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Abstract: The aim is to do a numeric modeling of a low temperature plasma source for biomedical applications. The plasma is 

generated at atmospheric pressure by dielectric barrier discharge (DBD) setup using an argon carrier gas. The dilution of the argon in 

air is simulated by a hydrodynamic model based on the Navier-Stokes equation including diffusion flows in a mixture simulates the 

dilution of the argon in air, the simulation of the plasma jet is formed by the Poisson equation and the conservation equations of charged 

particles. The reactions between electron and the ions present in Ar-air mixtures is taken into account with their basic data (transport 

and reaction coefficients). The study is based on the finite element method for discretization using the COMSOL Multiphysics software. 
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1. Introduction 

Low-temperature plasmas generated at atmospheric 

pressure are very useful in the field of biological and 

medical applications due to their ability to form an 

important population of active species without the need to 

elevate gas temperature. Food processing[1], Inactivation 

of different microorganisms[2], Blood coagulation[3], 

wound healing[4] and cancer treatment[5] are some of this 

biological and medical applications. 

There are many ways to generate atmospheric pressure 

plasma jet such Dielectric barrier discharges (DBD)[6], 

Radio frequency (RF)[7]  and Microwave plasmas 

(MW)[8], many carrier gas can be used too (He, Ar, Ne, 

Air and mixture of inert gases with air). The DBD setup is 

more suitable for the biomedical applications because of 

his ability to generate plasma with moderate temperature 

and electronic density. 
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To more understand the physics and the applications of 

low temperature plasmas, reader can find many works in 

the literature[9–13]. Many proprieties of cold plasma jet 

have been studied: Gas flow velocity, applied voltage, jet 

radius, geometries [14–17].  

 The present work presents a numeric simulation of   

low temperature plasma generated by dielectric barrier 

discharge (DBD) using an argon carrier gas, formed in a 

glass tube and ejected into open air. An experimental 

investigation with the same conditions (tube size, 

electrode geometry, pulse duration, argon flow rate, 

voltage) was revealed in literature [17]. 

2. The model 

The DBD jet configuration used in this work, shown in 

Fig 1, consists of a quartz tube with an external diameter 

of 8 mm, an internal diameter of 6 mm and a length of 60 

mm and wrapped by a ring ground electrode, which is 
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composed of aluminum and located at 6 mm away from 

the outlet of the tube. The high voltage (HV) electrode 

made of copper have a diameter of 2 mm and positioned 

along the axis of the quartz tube. The argon is ejected from 

another quartz tube of 6 mm outer diameter and 1 mm 

thickness positioned at 7 mm away from the inlet of the 

first tube. 

 

Fig. 1  Schematic overview of the setup for generating and 

launching a plasma jet in open air 

 

To estimate the argon dilution in air, a hydrodynamics 

model was used, this model was based on the Navier-

Stokes equations (1-2) in which we consider a stationary 

and laminar flow, the transport of the argon into the air is 

assured by two phenomena: convection and diffusion, the 

equation of the transport in our case is taken into account 

in static mode (3). The gas flow was set under 4l/min to 

maintain a Reynolds number under 1000.  

   �⃗�  ( u⃗  ) = 0                              (1)      

ρ( u⃗  ∇⃗⃗  ) u⃗ = − ∇⃗⃗ p +  µ Δ ⃗⃗  ⃗u⃗                    (2) 

   u⃗  ∇⃗⃗ c =∇⃗⃗  (D ∇⃗⃗ c)                          (3)                                       

The initial geometrical electric field is at the origin of the 

initial wave front, which initiates the electronic avalanche. 

This electrostatic model is based on the Laplace equation 

(4,5) and the transition relation (6). 

       ∇2V=0                             (4)                

       �⃗� = - �⃗� .V                          (5) 

       D1⃗⃗⃗⃗  ⃗ – D2⃗⃗⃗⃗  ⃗ = 0⃗                       (6) 

The plasma model is based on conservation equations of 

charged particles coupled to Poisson equation (10,11).  

 

 For electrons  

𝜕𝑛𝑒

𝜕𝑡
 + �⃗� 𝛤𝑒⃗⃗⃗⃗  = Re – ( �⃗� . �⃗� )ne                  (7)           

 For heavy species  

𝜌
𝜕𝑤𝑗

𝜕𝑡
 = �⃗� 𝛤𝑘⃗⃗⃗⃗  ⃗ + Rj                             (8) 

 Equation of conservation of electronic energy 

𝜕𝑛ɛ

𝜕𝑡
 + �⃗� 𝛤𝜀⃗⃗⃗⃗  + �⃗� . 𝛤𝑒⃗⃗ ⃗⃗ ⃗⃗  = 𝑅𝜀 – (�⃗� . �⃗� ) 𝑛𝜀      (9) 

 Poisson equation 

𝛻2.V = - 
𝜌𝑣

𝜀0
                       (10) 

Table 1. Interaction processes considered in the model with their 

rate constants  

Nr Reaction name Rate constants 

 [m3.s-1.mol-1] 

1 e + O2→ O + O- k1= fct(xAr,ε)* 

2 e +O2 → 2e +O2
+ k2= fct(xAr,ε)* 

3 e + N2 → 2e +N2
+ k3= fct(xAr,ε)* 

4 e + Ar → 2e + Ar+ k4= fct(xAr,ε)* 

5 e + Ar → e + Ar* k5= fct(xAr,ε)* 

6 e + Ar* → 2e + Ar+ k6= fct(xAr,ε)* 

7 2e + Ar+ => e + Ar* K7 = 5.10-32 .Te-4.5 [18] 

8 e + Ar+ => Ar* K8 = 4.10-19 .Te-0.5 [18] 

9 e+Ar2*=>2e+Ar2
+ k9=9.10-14.Te.exp(

−3.66

𝑇𝑒
) [18] 

10 e+Ar2
+=>Ar*+Ar k10 = 5,38.10-14.Te-0.66 [18] 

11 Ar+ + Ar+Ar => Ar+Ar2* k11 = 2,5.10-32 [18] 

12 Ar2
+ + O- => O + Ar k12 = 10-13 [18] 

13 Ar++ O- => O +Ar k12 = 10-13 [18] 

*Calculated within LAPLACE 

The plasma in our model results from the ionization of the 

gas mixture formed by the progressive dilution of the Ar 

ejected from the tube in the ambient air. It is assumed that 

the air is mainly formed by the oxygen O2 and the nitrogen 

N2 and neglects the impurities and the humidity. We 

considered the formation of the positives ions: Ar+, N2
+ 
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O2
+ and Ar2

+ and the negative ion O-, we considered also 

the presence of the metastable state of argon (formed by 

the reaction 5 in table 1), the ionization of both metastable 

and background states of Ar was taken into account to be 

able to propagate the plasma jet for the relatively low 

electric field values. 

The ionization energy of the background state of Ar is 

15.76 eV, the excitation energy of Ar is 11.5 and the 

ionization energy of Ar metastable states is 15.76 – 11.5 

= 4.26 eV. 

To simulate the ionization wave propagation and 

development, the finite element method for discretization 

is applied, using the COMSOL Multiphysics software.  

Several tests were carried out in order to choose the right 

mesh size.  

3. Results and discussion 

 Hydrodynamic results  

 

Fig. 2  Reduced argon concentration from the exit of the 

tube for argon gas velocity: 2.56 m/s 

Fig.2 shows that the molar fraction takes the form of a 

beam and it decreases as it moves away from the tube 

outlet, it shows also that the radial dilution is faster than 

the axial dilution. 

 

Fig. 3  Reduced argon concentration from the exit of the 

tube along the tube axisfor r = 0 mm and for argon gas 

velocity: 2.56 m/s  

The profile 1d of the molar fraction shown in Fig.3 shows 

that the molar fraction remains constant over a distance of 

40 mm from the outlet of the tube, the jet consists of pure 

argon over this distance, and then the gas begins to dilute 

in air. 

 Electrostatic results 

 

Fig. 4  Electric field for V0 = 10 kV 
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Fig.5  Axially electric field along the tube axis for r=0 and 

V0 = 10 kV 

 

Fig. 6  Axially electric field along the tube axis for  

r = 2.9 mm and V0 = 10 kV 

 

Fig 5 and Fig 6 show that the profile of the electric field is 

composed of a first peak, which is the initiator of the 

plasma jet; this peak is followed by a secondary peak at 

the outlet of the tube due to the polarization of the 

dielectric material. 

 

 

 

 Electrodynamics results 

 

Fig. 7  Axially electric field along the tube axis for r=0 and 

V0 = 10 kV. 

The first peak, showed in Fig(7) in blue, correspond to the 

geometric electric field. At t = 20 ns, the maximum of the 

electric field was placed towards z = 53.3 mm and the peak 

begins to split into two other peaks, one tends to propagate 

towards the extremity of the tube and the other tends to 

propagate towards the opposite direction. At t = 120 ns, 

the maximum of the electric field is located at the 

extremity of the tube (z = 60 mm). At 480 ns the electric 

field reaches the position z = 75 mm.  

4. Conclusion 

This work allowed us to predict the profile of the electric 

field that propagate in Ar-air mixture.  
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