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Summary:
Efficient design of supersonic air intakes is still a challenge today due to the occurrence of violent
transitions between subcritical and supercritical regimes inherent to high-speed vehicles operating
conditions. These different configurations are all very sensitive to shock wave / boundary layer
interactions (SBLI): in all regimes, weak and attached shock waves arising from the compression ramp
(supersonic diffuser) or the cowl lip, impinge on the boundary layers developing on the opposite walls
(see Fig. 1). In the subcritical regime, a strong shock wave is positioned upstream of the inlet as a
result of the blockage, whereas in the supercritical regime, the shock wave is placed in the subsonic
diffuser where the boundary layer is particularly sensitive to separation. A detailed analysis of these
high-speed air inlets is thus necessary not only to predict their performance, but also to control the
switching margins between the two previously mentioned flow regimes.

Fig 1: Sketch of a canonical supersonic air intake configuration

Work agenda:
The numerical simulation of such flow configurations is still a challenging task due to the unsteady
turbulent nature of the problem and the presence of shocks and acoustic waves that interact with each
other. The objective of this PostDoc is to perform compressible Large Eddy Simulations of ShockBoundary Layer interactions in a first step and later canonical supersonic air intakes. A recent high
order solver called IC3, based on spectral methods and developed at DAEP [1,2] will be used. It solves
the 3-D compressible Navier-Stokes equations on unstructured grids. Thanks to its high scalability, it
can be run in parallel on thousands of processors and is applicable to state-of-the-art simulations of
turbulent supersonic flows. The first objective of the project will consist in assessing the capabilities of
the solver on a canonical Shock-Boundary Layer interaction. On this configuration, compressible LES
have already been performed and validated in a finite volume framework [3,4].
In the second part of the PostDoc, a compressible LES will be performed on a canonical supersonic air
intake. A companion study will focus on RANS simulation of different supersonic air intakes in order
to choose good candidates on which high-fidelity simulations will be performed. One possibility could
be to simulate the geometry from a recent experimental campaign [5] (Fig. 2).

Fig 2: Experimental Schlieren visualization of the flow in a supersonic air intake [5]

Expected skills:
-

Compressible flows
Computational Fluid Dynamics (CFD)
C++ programming, MPI, HPC, Python
Aeroacoustics
High Order schemes
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