Error control and propagation in Adaptive Mesh Refinement
applied to elliptic equations on quadtree/octree grids

Lucas Prouvost*!, Anca C. Belme' and Daniel Fuster!

 Sorbonne University, CNRS
Jean le Rond d’Alembert Institute
4 place Jussieu, Paris, France
e-mail: lucas.prouvost@sorbonne-universite.fr

ABSTRACT

In this work we propose a new adaptive mesh refinement (AMR) method applied on isotropic oc-
tree/quadtree meshes. The new AMR approach uses a metric-based linear interpolation error es-
timation [2] extended to square/cubic elements. The analysis of various examples shows that the
minimization of the total numerical error can lead to a suboptimal mesh in terms of pure interpo-
lation error. The grids that minimize the error for different values of N (the number of elements
imposed) is related to a fixed ratio between the minimal and mean cell size named the compression
ratio. Above a certain value, a clear proportionality between the interpolation and the total error
allows us to use the former as a criterion to adapt the grid. However, below a certain critical value of
the compression ratio, no correlation between both errors is observed and the interpolation error is no
longer representative of the total error contained in the solution. Based on these results, we propose
to add a model to estimate the discrete minimum grid size and to impose it as an additional constrain
to the error minimization problem. The proposed minimum grid size depends on (i) the structure of
the solution, (ii) the number of grid points specified and (iii) a security coefficient defined such that
it controls the distance between the optimal pure interpolation error and the targeted performance.
By increasing this user defined parameter we show that we effectively restrict the range of the mini-
mization problem to regions where we can safely use the local estimation of the interpolation error to
drive the mesh adaptation and reduce the total numerical error.

The method is implemented in our in-house open-source solver Basilisk [1, 3] and the performance
of our new approach is validated on a Poisson-Helmholtz solver and an incompressible Euler solver
through academic problems with known solutions. These problems, with diverse levels of complexity,
are shown to be challenging test cases to evaluate the efficiency of AMR methods.

REFERENCES

[1] S. Popinet, ” A quadtree-adaptative multigrid solver for the Serre-Green-Naghdi equations”, Jour-
nal of Computational Physics, Vol. 302, pp. 336-358, (2015)

[2] F. Alauzet and A. Loseille, “A decade of progress on anisotropic mesh adaptation for computa-
tional fluid dynamics”, Computer-Aided Design, Vol. 72, pp. 13-39, (2016)

[3] J. Antoon van Hooft, Stéphane Popinet, Chiel C. van Heerwaarden, Steven J.A. van der Lin-
den, Stephan R. de Roode, and Bas J.H. van de Wiel. ” Towards adaptive grids for atmospheric
boundary-layer simulations”. Boundary-Layer Meteorology, Vol. 167(3), pp. 421-443, (2018)



