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Abstract: This paper presents the one-dimensional simulation of the dielectric barrier discharge (DBD) in pure nitrogen
at atmospheric pressure using a sinusoidal supply, within a reactor which consists of two parallel plates. For this purpose,
significant reactions among the reactive species in the discharge are taken into account in this work by considering more
than 70 reactions for 13 species. The model used in this study to describe the kinetics of the plasma species is the
second order fluid model which consists in replacing the Boltzmann equation by these first three moments by using the
drift-diffusion approximation for flux. In order to validate the model developed in this research, a comparison of the
simulated discharge currents obtained with available experimental data is carried out, before presenting the evolution of
the properties of the plasma species. After that, a parametric study is performed showing the effect of some parameters
like applied voltage, frequency and nature of the coating dielectric material on the characteristics of DBD in nitrogen.
Simulation results for a double dielectric DBD reactor are also presented at the end of this paper.
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1. Introduction
Due to their importance in many technological developments, atmospheric pressure dielectric barrier discharges
(DBD) have attracted much attention from researchers over the past decades in various industrial applications
such as:

Ozone generation: The first and most important application of DBD is the generation of ozone from the
treatment of air or oxygen. The synthesis of ozone in DBD is carried out by chemical reaction. While the
purification of drinking water remains the most important ozone market, other applications have emerged.

Gas treatment: DBD is studied in the destruction of toxic exhaust gases, such as carbon monoxide CO,
nitrogen oxides NOx and in the reduction of greenhouse gas emissions, such as carbon dioxide (CO2), responsible
for global warming.

Surface modification: One of the main properties of DBDs is that they can operate under filamentous or
homogeneous conditions. The ”homogeneous” characteristic gives them the property of being able to act for a
uniform modification of the treated surfaces.

This leads to the need for a better understanding of the behavior of this type of plasma experimentally
and theoretically [1,2].

This type of discharge can easily be arced; It is therefore the simplest way to produce a cold plasma,
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the DBD are formed between two metal electrodes in parallel, one or two of them are covered with dielectric
material to ensure the limitation of the current during the discharge [3,4].

According to previous research, during the creation of cold plasma, a large chemical process present in
gas, formation of active species by collision of electrons with neutrals, formation of species in a metastable state
(long-lived species of life), surface reactions, etc.

Numerical modeling is a very useful tool for studying the behavior of DBDs and their optimization with
a view to using them in industrial applications. In recent years, DBD modeling has developed rapidly, whether
in pure gases [5] or in gas mixtures [6].

Nitrogen plasma is the basis for the development of several industrial applications, such as the cutting
and nitriding of metals to improve surface hardness [7,8]. The development of such DBD applications requires
a better understanding of the chemical and physical processes of plasma. This involves the use of appropriate
models to achieve optimal results.

Nitrogen plasma produced in DBDs at atmospheric pressure has been classified into two forms of dis-
charge, homogeneous and filamentary [5]. Previous studies have shown variations in the characteristics of
nitrogen plasma, with various mechanisms of electron emission, but their results have not resolved the plasma
processes. In this study, a simulation of the behavior of the discharge is carried out according to the state of
the newly created species by varying the different parameters used for the creation of this type of plasma.

The one-dimensional model used for the simulation of DBD in nitrogen considers the most important
chemical reactions from reliable and revised previous studies. The results of the calculations obtained are
compared with the available experimental data [9].

2. Numerical model
To describe the kinetics of the particles in the type of discharge object of our study, we used the fluid model
which consists in replacing the Boltzmann equation by these moments using the drift diffusion approximation
[10], these equations are described below [11].

The particle continuity equation is given by:

∂ne,i,n

∂t
+∇.�e,i,n = Se,i,n , (1)

Se,i,n =

M∑
j=1

cj,eRj , (2)

�e,i = µe,iEne,i −De,i∇ne,i, (3)

�n = −Dn∇nn, (4)

where the indicators e, i and n refer to electrons, ions and neutrals, respectively. With ne , ni and nn are
the number densities. �e , �i and �n are the particles flux of electron, ion, and neutrals respectively. Se,i,n

is the production or loss rate for every species in each chemical interaction occur in discharge. cj,e represent
stoichiometric number of electrons j , Rj the reaction rate and M is the number of electron reactions. E is
the electric field, De,i and µe,i are the diffusion coefficient and mobility of electron and ions, respectively.
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The electron energy equation is given by:

∂nε

∂t
+∇.�ε + E.�e = Sε . (5)

The flux including source expression settled as [12]:

�ε = −µeEnε −De∇nε, (6)

where ε refers to energy, with nε is the electron energy density, Sε : energy loss or production by inelastic
collisions.

Sε = −e�e.E −
P∑

j=1

cj,eRjεj (7)

P is the number of inelastic collisions, the energy lost or produced in a collision represented by εj which is
considered similar to the threshold of a reaction. In the previous expressions, the source coefficients specified
through the system stoichiometry, using rate coefficients [13].

−∇.ε0.εr∇V = ρq , (8)

with ε0 is the vacuum permittivity and εr is the relative permittivity. ρq is the space charge density

ρq = q

(
N∑

k=1

Zknk − ne

)
(9)

q is the absolute value of electronic charge, Zk is the electric charge, E is the electric field and V is the
electric potential.

The properties of the dielectric are described by the following relation [13]:

D = ε0εrE. (10)

2.1. Boundary conditions:
The impact of heavy species on the surface of the dielectric barrier represents the most important parameter
governing the behavior of the discharge.

1. The accumulation of charges on the surface of the dielectric, resulting from variations in the flows of
electrons and ions is described as follows [10]:

−n. (D1 −D2) = ρs, (11)

dρs
dt

= n.Ji + n.Je , (12)

with ρs is the density of surface charge.
On the boundaries, the electric fields displacement is defined by D1 and D2 .
n.Ji : the total current density of ion, and n.Je : the total current density of electron.
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1. At electrode surface, the electron energy is written as [14]:

�ε.n =
1

3
ve,thεne, (13)

where n is boundary normal vector, ve,th is electron thermal, and ε is the mean energy of electron.

1. For electron, electron energy, and heavy species beside to both sides of the gap, the boundaries conditions
are written as [15]:  −n.�e = 0

−n.�ε = 0
−n.�k = 0

(14)

Surface reactions neutralize ions, at the scale of dielectric surfaces, the surface interaction coefficient is used,
specifying the perspective of a species that will react on the surface [16], this is described mathematically by
the relation below:

�k.n =
βk

4

√
8kBTk

πmk
nk, (15)

where k refers to heavy species, βk is the surface interaction coef?cient, kB Boltzmann’s constant, Tk and mk

are respectively the temperature and the mass of heavy species.

3. Plasma chemistry

In our study, we took into account 13 species: (electron,N ,N+ ,N2 ,N+
2 ,N+

3 ,N+
4 ,N2(A

3
∑+

u ) ,N2(B
3
∏

g) ,N2

(C3
∏

u) ,N2(a
′1
∑−

u ) , N(P ) ,N(D)) including 71 reactions: dissociation and ionization; recombination pro-
cesses, neutrals-neutrals reactions; three-body reactions, excitation and deexcitation. All the processes men-
tioned are gathered in Table, each reaction is characterized by its rate coefficient.

Table. Reaction set for nitrogen.
No. Reaction Threshold Rate coefficient [m3/s.mol or

m6/s.mol(*) or 1/s(**)]
Ref.

1 e+N+
2 → N +N(P ) 0.00 0.11× 1.75× 10−13 × (0.026/Te)

0.3 [21]
2 e+N+

2 → N +N(D) 0.00 0.37× 1.75× 10−13 × (0.026/Te)
0.3 [21]

3 e+N+
2 → N(D) +N(D) 0.00 0.52× 1.75× 10−13 × (0.026/Te)

0.3 [21]
4 e+N+

4 → N2

(
C3
∏

u
)
+N2 0.00 2× 10−12 × (300/Te)

0.5 [10]
5 e+N+

3 → N2 +N 0.00 2× 10−13 × (0.026/Te)
0.5 [2]

6 e+N2 → e+N2 0.00 Cross section ∗

7 e+N2 → e+N2 0.02 Cross section ∗

8 e+N2 → e+N2 0.29 Cross section ∗

9 e+N2 → e+N2 0.29 Cross section ∗

10 e+N2 → e+N2 0.59 Cross section ∗

11 e+N2 → e+N2 0.88 Cross section ∗

12 e+N2 → e+N2 1.17 Cross section ∗

13 e+N2 → e+N2 1.47 Cross section ∗
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Table. (Continued).
No. Reaction Threshold Rate coefficient [m3/s.mol or

m6/s.mol(*) or 1/s(**)]
Ref.

14 e+N2 → e+N2 1.76 Cross section ∗

15 e+N2 → e+N2 2.06 Cross section ∗

16 e+N2 → e+N2 2.35 Cross section ∗

17 e+N2 → e+N2(A
3
∑+

u ) 6.17 Cross section ∗

18 e+N2 → e+N2(A
3
∑+

u ) 7.00 Cross section ∗

19 e+N2 → e+N2(B
3
∏

g) 7.35 Cross section ∗

20 e+N2 → e+N2 7.36 Cross section ∗

21 e+N2 → e+N2(A
3
∑+

u ) 7.80 Cross section ∗

22 e+N2 → e+N2 8.16 Cross section ∗

23 e+N2 → e+N2(a
′1
∑−

u ) 8.40 Cross section ∗

24 e+N2 → e+N2 8.55 Cross section ∗

25 e+N2 → e+N2 8.89 Cross section ∗

26 e+N2→e+N2

(
C3
∏

u
)

11.03 Cross section ∗

27 e+N2 → e+N2 11.87 Cross section ∗

28 e+N2 → e+N+ N(D) 12.14 Cross section ∗

29 e+N2 → e+N2 12.25 Cross section ∗

30 e+N2 → e+N + N(P ) 13.33 Cross section ∗

31 e+N2 → e+ e+N+
2 15.60 Cross section ∗

32 e+N2 → e+ e+N +N+ 24.34 Cross section ∗

33 e+N2(A
3
∑+

u ) → e+ e+N+
2 9.43 Cross section [18]

34 e+N2(B
3
∏

g) → e+ e+N+
2 8.25 Cross section [18]

35 e+N2

(
C3
∏

u
)
→e+ e+N+

2 4.57 Cross section [18]
36 e+N2(a

′1
∑−

u )→e+ e+N+
2 7.20 Cross section [18]

37 e+N → e+N 0.00 Cross section ∗

38 e+N → e+ N(D) 2.38 Cross section ∗

39 e+ N(D) → e+N -2.38 Cross section ∗

40 e+N → e+ N(P ) 3.57 Cross section ∗

41 e+ N(P ) → e+N -3.57 Cross section ∗

42 e+N → e+ e+N+ 4.54 Cross section ∗

43 N2(a
′1
∑−

u )+N2(A
3
∑+

u )→N+
4 +e 0.00 0.25× 10−17 [10]

44 N2(a
′1
∑−

u ) +N2(a
′1
∑−

u )→N+
4 +e 0.00 10−16 [10]

45 N +N +N2→N2+N2 0.00 8.3× 10−46 × exp(493/T )∗ [5]
46 N2(A

3
∑+

u )+N2(A
3
∑+

u )→N2

(
C3
∏

u
)
+N2 0.00 1.6× 10−16 [10]

47 N2(A
3
∑+

u )+N2(A
3
∑+

u )→N2(B
3
∏

g)+N2 0.00 3× 10−16 [10]
48 N2(A

3
∑+

u )+N2 → N2+N2 0.00 3× 10−24 [5]
49 N2(A

3
∑+

u )+N→N2+ N(P ) 0.00 4× 10−17 ∗ (300/T )0.66 [2]
50 N2(A

3
∑+

u ) +N→N2+N 0.00 9.6× 10−17 [21]
51 N2(B

3
∏

g)+N2 → N2(A
3
∑+

u )+N2 0.00 5× 10−17 [21]
52 N2(a

′1
∑−

u )+N2 → N2(B
3
∏

g)+N2 0.00 2× 10−19 [2]
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Table. (Continued).
No. Reaction Threshold Rate coefficient [m3/s.mol or

m6/s.mol(*) or 1/s(**)]
Ref.

53 N2

(
C3
∏

u
)
+N2 → N2(a

′1
∑−

u )+N2 0.00 10−17 [2]
54 N(P )+N2 → N(D)+N2 0.00 3.3× 10−23 [20]
55 N+

2 +N2+N2 → N+
4 +N2 0.00 5.2× 10−41 × (300/T )

2.2∗ [3]
56 N+

2 +N+N2 → N+
3 +N2 0.00 9× 10−42 × exp(400/T )∗ [3]

57 N++N2+N2 → N+
3 +N2 0.00 17× 10−42 × (300/T )

2.1∗ [3]
58 N++N+N2 → N+

2 +N2 0.00 10−41∗ [3]
59 N+

2 +N2(A
3
∑+

u )→N+
3 +N 0.00 3×10−16 [4]

60 N+
2 +N→N++N2 0.00 7.2×10−19 × (T/300) [3]

60 N+
2 +N→N++N2 0.00 7.2×10−19 × (T/300) [3]

61 N+
3 +N→N+

2 +N2 0.00 6.6×10−17 [3]
62 N+

4 +N2→N+
2 +N2 +N2 0.00 2.1× 10−20 × exp(T/121) [3]

63 N+
4 +N→N++N2 +N2 0.00 10−17 [3]

64 N2(B
3
∏

g)→N2(A
3
∑+

u ) 0.00 1.5× 105∗∗ [5]
65 N2

(
C3
∏

u
)
→N2(B

3
∏

g) 0.00 2.7×107∗∗ [5]
66 N2(A

3
∑+

u )→N2 0.00 0.5∗∗ [5]
67 N2(a

′1
∑−

u )→N2 0.00 100∗∗ [5]
68 N(D)+N2→N+N2 0.00 6× 10−21 [21]
69 N(P )+N2→N+N2 0.00 6×10−20 [21]
70 N(D)+ N(P )→N+

2 +e 0.00 3.2 × 10−21 × T 0.98/(1 −
exp(−3129/T ))

[2]

71 N (P ) +N(P )→N+
2 +e 0.00 1.92×10−21 × T 0.98/(1 −

exp(−3129/T ))
[2]

3.1. Electron impact reactions

Electrons are the most important species in plasma for their convection ability of energy; therefore, knowing
trustworthy details of this process (electron-neutral scattering cross sections) is important to describe electrons
kinetics in discharge plasma1.

The cross section set for electron collisions in N2 used in this calculation is shown in Table, for N2

and N taken from LXCat date base∗ and from [1], [2] for N2 dissociation recombination (DR) processes.
The complete set of electron impact process in this study includes 42 cross sections for N2 and N (elastic,
excitations, ionization attachment)∗ .

One of the most important processes in plasma chemistry is dissociative recombination. This process
typically pass through two mechanisms: the direct excitation and the resonant capture in Feshbach resonances;
through the dissociation, these resonances can stabilize [17].

This set of cross section contains another process, which is the stepwise ionization. This interesting
process is taken into consideration in this study for four electronic states of nitrogen: N2(A

3
∑+

u ) , N2(B
3
∏

g) ,

N2(C
3
∏

u) , N2(a
′1
∑−

u ) , ionization by impact of electrons produces two electrons, as mentioned in Table.

1SIGLO database (LXCat date base) [online]. Website https://fr.lxcat.net/ [09 Febraury 2019].
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The values of the total ionization cross sections are calculated using expressions given in [18].

3.2. Heavy species chemical reactions

The reactions for the production and destruction of the heavy species are shown in Table with their corresponding
rate coefficients.

The reaction rate constant kf is determined by the Arrhenius equation:

kf = Ae−Ea/RT , (16)

where A is the preexponential factor, T is the temperature of the gas, Ea is the activation energy of the reaction
and R is the gas constant.

Reactions (43), (44), (56), (57), (59), (74) and (73) illustrated in Table, represent associative ionization.
This process has an influence on the development of discharges by metastable species [19]. The main mechanisms
of loss of the metastable state are presented by reactions (43) and (44).

An important process that cannot be neglected at atmospheric pressure is the extinction of metastable
states (N2(A

3
∑+

u ) , N2(B
3
∏

g) , N2(C
3
∏

u) , N2(a
′1
∑−

u ) , N(P ) , N(D)); this process is taken into account
by reactions of (48) to (54) and (70), (71). It is necessary to include 3 reactions for their involvement in the
charge transfer process [20], which are illustrated in (45) and (55) to (58).

Reactions (64)–(67) describe the decay of (N2(A
3
∑+

u ) , N2(B
3
∏

g) , N2(C
3
∏

u) , N2(a
′1
∑−

u ) species
in the metastable state has a radiative lifespan.

4. Simulation results
In order to compare and validate the results from the model developed in this work for the simulation of
the dielectric barrier discharge in pure nitrogen at atmospheric pressure which is the subject of our study, we
carried out a study of this discharge under the same experimental conditions described by Bouzidi et al. [9], we
considered a 1D geometry consisting of two parallel plates covered with a dielectric coating (Alumina Al2O3

96%) of relative permittivity εr = 9 and 0.635 mm thick. The confined space of nitrogen between the dielectric
surfaces is 1mm as shown in Figure 1.

The supply voltage V of the reactor used is of sinusoidal form of frequency f = 3 kHz with a peak of
6 kV .

V = 6000 ∗ sin(2 ∗ π ∗ f ∗ t), (17)

where t is the time (µs) , V is the voltage applied to the electrode (A), the electrode (B) is linked to earth
through a 200 Ω resistor to measure the discharge current.

The transport coefficients (mobility and diffusion) of ions are taken from [22] and [23] using the reduced
mobility expression K0 defined by:

K0 = K × (237/Tg) , (18)

where Tg is the gas temperature at which the measurement of mobility K was made.

The number density of the seed electrons assumed to be present in space is 4× 105(1/m3) , of which they
are distributed uniformly, with an average initial energy of 5eV, the number density of ions is assumed to be
105

(
1/m3

)
.
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Figure 2 shows a comparison of the total current of the dielectric barrier discharge in Nitrogen obtained
from our model and that measured [9]. From this figure, we observe a good agreement between the temporal
evolution of the two currents. In fact, the current shows only one peak per alternation of the voltage and the
light is radially homogeneous over the entire section of the discharge.

Dielectric

DielectricDischarge GapDielectric

Alumina

2 3 96%

0.635 of

thickness

= 9

1 Alumina

2 3 96%

0.635 of

thickness

= 9

A B

Figure 1. Geometry used in the simulation.
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Figure 2. Comparison between the calculated and measured [9] discharge current.

The current peak moment during breakdown tp = 0.017 s which we choose to take the instantaneous
distributions of the different species in the plasma, leads to obtain Figure 3 for the charged species and Figure
4 for the neutral and excited species.

Figure 3 clearly shows that the ion densities are almost stable in the interelectrode space while the electron
density varies between (106 and 1012 ) 1/m3 . It is a characteristic of the Townsend discharge.

The ionization and excitation collisions produced by the electron-molecule impact of nitrogen N2 under
a strong electric field, are the main causes of the increase in the densities of the ions and excited particles near
the anode (see Figures 3 and 4).
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Figure 3. Spatial distributions of electronic and ionic densities at 0.017 s.
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Figure 4. Spatial distributions of the densities of neutral and excited species at t = 0.017 s.

Figures 5 and 6 shows the temporal variationsof the number density of charged and neutral species
respectively at the dielectric surface that cover the electrode A (Figure 1). Figure 5 shows that in positive
alternate of voltage wave, the electrons number density increase by the increasing of applied voltage and its
greater than other ions number densities. That is because of ionization process when electrons gain the required
energy for it, for this reason we also observe the growth of ion number density. Moreover, only at the moment
of breakdown (t = 0.017 s), electrons and ions number densities are the same. In the next negative alternate,
we can see that the electron number density getting low when they are heading to the other boundaries of
point B (Figure 1). The same manners manifest with the ions, but with a lower length for their heaviness.
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N4
+ dominate because of the associative ionization process, as mentioned in reaction (43) and (44) from Table.

The dominate metastable as shown in figure 6 is between N2(A
3
∑+

u ) and N2(a
′1
∑−

u ) . Also this process
can produce N2

+ as mentioned in reaction (72) and (73) ions by N(P ) and N(D) which they dominate in
discharge gap.

1016

1015

1014

1013

1012

1011

1010

109

108

107

106

ytis
ne

d
re

b
m

u
N

(1
/m

3
)

V
o

lt
ag

e
(k

V
)

6

5

4

3

2

1

0

1

2

3

4

5

6

0.0167       0.0168   0.0169         0.017      0.0171       0.0172        0.0173

Time (s)

Figure 5. Temporal variation of charged species number density.
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Figure 6. Temporal variation of exited and neutrals species number density.

5. Parametric study

5.1. Dielectric coating effect

Several dielectric materials used in dielectric barrier discharges (DBD) as ceramics (Alumin 96% used in this
model), glass, silicon and polymer. These materials have the relative permittivity under 10 (εr < 10) which
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give an ability to take the thickness of each dielectric coating in order of mm [10]. Figure 7 shows the discharge
current variation (Figure 7a), electron density (Figure 7b) and N2(A

3
∑+

u ) density (Figure 7c) for each dielectric
material (Alumina εr = 9 , Glass εr = 8.2 , Stumatite εr = 7.3). As we observe in Figures 7a–7c, the discharge
current is proportional to the relative permittivity while the electron density and the density N2(A

3
∑+

u ) are
almost the same for the three types of dielectric. The change in dielectric materials (relative permittivity εr )
makes it possible to estimate the density of the plasma (electrons and heavy species) through space and the
discharge current.

5.2. Applied voltage effect

To study the effect of the applied voltage on the characteristics of the DBD discharge in nitrogen, we used
alumina as dielectric coating material and considered three voltage values, i.e. 4.5, 6, and 8 kV. The influence
of the applied voltage on the discharge current, on the electron density and on N2(A

3
∑+

u ) is shown in Figures
8a–8c, respectively.

According to Dakin et al. [24], breakdown voltage in a gap of 2 mm of thickness filled with nitrogen gas
at atmospheric pressure is 8.2 kV. The gap gas of our model has 1 mm of thickness, so as it shown in Figure
8a, that under a voltage of 4.5 kV, there is no breakdown just a streamer discharge (sinusoidal waveform of
current). Discharge current increase with voltage, and the displacement current get shorter period.

From Figures 8b and 8c, it appears that the density of the electron and the density of N2(A
3
∑+

u ) are
almost the same for V = 6 kV and V = 8 kV on the anode side, the density of metastables has minimum values
between electrodes (0.5 mm), whereas with V = 4.5 kV in this position, there are fewer metastable species (15
* 1018 /m3approximately)

5.3. Frequency effect

This section shows the influence of applied voltage frequency on discharge current (Figure 9a), electron density
(Figure 9b) and N2(A

3
∑+

u ) density (Figure 9c). As it is shown in this figure, the waveform does not change,
but the peak of current increase with frequency.

Also, we can see that the electron density undergoes a slight change in space, while the density
N2(A

3
∑+

u ) at 3 kHz is greater than the density at 5 kHz and 7 kHz near the anode. Increasing the fre-

quency makes the ionization of the particles weaker, so there are less N2(A
3
∑+

u ) particles near the anode at
7 kHz.

6. Modeling of the double dielectric reactor

6.1. Model description

In this part of our work, we consider a DBD reactor whose dielectric coating materials of the two electrodes are
different.

By using the three types of dielectric coating materials mentioned previously in this article (Alumina
εr = 9 , Glass εr = 8.2 and Stumatiteεr = 7.3), we obtain three case studies shown in Figure 10.
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Figure 7. Effect of dielectric coating materials on: (a) discharge current, (b) electron density, (c) N2(A
3 ∑+

u ) density.
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Figure 8. Effect of applied voltage on: (a) discharge current, (b) electron density, (c) N2(A
3 ∑+

u ) density.
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Figure 9. Effect of frequency on: (a) discharge current, (b) electron density, (c) N2(A
3 ∑+

u ) density.
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Figure 10. Geometry of the three cases studied for the double dielectric reactor.

6.2. Simulation results
Figures 11 and 12, respectively, show a comparison between the discharge currents and the plasma densities
in the three types of DBD reactor. Figure 11 shows that all the forms of current are identical, the difference
between them lies in the current peak due to the variation of the equivalent capacitor of the dielectrics.
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Figure 11. Discharge current in the three types of DBD reactors considered.
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Figure 12. N2(A
3 ∑+

u ) density in the three types of DBD reactors considered.

For the plasma density (N2(A
3
∑+

u ) , we also get almost identical shapes near the grounded electrode
for the three types of DBD reactor, but a small difference in values is recorded near the high voltage electrode
at a distance of approximately 0.05 mm.

7. Conclusion

Our work aimed to study by simulation the dielectric barrier discharge (DBD) in pure nitrogen at atmospheric
pressure in 1D parallel-plate geometry, driven by a sinusoidal voltage power source using a self-consistent fluid
model considering the local average energy approximation. The simulated discharge currents obtained are in very
good agreement with the experimental measurements. All the nitrogen reactions have led to an interpretation of
the behavior of 13 species present in the plasma with regard to the evolution in space and time. The parametric
study carried out on some parameters of the DBD has proved that the discharge current is proportional to the
relative permittivity while the electron density and the density N2(A

3∑+
u ) are about the same for the types

of dielectrics considered, thus, the discharge current increases with the voltage and the displacement current
becomes shorter. Also, the waveform of the discharge current does not change but the peak current increases
with the frequency value. This section approves that by manipulating each of these parameters, it can optimize
the discharge current or density of the plasma.
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