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ABSTRACT 
In our study we are interested with the DC (Direct Current) electric corona discharge created between two wire 
electrodes. We present experimental results related to some electroaerodynamic actuators based on the DC corona 
discharge at the surface of a dielectric material. We used different geometrical forms of dielectric surface such as a 
plate, a cylinder and a wing of aircraft of type NACA 0015. We present the current density-electric filed characteristics 
for different cases in order to determine the discharge regimes. The corona discharge produces non-thermal plasma so 
that it is called plasma discharge. Plasma discharge creates a tangential ionic wind above the surface at the vicinity of 
the wall. We have measured the ionic wind induced by the corona discharge in absence of free external airflow, we give 
the ionic wind velocity profiles for different surface forms and we compare the actuators effect based on the span of the 
ionic wind velocity values. We notice that the maximum ionic wind velocity is obtained with the NACA profile, which 
shows the effectiveness of this actuator for the airflow control. 
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1. INTRODUCTION 
Actually different plasma actuators are studied, including 
DC glow discharge (Kimmel et al. 2004, January), dielectric 
barrier discharge (DBD) (Corke et al. 2004, January and 
Roth 2003), radio-frequency glow discharge (Merriman et 
al. 2001, August) and filamentary arc discharge (Samimy et 
al. 2004). These actuators are considered for the airflow 
control which is a very interesting purpose and which has a 
great importance in aerodynamics. A great number of well-
known aerodynamic applications have been studied. These 
actuators act on an incompressible fluid flow being the 
subject of some numerical studies (Rahmati et al. 2009 and 
Mahanti et al. 2009). The corona discharge may be used as 
an air-moving mechanism in order to modify the airflow 
around an obstacle (Léger et al., 2001, Artatna et al., 1999; 
Desimone et al., 1999 and Artana et al., 2000). An 
important characteristic of the electroaerodynamic actuators 
is the tangentially energy injection to the surface, this 
property justifies the actuators efficiency. Léger et al. 
(2002) showed through their experimental study of the DC 
corona discharge, that the ionic velocity at the wall increases 
with the discharge current and reaches about 3 m/s. An 
experimental investigation of the dielectric-barrier-discharge 
conducted by Forte et al. (2006) showed that an 
optimization of some plasma actuator parameters may lead 
to a produced ionic wind with a velocity up to 7 m/s at 0.5 
mm of the wall, for a single actuator and 8 m/s for multiple 
actuators. The plasma actuators are used to leading edge 
separation control on airfoils (Corke et al. 2004, Post et al. 
2006 and Patel et al. 2008); it is showed experimentally that 

they may increase the maximum lift coefficient. 
Numerical and experimental studies led by He et al. 
(2007) showed that the plasma actuators could be 
effective in controlling the turbulent flow separation. 
Suchomel et al. (2003, June) provide an overview of 
different plasma technologies currently under 
investigation for aeronautical applications. Moreau (2007) 
talked in his review about worldwide works on flow 
control methods, such as the use of mechanical flaps, wall 
synthetic jets or MEMS (Micro-Electro-Mechanical 
System) and plasma-based devices. He evoked in a first 
part the electrical and mechanical characterization of the 
plasma actuators in the absence of a free air stream. 
Indeed, although many researchers study the effects of 
plasma actuators on airflow, only a few study the 
discharge induced electric wind in the absence of free 
airflow. However, this study seems crucial to be able to 
optimize and to well know the mechanical effects of such 
actuators in order to use them efficiently for flow control. 
Consequently, the goal is to describe briefly the physics 
and electrical parameters of atmospheric plasmas, and 
then to focus more particularly on the mechanical effects 
of the discharge, such as electric wind, induced body force 
and induced kinetic power. Moreau (2007) evoked, in his 
review, a second part that deals with the application of 
plasma actuators for airflow control so he presented the 
worldwide works on this topic. He said that, regarding the 
large number of publications, plasma actuators have 
shown their good efficiency for airflow control at 
velocities up to 30m/s, and some significant results have 
been obtained up to 110m/s and more. 
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In this paper we present our experimental device, we 
describe our studied configuration, then we give our 
experimental results based on the electric and mechanic 
behaviours of the DC corona discharge. In fact, we have 
used different dielectric support surfaces and different 
geometry forms for these supports; also we varied the nature 
of the conductive electrodes. The discharge has a dynamic 
effect due to the created ionic wind which is also called 
electric wind. We studied the ionic wind in absence of an 
external airflow. We show the electrical characteristics 
given by the curves of the current density versus the electric 
field and we present the profiles of the ionic wind for 
different forms of the dielectric surface in order to justify 
the mechanical effect of our actuators. 

2. EXPERIMENTAL SET UP 
The applied High Voltage (HV) between the two electrodes 
is delivered by a HV generator. The electrodes are two 
parallel conductive wires flash mounted at the surface of a 
dielectric material. The anode, having the lower radius, is 
submitted to a positive high voltage (from 25 kV to 40 kV), 
while the cathode is connected to the ground. The two 
electrodes have the same length that is equal to 20 cm for all 
studied cases. The measurement of the ionic wind is done by 
a glass “Pitot” tube linked to a micromanometer “Furness 
Controls”. The Pitot tube is made of glass in order not to 
disrupt the discharge. The outside and inside diameters of 
the Pitot probe are respectively 8mm and 6mm and for the 
probe point they are respectively 2.5mm and 1.5mm. 
Velocity profiles are obtained while displacing the Pitot tube 
along the y axis (y axis is of the increasing altitudes) with an 
automated displacing system. The point of velocity 
measurement is marked by x (Fig.1). We have studied four 
geometrical forms of dielectric surface corresponding to 
four insulating material types. In the first case the two 
electrodes are printed at the surface of a positive pre-
sensitized epoxy plate used for printed circuits, the anode 
and cathode diameters are respectively 0.5 mm and 2 mm 
with an electrode gap of 40 mm. In the second case the 
electrodes are two copper wires encrusted into two grooves 
at the surface of a Plexiglas (PMMA) flat plate and they are 
distant with 30 mm, the anode diameter is 0.4 mm while the 
cathode has 2 mm as diameter. The electrodes gap is less 
important than the previous case so that we bring another 
case different from what is very studied for the PMMA plate 
in the literature, so we can draw the effect of the inter-
electrodes gap. For the third case, the discharge is studied at 
the surface of a NACA 0015 profile made of wood. It is a 
symmetric profile, having a chord of 20cm, a thickness of 
3cm and its curvature is equal to zero. For this last case, the 
two electrodes are printed on two (10 mm×30 mm) plates 
having a thickness of 1.5 mm, these two plates are placed 
into two grooves at the surface of the wood profile. The 
profile surface wood is covered by a layer of varnish. The 
anode and the cathode are distant with 40 mm and they have 
respectively as diameters 0.5 mm and 2 mm (Fig. 1). 

The fourth case corresponds to two copper wires placed into 
two grooves diametrically opposed at the surface of a Teflon 
(PTFE) cylinder and having diameters of 0.4 mm and 2 mm 
respectively for the anode and the cathode. The internal and 
external diameters of the PTFE cylinder are respectively 20 
mm and 30 mm. The two electrodes are diametrically 
opposed, so that their coordinates are: yanode =0mm, ycathode = 
-30mm, xanode = 0mm and xcathode = 0mm. 

 

 

 

                                        

 

Fig. 1. Scheme of the Experimental set up (Case of the 
NACA 0015 profile) 

The transversal electric resistivity of the different 
dielectric materials used in our experiments varies from 
1015 to 1018 Ω/cm. Indeed, our study isn’t focused on the 
dielectric behavior of these materials which are used only 
as discharge support. These materials are chosen with a 
large electric resistivity in order to obtain a stable electric 
discharge. 

3. ELECTRIC CHARACTERISTICS 
We have drawn the linear current density-electric field 
characteristics in order to have an idea about the current 
values and especially to characterize the discharge 
regimes. In fact, discharge regimes are classified 
according to the current density values (Moreau et al. 
2002). All measurements are made without any spark. 
Figures 2, 3, 4 and 5 show that for the cases of the printed 
plate, the Plexiglas plate and the NACA profile we 
obtained current density values of 1,8 mA/m to 2 mA/m 
while for the PTFE cylinder the maximum current density 
is of 0.8 mA/m. These values correspond to the “High 
spot” regime that’s now called “CORONA” regime and 
which is the most stable discharge having the highest 
current. 
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Fig. 2. Current density-electric field characteristics for a 
discharge at the surface of a printed plate (d: electrode 

gap) 
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Plexiglas plate (d= 3cm)
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Fig. 3. Current density-electric field characteristics for a 
discharge at the surface of a Plexiglas plate (d: electrode 

gap) 
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Fig. 4. Current density-electric field characteristics for a 

discharge at the surface of a NACA 0015 profile (d: 
electrode gap) 

 

PTFE cylinder

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 2 4 6 8

Electric f ield (kV/cm)

C
ur

re
nt

 d
en

si
ty

 (m
A/

m
)

 
Fig. 5. Current density-electric field characteristics for a 

discharge at the surface of a PTFE cylinder 

4. IONIC WIND VELOCITY PROFILES 

4.1 Ionic wind 
The electric wind is due to the collisions between the ions 
that drift and the neutral particles in the electrode gap region 
(Moreau 2007). The plasma discharge can create an 
acceptable ionic or electric wind that is proportional to the 
corona current. However, although the electron velocity is 

much higher than the ion one, but we can neglect the role 
of electrons because their mass is very low compared with 
the ion one (Moreau 2007). The first expression of the 
electric wind velocity was given in 1961 by Robinson 
(1961): 

µρ
ikGv ×=

                                                                 (1) 

where k is a constant that depends mainly on the electrode 
geometry, i the time-averaged discharge current, ρ the gas 
density and µ the ion mobility. This shows that the electric 
wind velocity is proportional to the square root of the 
current (Moreau 2007). 

In 1993, the expression of Robinson was completed by 
Sigmond and Lagstadt (Sigmond 1993): 

GA
di

Gv
µρ

=
                                                            (2) 

with d the electrode gap and AG the discharge cross-
section. 

 
4.2 Velocity profiles 
The measurement of the electric wind, created above the 
surface of a dielectric material, enables us to evaluate the 
dynamic effect of the discharge and then judge its effect 
on the airflow control. Moreau (2007) confirmed that the 
works on airflow control by electrical discharges dealt 
with dc coronas. 

4.2.1 Velocity profile at the surface of PMMA 
plate 

We present in Fig. 6 the velocity profile for a voltage of 
25 kV and for two x values. The corona current is equal to 
120µA.  The maximum velocity is obtained at x = 5 mm 
and y = 1.4 mm. We observe that the electric wind 
velocity is more important near the plate and it decreases 
when we move away from the wall. Downstream the 
discharge, when we move far from the anode, the velocity 
is less important. 
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Fig. 6. Ionic wind velocity profiles for a PMMA actuator 

for two x values 
 
A study done by Léger et al. (2002) showed, for a close 
case but with electrodes length of 30cm and a current of 
250µA, that at 10mm upstream the cathode (x = 20mm) 
they obtained a maximum velocity of 1.6m/s. In our case, 
in spite of the lower current value we have obtained 
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almost the same velocity (1.59m/s), so the smaller electrode 
length and inter-electrodes gap can give a comparable ionic 
wind. 
 
4.2.2 Velocity profile at the surface of a printed 

plate 
For the printed flat plate, when the applied voltage is equal 
to 27 kV and the current is 200µA, the maximum velocity 
Umax is located at 10 mm downstream the anode and at y = 
2.5 mm. We obtained the smallest velocities for the greater 
x values when we are at the vicinity of the cathode (Fig. 7). 

When the applied voltage is 29.5 kV, we observe that the 
velocity is maximum at x = 5 mm and y = 1.3 mm (Fig. 8). 
When we move away from the anode at the direction of 
positive x, the ionic wind becomes lower and the maximum 
velocity is reached at greater values of y. Indeed, this is due 
to the diffusion phenomenon of the momentum transferred 
from the plasma to the air. 
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Fig. 7. Ionic wind velocity profiles for a printed flat plate 

for different x values (the applied voltage is 27 kV) 
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Fig. 8. Ionic wind velocity profiles above an actuator of 

printed flat plate for different x values (the applied voltage 
is 29.5 kV) 

4.2.3 Velocity profile at the surface of a             
NACA 0015 

Figure 9 shows the velocity profiles for a fixed position 
downstream the anode (x = 30 mm) and for three corona 
current values. We note that the most important velocity is 
obtained with the highest corona current so the velocity 
increases with the current. Also, you can see that when the 
current is equal to 0.26 mA the maximum electric wind is 
found at y = 1.8 mm, whereas, for i = 0.4 mA we observe 

that Umax is obtained at lower y (y = 0.3 mm), indeed 
when the discharge current increases, the electric wind 
becomes closer to the surface. 

This is in perfect agreement with the Robinson’s relation 
given in “equation (1)”. A previous work (Mestiri 2008) 
shows that the ionic wind velocity increases with the 
current. 
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Fig. 9. Ionic wind velocity profiles for an actuator at the 
surface of NACA0015 (*the current is limited at 0.4 mA) 

Figure 10 shows typical velocity profiles above a plasma 
actuator, for two x values, when the applied high voltage 
is to 0.4 mA V = 28 kV. These profiles show clearly a 
velocity decrease when we move away from the anode. 
The maximum velocity Umax is reached at x = 10 mm and 
at y = 0.2 mm, this value is about 3.2 m/s which is 
effective for the airflow control at the profile surface. 
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Fig. 10. Ionic wind velocity profiles for an actuator         

at the surface of NACA0015 

4.2.4 Velocity profile at the surface of a PTFE 
cylinder 

According to the profiles presented on Fig. 11, we observe 
an electric wind increase with the voltage. The ionic wind 
is proportional to the voltage which is approved by 
Mestiri et al. (2008). 

Velocity profiles made for two applied voltage (V= 31.5 
kV and V= 32 kV), and for different x values, show that 
the height of the maximum velocity increases with the x 
values (Fig. 12 and Fig. 13). Thus we can say that the 
diffusion phenomenon of the momentum transferred from 
the plasma to the air exists at the surface of the cylinder, 
which was not inevitably obvious due to the geometry. 
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Fig. 11. Ionic wind velocity profiles above a plasma 

actuator at the surface of a PTFE cylinder 

V = 31,5kV
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Fig. 12. Ionic wind velocity profiles above a plasma 

actuator at the surface of a PTFE cylinder for different x 
values 

V= 32kV
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Fig. 13. Ionic wind velocity profiles above a plasma 

actuator at the surface of a PTFE cylinder for different x 
values 

5.  CONCLUSION 
Through our experimental study of the corona discharge we 
have characterized some plasma actuators. We notice that 
we obtained the “High spot” regime for all studied supports, 
this shows that the discharge is stable and has high currents. 
Since the ionic wind velocity evolution in boundary layer 
gives a clear idea about the actuator effectiveness for the 
airflow control, we made the electric wind velocity profiles. 
We observe that the actuator at the surface of the 
NACA0015 produces an ionic wind whose velocity can 
reach a value of the order of 3.2 m/s. Also, results show that 
for the printed plate actuator the maximum electric wind is 
of 2.5 m/s, while it is smaller above the surface of a 

Plexiglas plate where it is equal to 2 m/s. This may be 
caused by the small inter-electrodes gap which can limit 
the stability of the discharge to less significant voltage 
values, for the Plexiglas plate the voltage is of 25kV, 
while we worked with a voltage of 27kV and 29.5kV for 
the printed plate. Otherwise for the cylinder, we justified 
the existence of an ionic wind at the surface of this little 
conventional profile for a corona discharge; however the 
measured ionic wind velocity is lower than the other 
studied supports which is due surely to its geometry. For 
all studied cases, we observe that when the x value 
increases, the airflow increasing is closer to the wall. For 
the NACA 0015 profile we notice that the induced ionic 
wind is nearer the wall when the corona current increases. 
Comparison of these studied actuators shows that the 
maximum ionic wind velocity is obtained with the NACA 
0015 profile, so this actuator is the most effective for the 
airflow control. This is due to the geometry of the 
NACA0015 profile that is characterized by a curved 
surface, this geometry seems to be a potential barrier 
which induces a more stable discharge with large current 
values. Besides, the varnished wood surface certainly 
improves the electric resistivity of the discharge support, 
and thereafter it improves the discharge formation 
conditions. For the cases of the NACA profile and the 
printed plate, the electrodes are distant by 40mm but the 
discharge substrate material is different, so the varnished 
wood stabilizes the discharge and supports greater ionic 
wind velocity. However, the printed plate and the 
Plexiglas plate actuators are sources of a considerable 
electric wind. 

As a continuation of this work we will characterize these 
actuators in presence of a free airflow, so we will do PIV 
(Particle Image Velocimetry) visualizations and other 
measurements that put forward the effect of the external 
airflow on the discharge. Besides, under our collaboration 
with the LEA Laboratory, Poitiers, France, we will 
measure the lift and the drag forces in order to quantify 
the drag reduction or/and the lift enhancement. 
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