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Agenda

• Langley historical DBD studies

• Current DBD supersonic flow control

• Comments on AVT-190 DBD plans
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Historical DBD Work
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Background

• Initial studies in 1995 in cooperation with University of Tennessee/Knoxville (Roth)
• Called OAUGDP ( “One Atmosphere Uniform Glow Discharge”)
• Measured  direct, low speed drag on large electrode array panels 
• Depending on electrode orientation could get drag increase or reduction 

(thrust effect) 
• Flow visualization revealed local body force
• Published in AIAA 1998-0328/AIAA J v38 n7 pp1166-1172 (2000)
• US Patent 6200539 (UTK/NASA)

• Subsequent efforts to improve performance by phased, oscillating and AC/DC 
operation were  unsuccessful

• NASA Langley last  internally funded DBD work in 2003

• Work continued at NASA GRC for internal flows and on a few university grants and 
small business contracts.

• DBD work continues today mainly under Air Force and commercial sponsorship.
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Low Speed Drag Studies (1995-97) 

See AIAA Paper 1998-0328  and  AIAA J. v38 n7 pp 1166-1172 (2000)

7x11 Inch Low Speed Tunnel (< 40 m/s) DBD array on drag balance (L~ 0.3m)
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Typical OAUGDP Panel
Spanwise, Symmetric Electrodes (C7-C)

26 etched copper electrodes
0.5 mm width

10.5 mm center spacing

Bottom planar
electrode

(dashed outline)
C

7
-C

Power input

Bus bar

0.75 mm thick
woven-glass/epoxy

circuit board

305 mm

U
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Plasma 
On

Plasma 
Off

3020

30

Panel C7-A - Streamwise, Symmetric Electrodes
3 kHz      4 kVrms

U
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10.5 mm

Smoke Wire Flow Visualization for Panel C7-A

E=3 kV rms F=3 kHz
Y/ ~ 0.33        U = 4 m/s

U

begin plasma 10



(a) Plasma Off

(b) Plasma On, E ~ 4.5 kV rms, F = 3 kHz

0.5 mm upper electrode3 mm lower electrode

~15 mm

laminar jet of titanium tetrachloride 
vapor (est. 1-2 m/sec)

1.6 mm ID tube

Demonstration of OAUGDP Paraelectric Force 
Due to a Single Asymmetric Electrode Pair
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Current Supersonic DBD Flow Control
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Cross Flow Instability Simulation
7-Degree Cone        Mach6
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0

= 0.050 mm (0.002 in.)

Cone half-angle = 7 degrees.

Angle of attack = 6 degrees.
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Crossflow Vortices Originating from 
Roughness 1 and 2

Roughness 1

Roughness 2
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Reference: AIAA Paper 2010-4718 



Notre Dame/NASA  Cross Flow Instability Control 
by Distributed Roughness

m=0   Plain tip, natural roughness
m=45 Most Amplified Wavenumber (critical)
m=68 3/2 x Most Amplified Wavenumber (subcritical)

Xforcing=0.5in

λ
d
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DBD Plasma “Bumps” Replace 
Physical Roughness

 Replacing Dimples with DBD Plasma 
Actuator array

M=68 DBD plasma actuator array on cone tip
500nm thick vapor deposited copper electrodes

m=68 DBD 
plasma array at 
3.5kVpp in a 
vacuum vessel, 
dielectric: 
0.5mil thick 
kapton

Plasma-Dots (ø75 μm)



Current AVT190  DBD Work
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Original  DBD Force Balance at USAFA
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Force Sensor

Development of a Canonical Force Balance
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 UY2
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Steady, integral momentum equation for an arbitrary control volume:

By Newton’s 3rd law,  if R is the total combined force on 
the model from all sources, an equal and opposite 
force, -R’, acts on the control volume

Applying the momentum equation to CV in figure:

Assuming constant pressure,  the pressure integral 
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Summary

• Any force balance for a DBD actuator will measure the 
net effect integrated skin friction, pressure, and 
induced momentum flux 

• The  body force can only be determined  by subtracting 
viscous and pressure contributions.

• Does a better DBD geometrical arrangement of the 
DBD exist that minimizes viscous and pressure 
contributions?

• Should the effort be expanded to include velocity 
profile measurement?
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END
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