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Motivation

able to accurately simulate jefts
Current RANS models struggle

There have been many attemg
flow, with varying degrees of s

We seek data-driven non-linec
predictions in jets in crossflow

In this study, we compared twa
Gene Expression Programming




Non-Linear Eddy Viscosity Models
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The goal of the machine learning al




What is Machine Learninge

e Data-driven algorithms to discern patterns and make predictions on big,
high-dimensional data

* Linear regression, support vector machines, neural networks
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Gene Expression Programming

Symbolic regression

Each analytic expression is
expressed as a chromosome

Mutation, recombination, and
survival of the fittest used to
arrive at optimal expression




Gene Expression Programming

( Training Phase )

Database Optimize GEP to model
[ J LES and F-RANS  LES Reynolds stress Trained
" anisotropy tensor given GEP Model
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Deep Neural Networks

Tensor Input Layer V%

Invariant Final Hidden
Input Layer Hidden Layers Layer c"

I1, I2, ...




Deep Neural Network

( Training Phase J
Optimize DNN to
map from RANS

RANS & LES .

> state variables to
LES Reynolds stress

anisotropy tensor
'SI::‘I DIIJII?: (Prediction Phase )
Vali daﬁ oh Given RANS state
Set: SJiIC L. variables, use DNN
RANSVEL 1O predict Reynolds

LES a;

stress anisotropy tensor

| DNN o;

Trained
DNN Model

[Evaluation Phase )
Compare predicted
Reynolds stress
anisotropy tensor to
LES anisotropy tensor
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Comparison of Methods

Data preparation:
« GEP approach uses froze
 DNN approach uses nor

Algorithm:
« GEP approach uses symk
 DNN approach does not




Flow Configurations

Two jet in crossflow configure
* Inclined Jet in Crossflow (|
« Skewed Jet in Crossflow (S

High fidelity LES available fo
« Thoroughly validated ago
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Results

Anisotropy along vertical profile a
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Results

Anisotropy along vertical profile a
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Results

GEP F-RANS DNN RANS
0.093 0.152

0.078

0.141

GEP reduces R
DNN reduces R




configurations

After being trained on just one
provide significantly improved ¢
complex) JiC data set

Take aways:

« Side by side comparisons of G
moving this field forward
These methods have the pofs
simulate flows and how we |e

Next steps:

« Try mixing and matching datg
« Train and validate on many

« Forward propagation to meo




References

Ling, Julia, Andrew Kurzawski, and Jeremy Templeton. "Reynolds averaged turbulence modelling
using deep neural networks with embedded invariance." Journal of Fluid Mechanics 807 (2016):
155-166.

Ling, Julia, et al. "Uncertainty analysis and data-driven model advances for a jet-in-crossflow."
Journal of Turbomachinery 139.2 (2017): 021008.

Weatheritt, Jack, and Richard D. Sandberg. "Use of Symbolic Regression for construction of
Reynolds-stress damping functions for Hybrid RANS/LES." 53rd AIAA Aerospace Sciences
Meeting. 2015.

Weatheritt, Jack, and Richard Sandberg. "A novel evolutionary algorithm applied to algebraic
modifications of the RANS stress—strain relationship." Journal of Computational Physics 325
(2016): 22-37.



Questions?e




