -- a metric-based adaptive mesh generator. The
errors measured in the $L_2$ norm are comparable. Moreover, our meshes
captured the anisotropy more accurately than the meshes of BAMG.
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