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Problem Description

» Heightened interest in active flow control
— Plasma actuators
— Suction and blowing
— Synthetic jets
— Morphing surfaces
» Challenge to determine best configuration
— Experiment
— Simulation
— Tria & Error
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Problem Description

» Simulation challenge
- Complex flows (Unsteady, 3D)
- Establishing accuracy
- High computational costs
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Example Problem

140-150K points
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Example Problem

CFD CODE - GHOST (P.G. Huang)

* In-house incompressible CFD code

* Full 2D Navier-Stokes equations solver
* Finite-volume, structured

« 2nd order accuracy in time and space

» Advective terms— QUICK

* RANS turbulence models- TVD

* Diffusive terms — Central difference

* Pressure — Rhie and Chow
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Computational Platforms

Original Platforms

KFC2

* 48 nodes

* AMD 1800+XP, 256 MB

» Channel-bonded fast ethernet
» 34 CPU-Hours/Individual
CFD ME

* 64 nodes

* Xeon 2.66 GHz, 1 GB,

* Dual-switch Gb, 15 Gb bridge
» 23 CPU-Hourg/Individual

* Single-switch Gb ethernet
» 8 CPU-Hourg/Individual
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Computational Platforms

Current Platforms

KFC5

* 47 nodes

* AMD64 Venice 939, 512 MB
(KFC4a)

* Single-switch Gb ethernet
» 8 CPU-Hourg/Individual
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Example Problem
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BLOWING LOCATION

SUCTION LOCATION

Example Problem
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Computational Cost: GA-CFD

» Computational optimization - CPU cost drop by 74%
(34 CPU-hoursto 9 CPU-hours/individual)
* Improvements from:
— Embarrassingly parallel (no load balance issues)

— Accelerated code performance (L1 miss rate = 0%, L2D
miss rate < 1%)

— Better technology (64-bit, faster processors)
* 3200 simulations = 1,200 CPU-days = 3.3 CPU-years
* Still need to reduce by an order of magnitude

— More computer power

— New numerics

— Approximation model for fitness computation
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Neural Network

3 layer network Lift, Drag, Fitness
—1input layer — Jet parameters
— 1 output layer —lift, drag
— 1 hidden layer —varying hidden layer
number of nodes (6-207?)

Trained from GA-CFD input layer
simulations — first 161 points
Cross validation with another 200 Jet Parameters
to avoid overfitting

Lift, drag currently each have
their own GA, results combined
to generate fitness
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output layer

GA-NN

Will replace with better drawing
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GA-CFD: Four jet

Will replace with schematic of new GA-CFD
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GA-CFD: Four jet

1 blowing jet
2 suctionjet 27 blowing jet
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GA-CFD: Four jet

1% blowing jet
2nd syction jet 27 blowing jet
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GA-NN: Four Jet
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Computational Cost: GA-NN

Creating the Training data set
— 8 hours per individual
— 161 individuals : 53 CPU days
Training the network
— One network about 1-2 hours
— Training atotal of 20 networks-> 1 CPU day
— Could be parallelized (trivial)
Running the GA-NN
— 21 seconds

Total 54 CPU days, but highly parallelizable, could be done in aday on
acluster or overnight on workstations

June 7, 2005 17" AIAA Computational Fluid Dynamics UH(

Conference and Exhibit

GA-NN improvements

Develop better training sets (generation 0 in 2 Jet
caseisnot very random)

Develop guidelines for network architecture
Automate process of training and validation of NN

Use NN to improve GA
— Test different GA approaches (runtime only 20 seconds)

— Tune GA for optimization with alimited number of
indivduals
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GA-NN-CFD concept

Generate training set either through systematic CFD
simulation, few generations of GA-CFD, or other CFD
approach

In parallel, train NN’ s and compute cross-validation cases
Cross-vaidate NN’s, choose best

Conduct GA-NN for multiple GA’s, initial data sets over
fixed number of generations (or use convergence criteria)

Isolate regions in parameter space with high fitness from
GA-NN

Conduct limited GA-CFD simulationsin high fitness
regions
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Closing Comments

Incorporating a neura network into a GA-CFD
has potential for dramatic speed gains

Better training approach for the NN is needed

NN can be used to design better GA for given
problem

Always must validate NN results against CFD
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