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Motivation
74

Large Eddy Simulations (LES) of large-scale rivers are very expensive, especially

on calculating statistical properties, i.e. u, U, w, u'u’ , v'v’, w'w’, etc.

e

970 CPU hours 35000 CPU hours

Large- scale virtual meandering river Fully-converged instantaneous Time-averaged flow field

River size: 2110 mx 100 m x 3.3 m PRI 987 112

Grid: 6601 x 501 x 21 = 6.9 x 10’
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Motivation

<

Can we use artificial intelligence (Al) techniques to reduce the cost?
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Strategy

Fully-converged instantaneous

Time- d flow field
turbulent flow field Ime-averaged Tlow Tie
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> Loss function and Physics constraints
=74
Governing equations for mean velocity:

Div =20
M = Conv+ P + Diff + RS

Difference between LES and CNN results:

ADiv = DivCNN — DivLES
AM = Mcyy — Mpgs

Loss function of CNN:
CNN

Loss = MSE(®.yy — Ppps) |+ MSE(ADiv) + MSE(AM)
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Training and validation cases

‘ilsl

4

Turbines s
D=15m

I
500 m 500 m 500 m

Validation cases

* Virtual Rivers are developed by Ajay B. Limaye from Department of Environmental Sciences, University of Virginia
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Training- mean velocit
< g Yy

 Run LES to produce training data / P \\ ——\ \

™,

Instantaneous velocity fields Training |
_ N sample ST
Time-averaged velocity fields
Inputs: instantaneous Training target: time-
e Train the Al model 3D flow fields averaged 3D flow field

Learning rate: 0.001

Optimizer: Adam
77 samples o

Converge Epochs: 1400 k R /

Training dataset
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Validation- mean velocity

Instantaneous
flow field

Prediction of
time-averaged
flow field

Time-averaged
LES Result
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Training- Reynolds stress

u’u,input = (urgs — Ucnn) (ULes — Ucnn) u'u’ output — (uLES Upps)(Upps — UpEgs)
A
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4

Input is the instantaneous
Reynolds stress, having a
highly heterogeneous
distribution

Rendering the distribution
more homogeneous by the
cubic root pre-processing

CNN
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Results- validation case | iucemage eror - 15z b
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Results- validation case | iucemage eror - 15z b
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Results- validation case [ e o - 121 vl
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> Parting thoughts
=4
 The Al model, with and without physics constraints, can successfully generate 3D realizations
of the time-averaged flow field of MHK turbine arrays in large-scale meandering rivers.
* The physics constraints significantly reduce the divergence and momentum indices in the
predicted flow field without impacting the computational cost or the accuracy of the

predictions.

 The developed Al generates the time-averaged flow field using roughly 2.8% of the LES
computational cost.

LES B ® Produce convergence flow

Al B Time-average
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