
11th World Congress on Computational Mechanics (WCCM XI)
5th European Conference on Computational Mechanics (ECCM V)

6th European Conference on Computational Fluid Dynamics (ECFD VI)

July 20–25, 2014, Barcelona, Spain

ENHANCEMENTS OF NUMERICAL SCHEMES FOR AND
WITH TETRAHEDRAL-BASED MESH ADAPTATION

Adrien Loseille

INRIA Paris-Rocquencourt, Domaine de Voluceau 78153 Le Chesnay FRANCE,
adrien.loseille@inria.fr

Key words: unstructured mesh adaptation, anisotropic remeshing, boundary layer mesh
adaptation, CFD

Flows involved in aerospace, naval, train and automotive industries are composed of
complex features and multi-scales phenomena: shocks waves, boundary layers, turbulence,
etc. When dealing with complex geometries, all these features may be present in the flow
field and interact. If each subject is studied on its own, an unified approach to generate
the best discretization for each component of the flow is still a challenge. Indeed, many
numerical examples have proved that the performance of a numerical scheme is bounded by
the quality and the features of the discretization [1]. For instance, anisotropic meshes may
be preferred to capture accurately shocks [2, 3] while cartesian grids may be preferred
at a turbulent regime to allow high-order capturing of vortices [4]. In the vicinity of
bodies, quasi-structured grids are employed to capture the boundary layer in viscous
simulations [5].

This talk deals with the problematics of handling all the previous requirements to pre-
dict flows around complex geometries. We first review the tetrahedral-based numeri-
cal schemes used in the flow solver with an emphasis on the features needed to handle
anisotropic meshes. Then, we show how anisotropic mesh adaptation is used to enhance
theses numerical schemes. In particular, we show that second order accuracy is recovered
even in the presence of discontinuities in the flow field. This approach is exemplified with
several 3D simulations ranging from sonic-boom study and blast simulation to the study
of boundary layer shock interactions, see Figures 1, 2 and 3.
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Figure 1: Full scale adaptive sonic boom simulation. Left: geometry of the aircraft. middle: cut in the
volume mesh below the aricraft. Right: trace of the shocks generated by the 40-meter aircraft onto the
10-km computational domain.

Figure 2: Unsteady blast simulation. Left: the initial surface mesh. Right: pressure field on the adapted
surface mesh at time 0.1s.

Figure 3: Unstructured mesh adaptation of a shock/boundary layer interaction. Left: the final adapted
mesh. Right: close view of the interaction between the shock and the boundary layer.
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