Scale-resolving simulations to support the

development of novel turbulence models
Cenaero's intervention
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Swirls on many scales (eddies or vortices)
Diffusive (= mixing things together)
Dissipative

https://www.flowvis.org/2018/01/30/7640/
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LES Diffusive (= mixing things together)
Dissipative
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Navier Stokes Equations

V-u=0
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dt
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Modeling
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Pyramid of resolutions

Direct Numerical Simulation
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Modeling

Pyramid of resolutions
Wall-resolved (wr) Large Eddy Simulation
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Sub-Grid Scale (SGS) models to
approximate the effect of the smallest

scales on the largest scales.




Modeling

Pyramid of resolutions
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skin friction

Fine and accurate resolution of

the boundary layer BUT it is costly
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Modeling

Pyramid of resolutions
Wall-modeled (wm) Large Eddy Simulation
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Modeling

Pyramid of resolutions
Wall-modeled (wm) Large Eddy Simulation

‘u, Vp h

 --" g wall model ]‘(u Vp, hum)

——————— s o ,:q 'Z'l"‘ 4
7567 WLl

1507)/U0I1N|0SDY

10



Modeling

Pyramid of resolutions

Reynolds-Averaged Navier-Stokes
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RANS for design and optimization

RANS
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Full Engine
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DNS and LES for modeling

DNS
wrLES




Deep Learning techniques

Clustering'?




Clustering

RANS-modeling
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Turbulence Injection

Reproducing realistic tubulence fluctuations at
the inlet of the numerical domain using generative
models (i.e., diffusion models).
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Images of the VKI wind tunnel facmtg Sampling capabilities !

Forward SDE (data — noise)

dx = f(t)xdt + g(t)dw —»@
- E ;-, E;_

@«— dx = [f(t) — ¢°(t) Vi log pu(x)]dt + g(t)dw —@

Reverse SDE (noise — data)
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Thank you

https://www.cenaero.be/
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