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Outline

• Problem Description
• GA-CFD 
• GA-NN 
• GA-NN-CFD � �



2

January 9, 2007 345th Aerospace Sciences Meeting and Exhibit 33

Problem Description
• Apply Genetic Algorithms to optimize multi-

parameter systems defined by complex 
fluid flows

• Determine the fitness through CFD 
simulations

• Target flows have high computational 
costs for each simulation
– Active flow control
– Sensor location on atmospheric probe

• Design robust search algorithm with fewer 
simulations
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Four Jet Simulations
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180 K gridpoints
y+ ~ 1
Parameters:
Lj: 0.05 – 0.80
qS: -90o – 0o

qB: 0o – 90o

AB: 0.0 – 0.141
AB: 0.0 – 0.0212

0 s
q = 900

q = - 900

L j

180

A

NACA 0012 Ai r f oi l Suc t i on/ Bl owi ng Cont r ol

Re = 500, 000
a = 180

Control Parameters

1. Jet Locat i on ( L j )
2. Ampl i t ude ( A)
3. Angl e ( q)

Two blowing jets
Two suction jets
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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
• Parallel, but embarrassingly so…
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Kentucky Fluid Clusters
KFC5

• 47 nodes
• AMD64 3200+ (Venice)
• 512 MB/node
• Single-switch Gb ethernet
• 29 hrs/gen on 19 nodes

KFC6A
• 24 nodes
• AMD64 4600 dual core (AM2)
• 1 GB/node
• Single-switch Gb ethernet
• 23 hrs/gen on 19 nodes
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Genetic Search Algorithms

• EARND with Diversity Control
– Previously used on two jet simulations
– Fitness-weighted random selection to produce 

base next generation
– 20% crossover, 10% mutation
– Diversity control to encourage individual variety in 

first 25% of evolution
– Explicit range narrowing in last 50% of evolution
– 50 generations, 56 individuals per generation
– 11 parameters (Suction jet 1 amplitude = 0.02121)
– Fitness:  

(FitA)max = a×Cl /ClB + b×CdB /Cd , a =1, b =1
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Genetic Search Algorithms

• Continuous GA
– Most fit 50% of previous generation retained
– Crossover of most fit 50% to produce other half of 

the generation 
– 15% mutation
– 50 generations, 56 individuals per generation
– 11 parameters (Suction jet 1 amplitude = 0.02121)
– Fitness:

(FitA)max = a×Cl /ClB + b×CdB /Cd , a =1, b =1
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Results: Continuous GA
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Results: Continuous GA

2.191

2.180

0.715

0.522

0.050
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Results: Continuous GA

26.2

0.6

0.093
0.042

-84.4

0.021

-82.3
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Results: Continuous GA
NO JETS ALL JETS

SUCTION JETSBLOWING JETS
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Results: EARND GA
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Coda II Flight
CODA (Coupling of Dynamics and Aurora)

•• One of two sounding rocket campaignsOne of two sounding rocket campaigns
sponsoredsponsored by NASA (Contract # NAG5by NASA (Contract # NAG5--5187)5187)

•• Study the effects of an active auroraStudy the effects of an active aurora
(geomagnetic(geomagnetic storm) on the neutral atmospherestorm) on the neutral atmosphere

--Localized heating of neutral particles fromLocalized heating of neutral particles from
electrojet currents is thought to significantlyelectrojet currents is thought to significantly
influence atomic oxygen AO concentrationsinfluence atomic oxygen AO concentrations
in the upper atmosphere in the upper atmosphere 

•• Contained USU ATOX sensor designed toContained USU ATOX sensor designed to
measuremeasure AO concentrations using resonantAO concentrations using resonant
fluorescence/absorption technique.fluorescence/absorption technique.

•• Launched February 21, 2002: 9:55 UT;Launched February 21, 2002: 9:55 UT;
65 deg. N. Latitude, 147 deg. W. Longitude65 deg. N. Latitude, 147 deg. W. Longitude

Apogee=139.7 km

Data end = 60.2 Km.Data start = 69.1 Km.
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Uncorrected CODA II DATA

• AO concentration data highly dependent on up-leg/down-leg trajectory 
and rocket orientation

Cross-track

Orientation Uncorrected CODA II Data

January 9, 2007 1645th Aerospace Sciences Meeting and Exhibit 1616

CODA II Geometry & USU ATOX Sensor

• VUV lamps electronically excite 
internal oxygen atoms to produce 
130 nm triplet radiation

• Emitted radiation is broadcast over 
small measurement volumes

• Boom mounted absorption 
photometers measure the amount of 
radiation unabsorbed

• Resonant fluorescence photometers 
measure the radiation absorbed by 
AO and re-radiated

Sensor Field of 
View (FOV)

ATOX 
Sensors
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Geometry and grid generation
~ 5 million gridpoints
y+ ~ 1
Parameters
Boom length: 0.05 – 0.80
Boom location:
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Uinta
Uinta

• 64 nodes
• Two dual-core AMD 
Opteron 265
• 4 GB/node
• Three networks
• 2 days/simulation on 16 
nodes
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Optimization Approach

• EARND GA using interpolated fitnesses of 20 
OVERFLOW2 simulations

• ?? Crossover, ?? Mutation
• 2 parameters

– Distance from tip of rocket

– Length of boom

• How many generations, ind/generation?
• Fitness evaluated by proximity of the orientation 

ratios of AO concentration to unity 
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Sensor Volume Location 
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Sample Flow Solution
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Result: EARND GA

• Best result
– 2.70 m from top
– 0.5-0.6 m from the rocket
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Concluding Remarks

• Continuous GA determined optimal 
configuration for four jet problem

• EARND GA with fitness interpolation
determined improved configuration for 
atmospheric probe problem

• EARND GA failed to determine optimal 
solution for four jet problem

• Predetermining likely success of GA with a 
simple representation of fitness function 
(interpolation, neural net) would be 
particularly useful


