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Abstract: A double dielectric barrier discharge setup installed at atmospheric pressure 

using an argon flow carrier gas was simulated. The jet is formed inside a dielectric tube, 

than it is ejected into open air. To study the dilution of argon in the air, a hydrodynamic 

model was developed. The results of the plasma propagation were studied in term of 

electric field distribution. The results showed that the studied device is able to generate 

plasma inside the tube. This plasma was propagated then ejected outside the device.  
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1. Introduction  

Low temperature plasma jets at atmospheric pressure 

are able to generate very active chemical species (at a 

temperature near to the ambient one. Therefore such 

plasma is very useful in many fields including in 

biomedical. Sterilization [1], wound healing [2], dental 

treatment [3] and cancer treatment [4] are some of the 

biomedical atmospheric pressure plasma jets applications. 

To generate low temperature plasma many interesting 

works in atmospheric pressure plasma jet were developed 

in literature for many geometries, electrodes 

configuration, power supplies and working gases. 

Dielectric barrier discharge (DBD) [5], microwave 

plasmas (MW) [6], corona discharge [7] and radio 

frequency (RF) reactor [8] are some of the atmospheric 

pressure plasma devices. The carrier gas can be inert 

gases or air or mixture of inert gas with air [9]–[11]. 

To more understand the low temperature plasma 

generation, propagation and applications, reader can find 

many interesting works in the literature [12]–[16].  

The present work presents a numerical simulation of an 

atmospheric pressure plasma jet, generated by a double 

dielectric barrier discharge setup and launched in the open 

air.  

  

2. The model 

In this work, the low temperature plasma jet is 

generated by a double DBD configuration, shown in 

Fig.1. It is composed of two quartz tubes crossed by an 

argon flow as a carrier gas. The first tube has a length of 

60 mm, an internal diameter of 6 mm and an external 

diameter of 8 mm. This tube is wrapped by a ring 

electrode made of aluminum, positioned at 6 mm away 

from the outlet of the tube. The high voltage electrode 

(consisted of 40 mm of length and 2 mm of diameter) is 

composed of copper and located at the center of the tube. 

This electrode is covered by a dielectric tube of 1 mm of 

thickness. The second quartz tube, in which the argon is 

ejected, is positioned at 7 mm away from the inlet of the 

first one.  

 

 
Fig. 1. Schematic overview of the setup for generating 

and launching a plasma jet in open air 

 

A 3D hydrodynamic model was simulated to 

estimate the dilution of the argon in the open air. This 

model was based on the mass, momentum equations 

assuming a laminar and stationary flow and including 

diffusion fluxes in a mixture. The gas flow was set under 

2.25 l/min to maintain a Reynolds number under 1000. 

The simulation of the generation and the propagation 

of the low temperature plasma are based on the charged 

particles conservation equations coupled to the Poisson 

equation. 

In our model, we assumed that the air is consisted of 

the oxygen O2 and the nitrogen N2 (the impurities and the 

humidity were neglected). We considered also the 

formation of the following ions: Ar
+
, N2

+
, O2

+
 and O

-
. 

In order to propagate the plasma in a relatively low 

electric field values, both metastable and background 

states ionizations of argon were taken into account. 

Which implies the presence of the metastable state: Ar
*
.  

 

3. Results and discussion  

Fig. 2 display the reduced concentration of argon for 

argon velocity: v = 5 m s-1.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Reduced argon concentration for argon velocity: v = 5 m s
-1

   

 

Fig. 3. Initial electric field distribution for V0 = 6.5 kV  

 

 

Fig. 3. Electric field distribution for V0 = 6.5 kV  

 



As it’s expected, the argon gradually dilutes in ambient 

air and it takes the form of a beam. The reduced argon 

concentration decreases as it moves away from the tube 

exit and the radial dilution is faster than the axial dilution, 

which is important in order to reach a target located away 

from the tube.  

The initial or geometric electric field created by the 

device, shown in Fig.3, is the initiator of the plasma jet. 

This field depends only on the geometry of the device.  

The electric field reaches 6.10
6
 V/m which is high 

enough to generate a plasma bullet (the breakdown 

field strength of argon in atmospheric pressure is 0.6 

MV/m).  
The electric field distribution is shown in Fig.4. The 

propagation of the plasma stars jet inside the tube (in the 

gap between the quartz tube and the tube covering the HV 

electrode) then it’s ejected outside the tube into the air.   

 

4. Conclusion 

Numerical investigation of atmospheric pressure jet 

generated by a double dielectric discharge has been 

simulated. This work allowed us to predict the 

concentration of argon in the gas mixture and the profile 

of the electric field distribution. 
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