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We report on ongoing progress done on the understanding of the mechanism of the One 
Atmosphere Uniform Glow Discharge Plasma (OAUGDPTM). A two dimensional fluid model of 
a dielectric barrier discharge (DBD) have been made [1,2] which calculate the total force on 
ions and neutral particles and show that the force generated is of the same nature as the electric 
wind in a corona discharge, with the difference that the force in the DBD is localized in the 
cathode  sheath  region of  the  discharge  and expands  along the  dielectric  surface.  While  the 
intensity of this force is much larger than the existing force of a dc corona discharge, it is active 
during less than a hundred nanoseconds for each discharge pulse and, consequently, the time 
averaged forces are of the same magnitude in both cases.

Plasma  actuators  have  demonstrated  capabilities  for  boundary  layer  control  and 
attachment on airfoils even at a high angle of attack [3,4]. They have the capability of reducing 
drag and increasing lift [5,6], reducing noise [7,8], sterilizing or decontaminating surfaces and 
even frost removal [9] on any airfoil, jet engine or wind turbine, through pure electromagnetic 
control.

We have done numerical modeling for developing an efficient method of ion acceleration 
through the dielectric surface that could provide a new way to enhance the gas speed on the 
boundary layer  limit.  We have calculated the gas voltage,  memory voltage,  conduction and 
displacement current as a function of time, giving evidence of the successive streamers that 
occurs in this kind of dielectric barrier discharge. The populations of ionic species N4

+, N2
+, O2

+, 
O2

- and  electrons  are  obtained  by  solving  self-consistently  the  charged  particles  governing 
equations (solved with Patankar algorithm) coupled with Poisson equation, and the Boltzmann 
equation  for  electrons  solved  in  the  two-term  approximation.  The  electric  field,  electric 
potential, electron temperature, body forces and gas speed are obtained.
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Fig. 1 Electric current, applied voltage, gas voltage and memory voltage as a function of time. Solid 
curve: current; dot curve: Vm; dashed-dot curve: Vg; dashed curve: V. Conditions: Vrms=5 kV, 
f=5 kHz, dielectric width=3 mm.
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Fig.1 illustrates typical instantaneous electrical characteristics of the surface DBD described 
in [10] and obtained with our fluid model. Fig.2 shows an example of instantaneous body forces 
exerted on the charged particles along the surface (Fx) and perpendicular to the surface (Fy).

0 50 100 150 200
-1,0

-0,5

0,0

0,5

1,0

  Fx
  Fy

 

 

B
o

d
y 

fo
rc

e
s 

(N
/m

)

time (µ s)

Fig. 2 Example of instantaneous body forces  exerted on the plasma showing the Fx component 
(directed along the surface DBD) and Fy component (directed along the perpendicular). Same 
conditions prevail as in Fig.1.

If the discharge is entirely symmetrical in both half-cycles it is expected that the average 
gas speed be zero. It is the asymmetry in the streamers (in the example given in Fig.1 it is bigger 
during the 2nd half-cycle) that gives an overall positive gas speed along the axis. Electrostriction 
force terms are not playing any significant role, contributing at maximum with 1 % to the total 
body force. Body forces were averaged over the domain of numerical calculation. It is found that 
the calculated space averaged body forces per unit volume increases when the electrode width 
increases. On average, when the electrical characteristics of the DBD are those shown in Fig.1, 
during the 2nd half-cycle body forces magnitude increases. Calculations of EHD body forces have 
shown that its maximum intensity is obtained during electron avalanches, with typical magnitude 
of the order of 5x109 N/m3. Fx points along OX (propelling direction), while Fy points downwards 
(boundary layer control). Our calculations show that the resulting average gas speed is about 20 
m/s and the net EHD body forces (with the present conditions) have comparable values in the first 
and  second-half  cycle,  although  slightly  bigger  during  the  2nd half-cycle  (under  the  referred 
conditions).  It  is  clear  that  the  successive  streamers  that  charge  the  dielectric  surface  are 
responsible for pulling the flow upstream, unidirectionally.
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