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Background

Flow Separation over Airfoils
• Airfoils are used to generate lift – higher angle of

attack generates higher lift.
• As the angle of attack increases, the adverse

pressure gradient slows down the incoming flow &
the loss of momentum will result in flow
separation which in turn creates a low-velocity,
high-pressure region over the airfoil

• Flow separation is accompanied by a sudden drop
in lift and increase in drag

Experimental Methods and Setup

Results: Phase-Locked PIV

Results: Wake Spectra.
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Retreating Blade Stall in Rotorcraft
• The airspeed of the retreating blade decreases as

the forward flight speed increases
• As the blade speed decreases, the angle of attack

must increase to equalize the lift generated
throughout the disk area

• As this increase in angle of attack is continued,
the blade will eventually stall at some high
forward speed

LES simulation of a UH-60 rotor wake,
NASA Ames Research Center 2014

Retreating Blade

Advancing Blade

• Plasma actuators known as nanosecond pulse-
driven DBD (NS-DBD) are used to control lift and
drag.

• Single dielectric barrier discharge actuators
employ an asymmetric electrode configuration to
generate an electric field

• High voltage ( 15 KV) pulses form low to high
pulse repetition rates (10-10 KHz) ionize air

• Pulse energy is 3 mJ
• Recombination processes release thermal energy

which heats up air
• Fast expansion as a result of thermal effects

generates shockwaves
• Currently it is not clear which one plays a more

important role in various scenarios: thermal
perturbations or propagating compression
waves

Voltage and current traces in a single pulse

Schlieren image sequence depicting the effect of a NS-DBD actuator on LE separation: (a) Shockwave generation (b) 
Thermal perturbations are convected downstream (c) Spanwise vortex is generated, Correale at al. 2011 

Objectives

• Investigate and characterize the performance of NS-DBD actuators in controlling static
stall over VR-7 airfoil.

• Explore the flow physics involved and understand control mechanisms. The
understanding gained will pave the way for dynamic stall experiments

2D-2C Particle Image Velocimetry (PIV)
• Side by side camera configuration allows for

simultaneous acquisition of 2D velocity fields over
the airfoil and in the wake region.

• For phase-locked data acquisition, the camera and
laser are triggered by the actuator signal.

Wake Spectra and Surface Pressure

Measurements
• Time-averaged surface pressure distribution is

acquired via scanner arrays at 1 Hz .
• Wake spectral content is acquired with a microphone

at 16 KHz.
• Microphone data are immune to corruption due to

EMI.

The experiments were conducted in a closed-
return wind tunnel at:

• 𝑅𝑒𝑐 = 500,000
• 18° angle of attack (post-stall regime)

• U∞= 37
𝑚

𝑠

The following diagnostic methods were employed
to characterize the flow and forcing effects:

Surface Oil Flow Visualization
• Laminar separation bubble

characterization
• Separation line location at

various angles of attack

• Vortices shed from LE and TE appear to be locked
together as the flow is forced at moderate
reduced frequencies.

• Large coherent structures explain the peaks
observed in wake spectra.

• By forcing at higher reduced frequencies, large
structures disintegrate into smaller structures.

• These structures are not as efficient as large
spanwise vortices in entraining the momentum
to the airfoil surface and therefore separation
area is increased compared to the cases where
flow is forced at lower frequencies.

• The phase-locked data indicate that flow
response is commensurate to forcing frequency.
Excitation of natural flow instabilities results in
growth of the perturbations imparted by NS-DBD
actuator into coherent, spanwise vortices.

Results: Ensemble-Averaged PIV

• Excitation with the NS-DBD plasma actuators significantly reduces the separated zone
identified by zero-velocity iso contours.

• Even at the most effective excitation Strouhal number based on separation area
(𝑆𝑡𝑒~1.20), the flow remains partially detached.

• Relatively small LE radius prevents full flow reattachment for the tested case.

• Plots of TKE and vorticity were employed as guidelines for positioning microphone to
acquire spectral content.

• Forcing at a specific frequency generated structures with different sizes that are shed
at that frequency and its harmonics.

Conclusion.

Results suggest that the primary mechanism of flow control is the excitation of natural
flow instabilities that grow the perturbations imparted by NS-DBD actuator into
coherent, spanwise vortices that entrain high momentum freestream flow to the surface
of the airfoil.

• Acquire more resolved phase-locked PIV data at higher forcing frequencies.
• Explore control effectiveness of shear layer forcing versus wake forcing.
• Investigate the role of thermal perturbations in NS-DBDs actuation mechanism.
• Explore the effect of geometrical imperfections introduced due to actuator’s presence.
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