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We are interested in studying turbulent flows with periodic features:

¢ flows subjected to an external periodic

forcing k : N
e

¢ flows which exhibit quasi-periodic
features
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FEATURES OF THE NEW TOOL

Development of a new statistical tool to study:

® the compound space of scales
and positions

® the interaction between the
periodic and stochastic flow
fields
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SECOND-ORDER STRUCTURE FUNCTION
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Turbulent stresses at the physical position X and up to the scale r.
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GKE: GENERALISED KOLMOGOROV EQUATION
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® Budget equation for the trace of<5u,(6u;> the scale
energy(6u’?)
® Production, transport and dissipation of the kinetic u=U+u’

energy in the compound space of scales and positions.
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AGKE: ANISOTROPIC GENERALISED KOLMOGOROV EQUATIONS

. (6u’su’)y (6u’6v’) (6u’éw’)
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® Budget equations for each component of<6u’f5u](>,
® Production, transport, redistribution and dissipation of U

the turbulent stresses in the compound space of scales
and positions.
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quGKE: PHASE-AWARE ANISOTROPIC GENERALISED KOLMOGOROV EQUATIONS
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® Budget equations for each component of 6i;6j,
5u;’6u}f’.

coherent Stochastic

® Production, transport, redistribution,
dissipation and inter-phase interaction of the
turbulent stresses in the compound space of
scales and positions. u=U+0+u”
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@AGKE: EVOLUTION ACROSS PHASES
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@AGKE: TRANSPORT AMONG SCALES
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@AGKE: TRANSPORT IN THE PHYSICAL SPACE
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@AGKE: MEAN PRODUCTION

2m 36060 9Py, i oYy i
— - — = pMt—p ¢ c <
T o9 + arg + 0Xp p” p'l + nU + du + Cu

I 17 s s
2_1165u,- 5uj . a¢kl,.}. N atpk,,.j
T L) arg Xk

—_ Mms cs S S
=Py Py T+ dy

11/18



@AGKE: COHERENT-STOCHASTIC PRODUCTION
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@AGKE: PRESSURE STRAIN
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@AGKE: DISSIPATION
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@AGKE: INTERACTION ACROSS PHASES
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APPLICATION: THE SPANWISE WALL OSCILLATING CHANNEL FLOW

Wy (t) = Asin (ZTHt)

e external periodic forcing :
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THE PRODUCTION TERMS
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CONCLUSIONS

We derived phase-aware @ AGKE expoiting a triple decomposition to study
periodic and quasi-periodic turbulent flows.

Compared to the classical AGKE,  AGKE add new features:

® the scale-space energy exchange among mean, coherent, and stochastic
fields
¢ the mutual interaction of the coherent motions at different phases

® no average over phases
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