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This study investigated a wall modeling in large-eddy simulation (LES) that
enables high-fidelity simulations of compressible separated turbulent boundary layers with shock
waves and wall heat fluxes at high Reynolds numbers, which have a significant impact on aerodynamics

and the safety of aircraft and rockets. Based on large-scale direct numerical simulation databases,

the details of the compressible flows with shock waves and wall heat fluxes are analyzed, and a
wall model is developed based on the obtained knowledge. Using the wall model, low-frequency
self-excited oscillation phenomena caused by shock waves and separated turbulent boundary layers in
an over-expanded nozzle with wall heat flux at a high Reynolds number were investigated to validate
the developed wall-modeled LES.
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1 DNS of wall heated and cooled shock wave and turbulent boundary layer interacting separated
flows.
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‘(x_xsh)/Lim .
2 Mean streamwise velocity (top) and pre-multiplied power spectral density of wall pressure
fluctuations (bottom) obtained by DNS with cooled, adiabatic, and heated walls.
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[X] 3 Comparisons of mean streamwise velocity (left) and pre-multiplied power spectral density of wall
pressure fluctuations (right) between DNS and wall-modeled LES (WMLES).
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: Experiments

Johnson & Papamoschou

4 Comparisons of instantaneous shock wave and separated boundary layer in over-expanded nozzle
flow between wall-modeled LES (WMLES) and experiments of Johnson & Papamoschou [Physics of
Fluids, 2010].
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