Boundary layer meshing for hypersonic flows simulation
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The atmospheric re-entry of hypersonic vehicles involves extremely intense physical phenomena, particularly
in the vicinity of the wall where strong gradients, interactions between shocks and boundary layers, as well
as thermal effects occur. In order to capture these phenomena, a very accurate representation of the vehicle
surface is required, as well as highly refined and well-structured meshes in the boundary layer. An approach
often used then is based on body-fitted discretisation. This type of mesh provides great description of physical
phenomena, particularly whithin the boundary layer, although generating body-fitted meshes for complex
geometries is extremely difficult and time-consuming.

In this work, we are interested in generating block-structured hexahedral meshes adapted to the discretiza-
tion of the boundary layer as automatically as possible. We aim to provide innovative solutions to generate
body-fitted meshes, built directly from the underlying geometric representation of the surface, using polynomial
or rational curves and surfaces [1] such as splines or NURBS.

First we generate a curved quadrangular mesh that accurately approximates the vehicle wall using
polynomial curves or surfaces and the blossoming principle [2]. Adjusting the parameters of the spline or
NURBS elements allows the mesh to smoothly adapt to complex CAD geometries. This surface mesh is then
extruded along directions adapted to the geometry in order to construct quadrangular blocks of the computa-
tional domain. In a further stage of the project, the final mesh will be obtained by generating a structured grid
for each quadrangular block and applying geometric relaxation techniques to adjust sizes and orientations of
the cells to the needs of numerical simulations.

This work therefore stands between computational geometry and mesh generation. It illustrates how concepts
related to spline or NURBS theory and surface approximation can be used to design robust and adapted meshes
for computing hypersonic flows around complex geometries.
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Figure 1: Example of mesh generation from a cubic B-spline curve



