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Motivation
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Shock/boundary-layer interaction
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DNS by Larsson et al. 2013

Eddies extracted by the Q-criterion.
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Canonical shock turbulence interaction

» Homogeneous turbulence interacting with
a normal shock

> Isolates effect of shock on turbulence
» No mean gradient, separation etc.
» Parametric study possible

» Two approaches

DNS Theory

Lee et al (1993), Mahesh et al. (1997), Wouchuk et al.(2009),
Larsson and Lele (2009), Larsson et al. (2013), Ryu and Livescu (2014)
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Theory
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Turbulence in supersonic flow

» Governing equations :
Linearized Navier-Stokes equations
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Assumptions:

Perfect gas with constant properties

Fluid is at rest i.e. mean velocity in
the domain is zero

Fluctuations are small compared to
average values. For velocities,
average speed of sound is considered.

Only first order terms




Turbulence in supersonic flow

» Decoupled linearized N-S equations:
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Application to shock turbulence interaction

Finite fluid velocity

Upstream region:
Linearized Euler

Downstream region:
Linearized Euler

equations equations
Shock region:
Linearized Rankine-
Hugoniot conditions
Ribner (1954)
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Linear interaction analysis

Upon interaction of a single mode, all three are generated
and evolve independently

Ribner (1954)
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Linear interaction analysis

Three independent modes exist
downstream of the shock:

Vorticity - @'
Related by linearized R-H conditions

Entropy -s'

Acoustic - p'

Kovasznay (1953)

Ribner (1954)
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Comparison
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Direct numerical simulation
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Acoustic Mode
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Acoustic mode

3

M = 3.50, DNS (symbol) LIA (line)

» High Near-field value

» Exponential decay to a finite
far-field value
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Budget for acoustic mode
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Vorticity mode
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Vorticity mode
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» LIA : Const. Vorticity variance

» DNS : Downstream decay
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Budget for vorticity mode
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LIA cannot capture vorticity mode
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Entropy mode
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Entropy mode
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Budget for entropy mode
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Summary

Good match in the near-field for all three modes
Good match in the far-field as well for the acoustic mode

Mismatch in the far-field for the vorticity and entropy modes

Thank you for listening !
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Extra slides
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Application to shock turbulence interaction

» 2D single mode plane wave interaction e’ ik(ma+-ly—uimt)

» Governing equations : Linearized Euler equations
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