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  Chemical treatment of gases and liquids, as well as surface treatment, are some of the 
industrial applications of atmospheric pressure dielectric barrier discharges (DBDs). They are also 
efficient generators of atoms, free radicals and chemically active species [1].  One of their main 
advantages is that due to the non-thermal character of DBDs, they operate at room temperature 
while the electrons are still highly energetic. This enables reactions that thermodynamically would 
not occur at such low gas temperatures and it makes DBDs efficient plasma-chemical reactors. 

The average energy of the electrons generated in DBDs, as well as the discharge 
characteristics in general, strongly depend on the gap width, the applied frequency, the power 
input, the type of carrier gas and the type of dielectric used. Our aim is to develop a model for a 
dielectric barrier discharge used as a chemical reactor for gas treatment. In order to determine the 
optimum operating conditions, we studied the influence of the reactor geometry and applied 
voltage parameters on the discharge characteristics.

For this purpose, a two-dimensional time-dependent fluid model for an atmospheric 
pressure DBD, as a part of the PLASIMO code [2], has been applied. It is based on the continuity 
and flux equations for each type of particles treated, the electron energy equation and the Poisson 
equation. This set of coupled partial differential equations is solved by the so-called modified 
strongly implicit method. Details of the model can be found in the references [3] and [4].

The numerical model has been applied to the atmospheric pressure DBD in helium with 
nitrogen impurities, at 300 K, in a cylindrical geometry. The reactor consists of two coaxial 
stainless steel electrodes with alumina as a dielectric on the inner side of the outer electrode. A 
high voltage is applied on the inner electrode. The gap distance is varied from 0.7 mm over 1.5 
mm to 3 mm by changing the diameter of the inner tube. The length of the reactor is kept fixed at 
6 cm and the outer diameter is 3cm.

The plasma characteristics have been studied in terms of applied voltage amplitude, voltage 
frequency and geometrical effects. The electric currents and the gap voltage as a function of time 
for a given applied potential have been obtained, as well as the number densities of plasma 
species. For illustration, on Fig. 1 it can be seen that the amplitude of the electron number density 
decreases with increase of the gap width. The calculated total currents as a function of time are 

shown on Fig. 2.
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Fig. 1 Calculated spatially averaged electron number density as a function of time, for the gap width 

0.7 mm (red), 1.5 mm (black) and 3 mm (green). The applied voltage amplitude and frequency 

are 20 kV and 20 kHz, respectively.

Fig. 2 Calculated total currents as a function of time, for the applied voltage frequency 20 kHz 

(black) and 40 kHz (red). The applied voltage amplitude is 20 kV. The gap width is 0.7 mm. 
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