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P
R
O
D
-F
-0
1
5
-0
2

What’s the difference?

1



ACOMEN 2022, 31 August - 2 September 2022, Liège © 2022 Cenaero - All rights reserved 1

P
R
O
D
-F
-0
1
5
-0
2

What’s the difference?

1



ACOMEN 2022, 31 August - 2 September 2022, Liège © 2022 Cenaero - All rights reserved 1
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P
R
O
D
-F
-0
1
5
-0
2

What’s the difference?

Wall resolved LES Wall modeled LES
… the  resolution near the wall.

1



ACOMEN 2022, 31 August - 2 September 2022, Liège © 2022 Cenaero - All rights reserved 1
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P
R
O
D
-F
-0
1
5
-0
2

= wall model =  =f(u, ∇p, hwm)

What is a wall model?
Finding a complex relationship between 

instantaneous volume data with the wall shear stress

u

∇p

hwm

τw,ξ

τw,z

Neural network

τw,ξ, τw,z

u, ∇p, hwm

4



ACOMEN 2022, 31 August - 2 September 2022, Liège © 2022 Cenaero - All rights reserved 1
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What is a wall model?
Finding a complex relationship between 

instantaneous volume data with the wall shear stress

To apply such a wall model, the following questions should be answered:

• Where the inputs are extracted (i.e., input stencil)?

• How to normalize the inputs and the outputs?

• Which neural network to use?
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[1] Boxho, M. et al.: Analysis of space-time correlations to support the development of wall-modeled LES. Flow, Turbulence and Combustion. (2022).
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P
R
O
D
-F
-0
1
5
-0
2

τw,ξ, τw,z

u, ∇p, hwm

Input stencil Where the inputs are extracted?

Using space-time 
correlations (Pearson and 
Distance correlations [1])

[1] Boxho, M. et al.: Analysis of space-time correlations to support the development of wall-modeled LES. Flow, Turbulence and Combustion. (2022).

ξ
η

8



ACOMEN 2022, 31 August - 2 September 2022, Liège © 2022 Cenaero - All rights reserved 1
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The distribution between the input and output for different databases 
does not fit on each other bad behavior for the training→
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databases better behavior for the training→
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P
R
O
D
-F
-0
1
5
-0
2

A Posteriori Validation on the two-dimensional periodic hill

Argo-DG + data-driven wall model at M=0.1

Breuer et al. (2009)

Gloerflt et Cinnella at M=0.1

13



ACOMEN 2022, 31 August - 2 September 2022, Liège © 2022 Cenaero - All rights reserved 1
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P
R
O
D
-F
-0
1
5
-0
2

14

Conclusion and perspectives

τw,ξ, τw,z

u, ∇p, hwm

to tackle separation using deep neural network

1) Generating database 
from channel and periodic 
hill flows

2) Analyzing space-time 
correlations with the wall 
shear stress ( )τw

3) Training CNN and GMN for 
the prediction of τw

A Posteriori Validation

Channel at Reτ = 950 Periodic hill at Reb = 10595



ACOMEN 2022, 31 August - 2 September 2022, Liège © 2022 Cenaero - All rights reserved 1
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