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Predictabllity of Turbulent Flows

Initial condition Prediction

Optimal Predictive Models

Occam's

DNS - "The trajectory”

With uncertainty




implications for Control

Optimal Predictive Control

Monte-Carlo Control
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oW tO measure predictability and uncertainty growtn

Lyapunov Exponents —nsemble Forecasting

- Climatology
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\assive ensemble forecasting of turoulent channel flow

o Climatology
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Ensemble averaged streamwise velocity fluctuations
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How does It [ook like”?

Video of u of simulation

B5ase [rajectory
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Predictable energy

.m.s. of the ensemble-averaged velocity fluctuations
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Uncertainty growth (Unpredictable energy)

Ensemble standard deviation of the velocity fluctuations
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Predictanle energy vs uncertainty

Energy of the ensemble averaged fluctuations —nsemble-variance of the velocity fluctuations
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\odelling uncertainty growtn

TARGET: Affordable predictability/uncertaity calculations

e Study the scaling of perturbation growth

¢ |s there a relatively simple model for uncertainty growth??

Uncertainty = f(Time)
—>

1.5

1.5

0.5 0.5

10



A simpler case: mll

Uncertainty growth in isotropic turbulence

Predictabillity loss as a time-dependent diffusion
Process
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Predictabllity loss In channel flow

Cross-plane velocity components — Close to the wall
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Predictabllity loss In channel flow

The streamwise velocity component is different
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Predictabllity loss In channel flow

The anomaly exponents a are consistent towards the channel centreline
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Conclusions and Future Work

e Predictability loss in wall-bounded flows seems to be well described by anomalous diffusion
(a#2) with a time-dependent diffusion coefficient

e [his diffusion is different for the streamwise and the cross-plane velocities. The source of the
anomaly must be the shear...

e Similarities with LES modelling,
Op{ui} +{ujt0i{ui} = —0i{p} HOimijH {fi}
(92{’&2} — 0,

Tij = {uif{uj} — {uiug

DNS-informed control with uncertainty
e Potential

=S models from optimal prediction over the uncertain (sulbgrid) scales
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Conclusions and Future Work

Thanks for listening!

Questions”?



