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In computational fluid dynamics, standard geometries and flow conditions can result in
complex local phenomena and interactions, such as shocks and flow separations, consider-
ably challenging the computed solution’s quality. For example, the efficient computation
of supersonic compressors and turbines is challenging in turbomachinery because of com-
plex inter-blade shock interactions that induce significant pressure loss. These critical flow
structures generally require fine discretizations to be correctly computed. Their exact lo-
cation is sensitive to boundary conditions and geometries, and it is usually impossible
to anticipate their positions. Since uniform fine meshes would lead to overly costly sim-
ulations, alternative meshing strategies are in order. Adaptive mesh refinement (AMR,
[1]]2][3][6]) is classically employed to adjust the local mesh resolution automatically to the
flow structures and construct meshes that achieve a prescribed precision while limiting
the computational cost.

The present work considers the case of random flow conditions sampling strategies (Monte
Carlo method) to estimate some flow statistics. Adapting the mesh for each sampled
condition is usually prohibitively costly while using the mesh adapted to a particular
condition for all samples can yield large errors. Therefore, we propose to build a unique
adapted mesh to minimize the average error. The iterative adaptation uses an estimation
of the local mean error from a reduced sample set of conditions to mark the cells for
refinement. In the present implementation, the cell’s refinement consists of an isotropic
insertion of nodes, relying on the utility adaptCells of Cassioppée [4].

We first demonstrate the method on a one-dimensional parametric Burgers equation with
known exact solutions; this simple problem enables the complete statistical character-
ization of the resulting errors and their sensitivity to the numerical parameters of the
adaptation. Then, a two-dimensional supersonic scramjet inlet flow [7] is considered. The
model is the Euler equations solved with the cell-centered finite-volume method imple-
mented in the CFD solver elsA [5]. This case is widely used in the mesh adaptation
literature as it yields complex shock structures and interactions (see Figure 3). Results
(see Figures 1,2) show the ability of the method to refine all regions requiring adaptation
and reduce the mean error efficiently over the range of inlet Mach numbers.
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Figure 2: Scramjet configuration: local depth (num-
ber of successive refinements) of the adapted mean
mesh after 10 iterations, for inlet Mach numbers in
[2.9,3.3].
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Figure 1: Comparison of the mean error con- Figure 3: Numerical schlieren field for inlet Mach
vergence with the meshes size for different number M = 3.14, computed with the mean mesh
methods: uniform refinement (Uniform), mean (10 iterations of adaptation) (scramjet configura-
adaptation (Mean), and mesh adapted for a tion).

fixed condition (Nominal). Scramjet configu-

ration with inlet Mach number uniformly dis-

tributed in [2.9, 3.3].

REFERENCES

[1] Frederic Alauzet, Loic Frazza, and Dimitrios Papadogiannis. Periodic adjoints and anisotropic mesh
adaptation in rotating frame for high-fidelity RANS turbomachinery applications. Journal of Com-
putational Physics, 450:110814, 2022.

[2] Frédéric Alauzet and Adrien Loseille. A decade of progress on anisotropic mesh adaptation for
computational fluid dynamics. Computer-Aided Design, 72:13-39, 2016.

[3] Pierre Benard, Guillaume Balarac, Vincent Moureau, Cécile Dobrzynski, Ghislain Lartigue, and Yves
d’Angelo. Mesh adaptation for large-eddy simulations in complex geometries. International Journal
for Numerical Methods in Fluids, Wiley, pages 719-740, 2016.

[4] Christophe Benoit, Stéphanie Péron, and Sdm Landier. Cassiopee: A CFD pre- and post-processing
tool. Aerospace Science and Technology, 45:272-283, 2015.

[5] Laurent Cambier, Sébastien Heib, and Sylvie Plot. The ONERA elsA CFD software : Input from
research and feedback from industry. Mechanics & Industry, EDP Sciences, 14(3):159-174, 2013.

[6] Wagdi G. Habashi, Julien Dompierre, Yves Bourgault, Djaffar Ait-Ali-Yahia, Michel Fortin, and
Marie-Gabrielle Vallet. Anisotropic mesh adaptation: Towards user-independent, mesh-independent
and solver-independent CFD. Part I: General principles. International Journal for Numerical Methods
in Fluids, 32(6):725-744, March 2000.

[7] Ajay Kumar. Numerical analysis of the scramjet-inlet flow field by using two-dimensional Navier-
Stokes equations. Technical Report NASA-TP-1940, NASA Langley Research Center, December
1981.



