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Motivation & computational challenge

Most tlows of practical interest are turbulent How can turbulence be generated or controlled?

e High Reynolds numbers (Re) with wide range of spatial
and temporal scales

e (lassical approach: grid turbulence >

e New method: laser-controlled turbulence!**
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u: characteristic velocity

L: characteristic length

v: kinematic viscosity

R : Taylor’s Reynolds number

Controlhng turbulence: improved energy efficiency
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e Lasers can photo-dissociate molecules

— Fragments with very large velocities + TNE*!

=g Cl atoms arising from 355 nm photo-dissociation
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How do we study turbulence?
Resolving all scales: extreme computational cost

Domain > L : Integral length scale (largest scale)

Relative importance parameter: [Q — AA{; l]
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Shock turbulence interaction
When turbulent flows pass through a shock:

e Controlling turbulence can drastically improve etficiency,
reduce drag and friction losses

e Turbulence characteristics change

e Shock structure weakened . _ .
— Energy generating technologies, wind farms and hy-

e Thermodynamic quantities # f(M) droelectric turbines

¢ Rankine-Hugoint relations no longer applicable — Commercial aircraft, hypersonic vehicles

X-15, NASA
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e Novel techniques for shock structure analysis due to shock
turbulence interaction

Flow

\

Flow

e Understanding interactions can significantly lead to better
flow control

— Accurate calculation of turbulent shock jumps

shock /

Wrinkled regime
(weak incoming turbulence)

— Turbulent characteristics predictable

Broken regime
(strong incoming turbulence)
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e Turbulence effects on shock are significant and quantitiable
e High computational cost in broken regime due to turbulence strength



