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Layout

• Subgrid modeling of 2D decaying turbulence 
• Data-driven subgrid-scale models using CNN 

• SGS forward transfer and backscattering analysis

• Transfer learning generalize the network to work for higher Re and different 
grid resolution
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2D Decaying Turbulence
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Domain:

Grid size:

LES grid size: 

Re=8000 -> 128000

   , 2 ,2LX LY  =

Numerical scheme:
Fourier pseudo-spectral methods
2nd order Adams-Bashforth for convection term
Crank-Nicolson for diffusion term

   , 2048,2048NX NY =

   , 256,256NX NY =



Filtering
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Governing equations:
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Spatial filtering:
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Gaussian filter:

Filtered equation:



Fully convolutional neural networks
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Convolutional layersNX x NY = 256x256

. . .

Convolutional layers NX x NY = 256x256



Guan, Yifei, Ashesh Chattopadhyay, Adam Subel, and Pedram Hassanzadeh. "Stable a posteriori 
LES of 2D turbulence using convolutional neural networks: Backscattering analysis and 
generalization to higher Re via transfer learning." arXiv preprint arXiv:2102.11400 (2021).



Subgrid-scale transfer T=sign(∇2𝜔)П
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TSMAG TCNN
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(b) Section in the black square of (a) 
(a) Vorticity and subgrid scale energy transfer T for filrered
DNS (FDNS), physics-based Smagorinsky scheme (SMAG), 
and convolutional neural network (CNN).

backscattering Forward transfer-1           0          1



Online prediction – vorticity field
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Filtered DNS CNN DSMAG

SMAGANN

-1          0         1



Tested on Re = 32k
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The short-term prediction is evaluated by the relative l2 norm error of the 
vorticity. The CNN has smaller errors than physics-based methods and the 
local ANN model.

Backscattering 
elimination



Online tests on Re = 32000
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The statistics of long-term prediction are evaluated by the turbulent kinetic energy. The 
CNN better predicts the statistics than physics-based models. Transfer learning helps 
the CNN trained on Re = 8k works at Re = 32k. Cancellation of the backscattering makes 
the spectrum deviate from the -3 law due to the excessive energy dissipation.



Generalization to higher Re via transfer 
learning
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Trainable layersFixed layers

Guan, Yifei, Ashesh Chattopadhyay, Adam Subel, and Pedram Hassanzadeh. "Stable a posteriori LES of 2D turbulence using 
convolutional neural networks: Backscattering analysis and generalization to higher Re via transfer learning." arXiv preprint 
arXiv:2102.11400 (2021).



Generalization to high Re and higher 
resolution via transfer learning
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Trainable layersFixed layersTrainable layer
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