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The paper presents a review of data on controlling boundary layer attachment and noise 
reduction by plasma actuator with high-voltage pulsed periodic nanosecond excitation.  

A vacuum blow-down wind tunnel has been used for the experiments at transonic 
velocity. The system was modernized to perform the experiments in pulse regime. The nozzle 
with working chamber operates at Mach numbers from M = 0.6 to M = 0.9. The vacuum tank 
was pumped by two plunger pumps with a net productivity of 360 l/s. The cross-section of the 
wind tunnel working chamber was 12x24 cm2. This allows the use of airfoils with a chord 
length up to 10 cm without choking the flow. We have chosen the Lockheed-Georgia C-141 
transonic wing airfoil for the experiments. Sixteen pressure ports were used to obtain the 
pressure distribution along the model surface. The system of 16 pressure gauges was assembled 
with additional electrical screening to minimize the influence of the discharge noise. Also, the 
pressure distribution in the wing wake was measured by a set of Pitot tubes. The temporal 
resolution of the gauges was on the order of several milliseconds. 

The model was covered by two layers of dielectric. The first insulating substrate 
separated the electrode system from the metallic model, while the second layer was situated 
between the electrodes. The substrate consisted of six layers of PVC film with a total thickness 
of 0.42 mm; the thickness of the dielectric layer between the electrodes was 0.28 mm. 

The discharge impact on the flow pattern near the surface has been investigated. The 
Mach number was equal to M = 0.65 - 0.6; 0.7 - 0.65; or 0.74 - 0.69 in different experiments. 
The discharge frequency in the experiments was equal to 5 kHz. To compare the regimes with 
and without discharge, the angle of attack was changed, and then the discharge was switched on 
for 5 seconds. Immediately after, the discharge was switched off. Then, the attack angle was 
changed again. The pressure distribution, both for the upper and lower surfaces, was obtained. 
The plasma impact was investigated for angles of attack between 0 and 300. 

An unseparated flow regime with local supersonic zone and shock wave formation was 
observed for small angles of attack. These regimes were clearly identified by the pressure jump 
in the middle of the airfoil surface. This jump is associated with the shock wave location. The 
discharge impact for angles within the range of 0-150 is negligible. For higher angles of attack, 
the flow separation is observed and the pattern of pressure distribution changes. For angles of 
attack higher than the stall angle, the discharge switches the flow to the unseparated flow 
regime.  
The discharge was able to remove high-frequency pulsations in the wake of the model. The data 
from the pressure gauges for Mach number M = 0.7 are presented in Fig.1 to illustrate the noise 
reduction.  

Gauge N1 records the pressure at the upper surface of the model and shows the change 
in the attack angle. Gauges N2-4 are placed in the wake of the model. Pressure pulsations in the 
wake disappear when the discharge is switched on. This effect was observed at high angles of 
attack (starting with α = 240) for Mach number M = 0.65 - 0.75. The mean pressure value near 
the model surface does not change significantly, while high-frequency pulsation amplitude 
decreases dramatically. Thus, the study of separation control for the model of C-141 airfoil has 
been carried out at transonic velocities (M = 0.65- 0.75). Dielectric barrier discharge plasma 
was used for separation control. The effects of the angle of attack and flow Mach number on the 
efficiency of flow control were studied in experiments. Nonequilibrium plasma impact was 
observed for angles of attack from 18 to 300. The discharge removes both flow separation and 
high-frequency pulsations in the wake. These experiments demonstrate a possibility of transonic 
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flow separation control using low-energy pulsed nanosecond surface dielectric discharges. 
Further optimization of discharge parameters to improve the efficiency of flow control in 
transonic regimes is needed. 

 

 
Figure 1. Noise reduction in the wake of the model. Mach number M = 0.7. Total pressure P=1 
atm. 
 

The results have demonstrated that nanosecond pulsed voltage is highly efficient 
compared to AC sinusoidal voltage. However, measurements of actuator-induced gas velocities 
show near-zero values for nanosecond pulses. Thus, it can be concluded that the physical 
mechanisms of DBD impact on the flow are greatly different for pulse periodic nanosecond and 
AC sinusoidal voltage. 

The measurements performed have shown overheating of the discharge region under 
fast (τ < 1 µs) thermalization of the plasma inputed energy. The emerging shock wave, together 
with the secondary vortex flows, disturbs the main flow. The resulting pulsed-periodic 
disturbance causes an efficient transversal momentum transfer into the boundary layer and 
further flow attachment to the airfoil surface. Thus, the change of physical mechanism of flow-
discharge interaction is the main difference between the nanosecond discharge and AC 
discharge when applied to the asymmetric aerodynamic actuators. In the case of an AC 
discharge pulse, the momentum transfer from the electric field to the gas and near-surface flow 
acceleration is the main mechanism of impact. In contrast, for pulsed nanosecond periodic 
DBD, the main mechanism of impact is the energy transfer to the near-surface gas and the fast 
heating of the layer. The measurements have shown that the mean values of such heating for the 
plasma layer can reach 70, 200, and even 400 K for 7-, 12- and 50-ns pulse durations, 
respectively. The ensuing pulse-periodic vortex movement stimulates redistribution of the main 
flow momentum. 

The experiments have shown high efficiency of the given mechanism to control 
boundary layer separation, lift and drag force coefficients, in addition to acoustic noise 
reduction in the Mach number range of 0.05 to 0.85. 


