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Active Flow Control

No Morphing

Parameters: Frequency, Location, Amplitude, Morphing type...

Simulation by V. Katam, R.P. LeBeau, University of Kentucky, Lexington, KY

Morphing Wing
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Problem Description

• Test Case : Flow over a NACA0012 airfoil with 
two suction and two blowing jets.

• Critical Parameters: Jet location, amplitude and 
angle.

• Genetic Algorithms: EARND GA and CGA

• CFD Code : GHOST
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Grid

Inlet

free-stream

free-stream

Outflow

Flow Conditions:
AH x AW = 8c x 12c
Jet width = 0.025c
Total grid points: 180,000
Steady state
Total iterations = 35, 000



3

March 6, 2007 532nd AIAA Annual Dayton-Cincinnati Aerospace 
Science Symposium

55

Parameters

0 s
θ = 900

θ = -900

Lj

180

A

NACA 0012 Airfoil Suction/Blowing Control

Re = 500,000
α = 180

Control Parameters

1. Jet Location (Lj)
2. Amplitude (A)
3. Angle (θ)

Two blowing jets
Two suction jets

Jet Parameters:
Jet location (Lj): 0.05 – 0.80
Suction jet-1 amplitude (Ajs1): 0.02121 (fixed)
Suction jet-2 amplitude (Ajs2): 0.0 – 0.02121
Suction angle-1 & 2 (θs): -90o – 0o 

Blowing jet-1 & 2: (Ab1,2): 0.0 – 0.1414
Blowing angle-1&2 (θb): 0o – 90o
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Continuous Genetic Algorithm

Population Calculate 
Fitness

Solution
Found?

Stop 
Iterations

Genetic
OperatorsOffspring

Parents

Evaluation
Selection (Fitness based)
Crossover
Mutation

No

Yes

Initialize 
Population

Pc = Best 50%
Pm = 0.15
Npopsize = 56
Generations = 50
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EARND Genetic Algorithm

Genetics:
PC = 0.2
Pm = 0.1
NPopSize = 56
NUpdate = 8

Generations = 50

Real-Coded

No

Initial Generation
(the 0th generation)

Terminate
Condition

Yes

Operation
1. Evaluation
2. Selection*
3. Crossover
4. Mutation

New Generation
(descendants)

End

Normal Distribution
on every next

NUpdate Generation

Explicit Update Range
on every next

NUpdate Generation
last 50% evolution

Diversity Control
during the initial
20% evolution

Explicit Adaptive Range Normal Distribution (EARND)

March 6, 2007 832nd AIAA Annual Dayton-Cincinnati Aerospace 
Science Symposium

88

Fitness

max( ) / /A l lB dB dFit a C C b C C= ⋅ + ⋅

lC

lBC

- Coefficient of lift

dBC

dC - Coefficient of drag
- Baseline lift coefficient 
- Baseline drag coefficient 

a & b are set such that the baseline fitness is 2.0
no jets – baseline case
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GHOST
• In-house incompressible CFD code 
- Originally developed by Dr. P.G. Huang

• 2D Navier-Stokes equations solver
• Finite-volume, structured
• 2nd order accuracy in time and space
• QUICK and TVD – for discretization
• Menter’s SST two equation turbulence model
• Diffusive terms – central difference
• Pressure – Rhie and Chow
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Computation Platform
CFD ME
• 64 nodes
• Xeon 2.66 GHz, 1 GB, 
• Dual-switch Gb,15 Gb bridge
• 23 CPU hrs/individual
KFC5
• 47 nodes
• AMD 3200+, 64 Bit, 512 MB
•Single-switch fast Gb ethernet
• 9 CPU hrs/individuals
KFC6
• 47 nodes (24 Intel + 23 AMD)
• AMD 4600+, 64 bit, 1GB ram
• Intel Core 2 Duo (e6400), 1GB
• Single-switch fast Gb ethernet
• 6 CPU hours/individual
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Four Jet Results - CGA
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Four Jet Results - CGA
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Four Jet Results – EARND GA
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Four Jet Results – EARND GA



8

March 6, 2007 1532nd AIAA Annual Dayton-Cincinnati Aerospace 
Science Symposium

1515

Final Jet Configuration

Baseline - no jets Jets at optimum location using CGA

EARND GA optimum configuration:

CGA optimum configuration:

Suction Jets

Blowing Jets

2.190980.149660.99610.04230.5970.52180.0206-2.2890.09410.092826.190.714984.3770.0500

FitCdClAb2θθθθb2Lb2As2θθθθs2Ls2Ab1θθθθb1Lb1θθθθs1Ls1

2.122830.148360.92520.1.0045.000.61870.02120.000.220.141490.000.800-90.000.05

FitCdClAb2θθθθb2Lb2As2θθθθs2Ls2Ab1θθθθb1Lb1θθθθs1Ls1
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Closing Comments

• Four jet results of both GA approaches drive towards similar jet
configuration but CGA performs better in this particular problem.

• Improvement in fitness: CGA ~ 9.5% and EARND GA ~ 6.0%

• Unsteady case: A test case with time dependent synthetic jets is in 
development. 

7.86%3.75%EARND GA

7.05%11.70%CGA

CdCl
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