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Turbulence

https://www.labroots.com/trending/chemistry-and-physics/18142/turbulence-treat-eyes-minds

https://www.flowvis.org/2018/01/30/7640/

https://www.bronkhorst.com/fr/theories-principes/difference-entre-ecoulement-laminaire-et-turbulent/

● Unpredictable
● Swirls on many scales (eddies or vortices)
● Diffusive (= mixing things together)
● Dissipative

2LMECA2322:  https://uclouvain.be/cours-2024-lmeca2322

https://uclouvain.be/cours-2024-lmeca2322


  

Vortices and Energy
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● Unpredictable
● Swirls on many scales (eddies or vortices)
● Diffusive (= mixing things together)
● Dissipative

LMECA2322:  https://uclouvain.be/cours-2024-lmeca2322

https://www.labroots.com/trending/chemistry-and-physics/18142/turbulence-treat-eyes-minds

https://uclouvain.be/cours-2024-lmeca2322


  

Navier Stokes Equations
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∇⋅u=0

ρ
d u
dt

=−∇ p+μ∇2u+F

LMECA2660: https://uclouvain.be/cours-2024-lmeca2660
LMECA2300: https://uclouvain.be/cours-2024-lmeca2300

https://uclouvain.be/cours-2024-lmeca2660
https://uclouvain.be/cours-2024-lmeca2300


  

Pyramid of resolutions
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Pyramid of resolutions
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Lucia Tier-1



  

Pyramid of resolutions
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DNS

wrLES

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.



  

Pyramid of resolutions
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DNS

wrLES

Wall-resolved (wr) Large Eddy Simulation
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Resolution/C
ost

Fine and accurate resolution of 
the boundary layer BUT it is costly

skin friction

LMECA1321: https://uclouvain.be/cours-2025-lmeca1321
LMECA2323: https://uclouvain.be/cours-2024-lmeca2323

https://uclouvain.be/cours-2025-lmeca1321
https://uclouvain.be/cours-2024-lmeca2323


  

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



  

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



  

Pyramid of resolutions
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DNS

wrLES

wmLES

RANS

Reynolds-Averaged Navier-Stokes
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Leap-1A Safran



  

RANS for design and optimization

12LMECA2780: https://uclouvain.be/cours-2024-lmeca2780

Turbine 
Cascade 

Blade
[Cenaero credits]

Turbine 
Blade[6]

One 
Stage[7]

Full Engine

 RANS
+

Validation 
with 

wrLES

RANS
1D approaches

and 
correlations

https://uclouvain.be/cours-2024-lmeca2780


  

DNS and LES for modeling

13

DNS

wrLES

wmLES

RANS

Modeling some terms of the 
RANS turbulent closure such 
as the Reynolds stress 
tensor (RST) or calibrating 
the RANS coefficients.



  

Deep Learning techniques

14

Regression[4]

Segmentation[1]

Classification[5]

Clustering[2]

Generation[3]



  

RANS-modeling
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Clustering

Regression

wrLES data obtained from Argo-DG



  

Turbulence Injection
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Reproducing realistic tubulence fluctuations at 
the inlet of the numerical domain using generative 
models (i.e., diffusion models).

Images of the VKI wind tunnel facility Sampling capabilities !



  

Thank you
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https://www.cenaero.be/
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