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(Two) Classic approaches to turbulence
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Generalized Kolmogorov Equation (GKE)
Exact budget equation for (du;du;) = (dudu) +(dviv)+(dwdw)
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Generalized Kolmogorov Equation (GKE)
Exact budget equation for (du;du;) = (dudu) +(dviv)+(dwdw)
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Generalized Kolmogorov Equation (GKE)

Amount of turbulent energy

at location X and scale (up to) r
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Generalized Kolmogorov Equation (GKE)

Amount of turbulent energy
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GKE: budget for (du;ou;)
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Anisotropic GKEs (AGKEs): budget for (du;du;)
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AGKEs for indefinite plane channels

(Ouidup) (X, r) — (duidu;) (Y, re, 1y, I2)
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Turbulent channel (Re. = 200): (dudu)in r, = 0 space
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Turbulent channel (Re. = 200): (dudu)in r, = 0 space
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(dudu) versus
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(dudu) versus

(Oudu) =~ (du;du;)
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versus
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Anisotropy
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Anisotropy
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Anisotropy of attached scales
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Redistribution: pressure strain
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How will | use the AGKE?

Role and occurrence of large scales
w Very Large Scale Motions at high Re

Gatti et al. FTaC 2018
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How will | use the AGKE?

Role and occurrence of large scales
m Very Large Scale Motions at high Re
m Secondary Motions of Prandtl second kind
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THANKS

for your kind attention!

for questions and suggestions:

davide.gatti@kit.edu
maurizio.quadrio@polimi.it
alessandro.chiarini@polimi.it
andrea.cimarelli@unimore.it
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Conclusion

We presented the AGKE: exact budget equations for (du;du;)
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m In addition to GKE:
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Conclusion

We presented the AGKE: exact budget equations for (du;du;)

m In addition to GKE:

® anisotropy
m off-diagonal components
m redistribution

» |n addition to spectral Reynolds stress budgets:

® no need for homogeneity
m allows scales in inhomogeneous directions
m possible “fluxes” interpretation
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Conclusion

We presented the AGKE: exact budget equations for (du;du;)

m In addition to GKE:

® anisotropy
m off-diagonal components
m redistribution

» |n addition to spectral Reynolds stress budgets:

® no need for homogeneity
m allows scales in inhomogeneous directions
m possible “fluxes” interpretation

m probably interesting for your research too!
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Fluxes, field lines
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Fluxes, field lines

Field lines
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Fluxes, field lines: attached & detached scales
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Fluxes, field lines:
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Fluxes, field lines: attached & detached scales
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Fluxes, divergence: donor & receiver scales
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contribution of various physical processes to (du;jou;)
(e.g. nonlinear turbulent transport)
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(Ouidu;): relationship with correlation Rjj
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(Ouidu;): relationship with correlation Rjj
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(Ouidu;): relationship with correlation Rjj
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(Ouidu;): relationship with correlation Rjj
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(Ouidu;): relationship with correlation Rjj
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(Ouidu;): relationship with correlation Rjj
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