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Abstract. In this study we quantitatively investigate for the first time the plasma 
characteristics of an argon gliding arc with a 3D model. The model is validated by 
comparison with available experimental data from literature and a reasonable agreement is 
obtained for the calculated gas temperature and electron density. A complete arc cycle is 
modeled from initial ignition to arc decay. We investigate how the plasma characteristics, i.e., 
the electron temperature, gas temperature, reduced electric field, and the densities of electrons, 
Ar+ and Ar2

+ ions and Ar(4s) excited states, vary over one complete arc cycle, including their 
behavior in the discharge and post-discharge. These plasma characteristics exhibit a different 
evolution over one arc cycle, indicating that either the active discharge stage or the post-
discharge stage can be beneficial for certain applications.  
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1. Introduction  

The gliding arc discharge has been attracting great interest in recent years due to its non-
equilibrium property and its ability to produce a high density of charged particles and active 
species, which is important for a wide range of industrial applications [1-4]. The gliding arc is 
generated between a pair of flat electrodes, connected to a power source and submerged in a 
laminar or turbulent gas flow. The arc is ignited at the shortest interelectrode gap when the 
electric field is high enough to cause breakdown. The arc expands upwards along the surface 
of the electrodes upon effect of the gas flow, and elongates until it extinguishes. Subsequently, 
a new arc is initiated at the narrowest gap, and the process is repeated [5-7].  

The gliding arc discharge allows the use of high power, which leads to the formation of a 
large amount of active species. Although initially developed for gas treatment [8], it can 
easily be adapted for surface [9] and even liquid treatments [10-13]. The first liquid targets 
tested were chemical pollutants (industrial waste, organic components and solvents) present in 
water [10-13]. However, plasma generated by a gliding arc discharge also shows potential for 
bacterial decontamination of liquids [14]. Although the active plasma stage of the gliding arc 
has been mostly used in industrial applications, some experiments have revealed that the post-
discharge is also very promising, because the effect of the plasma can continue when the 
discharge is switched off, and therefore without consuming further energy [15, 16].  
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The gliding arc has been widely used for gas treatment due to its simultaneously high 
productivity and good selectivity [17]. The reasonably high electron energy and charged 
particle density in the active arc (with considerable current density) have a major effect on the 
treated gas, due to the high current density and Joule heating. However, some excited species 
have a relatively long lifetime and considerable internal energy, so they can still be active 
even during the post-discharge stage. Therefore, in some applications, such as the treatment of 
liquid and sensitive surfaces [18], the gliding arc could be predominantly used as a source of 
post-discharge plasma. Obviously, in this case we need to know how long is the lifetime of 
the excited species, which have enough energy to modify the surface. In order to better 
control the use of either discharge or post-discharge phase for industrial applications, it is 
indispensable to investigate the plasma characteristics in both the discharge and post-
discharge of a gliding arc. Therefore, in this work we present the properties of both the active 
arc, with considerable current density, and the post-discharge plasma, with practically zero 
current and lower densities of active species, by means of computer modeling.    

Although 2D modeling of a GA discharge has been reported, it can only qualitatively explain 
the phenomena occurring in the GA discharge, for example, the arc root movement, the back-
breakdown phenomenon, etc [19-21]. In [21], we demonstrated that the 2D modeling 
approach is reasonable and useful to investigate the gliding arc behavior, by comparing with 
3D modeling results, based on certain assumptions about gas flow and electric current in the 
2D model. However, if we want to fully capture the gas flow effects and electric current, a 3D 
model is indispensable. In fact, the plasma characteristics of the gliding arc can only be 
described quantitatively in a 3D model, because the gas flow and arc column size really 
require a 3D model, using the real geometry. However, 3D modeling of a (gliding) arc 
remains scarce due to the long computation time. To date, the published 3D models in 
literature are based on local thermodynamic equilibrium [22-26] or on the two-temperature 
thermal non-equilibrium and chemical equilibrium assumption [27]. In [28] a thermal non-
equilibrium and chemical non-equilibrium 3D model was employed to describe a reverse 
vortex flow gliding arc reactor, but the number of chemical reactions was limited. In our 
paper, a 3D model is developed without these simplifications, but this is at the expense of the 
computational cost. Nevertheless, we present here the evolution of the plasma characteristics 
in a gliding arc discharge, calculated with a 3D model over one complete arc cycle.  

In our paper, we also investigate for the first time the effect of turbulent gas flow on the 
plasma characteristics of a gliding arc discharge. It is indeed reported from experiments [29] 
that a comprehensive numerical model, including the turbulent convection and plasma 
chemistry, is required to provide quantitative understanding of a gliding arc discharge. 
However, the approach of Direct Numerical Simulation (DNS), which is mostly associated 
with modeling of turbulent flows, aims to solve all scales of the flow, hence using extremely 
fine meshes, and extremely small time steps. Thus, computing turbulent gas flows in 3D 
requires very high computational power, as it requires solving the Navier-Stokes equations in 
a much finer mesh than required for laminar flow. For this reason, we simulate here the gas 
flow using the so-called k-ω Reynolds-averaged-Navier-Stokes (RANS) turbulent modeling 
technique, which effectively averages all fluctuating turbulent quantities over time, greatly 
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reducing the computational cost.  

In section 2 we present our model, which uses the quasi-neutrality assumption and a reduced 
chemistry set and number of species. These assumptions are necessary in order to run the 3D 
model within a reasonable computation time. Moreover, we have validated the quasi-
neutrality assumption by comparison with a non-quasi-neutrality model in [30]. In the results 
and discussion part we first compare our calculation results with experimentally measured 
data, in order to validate the 3D model. After this validation, we investigate the arc ignition, 
propagation and decay phenomena, i.e., the evolution of the plasma characteristics over one 
complete arc cycle. Finally, the conclusions will be given in section 4. 

2. Description of the model 

2.1 Gliding arc geometry 

 

Figure 1. 3D Cartesian geometry used in the model. The zero of the z-axis in the figures 
below is at the position of the shortest interelectrode gap, which is 43 mm from the position of 

the gas nozzle (gas inlet).  

The 3D Cartesian geometry used in our model is presented in figure 1. It is based on the 
gliding arc reactor studied by Tu and colleagues [31, 32], for which experimental data are 
available to validate our model. Figure 1 shows a cross section through the middle of the 
anode and the cathode, i.e., the cathode and anode in reality have a width of 5 mm, but only 
half of it is considered here. The shortest interelectrode distance is 3.2 mm in the model, 
which is the same as in the experiments [31, 32]. The entire model geometry, including the 
region outside the electrodes where the gas can flow without passing through the arc, is a 
cylinder, with radius of 31.8 mm. Besides the symmetry plane through the middle of the 
anode and cathode, as shown in figure 1, we also assume another symmetry plane between the 
anode and cathode in the 3D model, indicated by the red thin dashed line in figure 1. This 
allows us to model 1/4 of the total domain. The latter significantly reduces the calculation 
time. 
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2.2 System of equations 

The plasma discharge equations are the same as in our previous paper [21]. They describe the 
plasma density, electron and gas temperature, and the electric field in the gliding arc. 
However, the gas flow description is now different from our previous paper [21], because we 
use here the k-ω Reynolds-averaged-Navier-Stokes (RANS) turbulent model. The following 
Navier-Stokes equations for Newtonian fluid are solved for the gas flow:                                      
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where  is the gas density, ug is the gas flow velocity, pg is the pressure,  is the dynamic 

viscosity and T  is the turbulent viscosity of the fluid, k is the turbulent kinetic energy, Î  is 

the identity matrix and the superscript ‘T’ stands for the tensor transpose operation. ω is the 

turbulent dissipation rate, Pk is the production of kinetic energy k, and k ,  , 0 , 0  and   

are turbulence model parameters (see [33] for more details). In our case, the RANS equations 
are not solved together with the other equations, because this would lead to excessive 
calculation times. Instead, the RANS equations are first solved separately in order to provide 
a solution for a fully developed gas flow, which is subsequently used as initial condition for 
the system of plasma discharge equations. Then the other plasma equations are solved 
simultaneously using the obtained velocity as input data, i.e., the equations for the electric 
potential, species densities, gas temperature and electron energy are solved in a coupled way. 
 
We apply a reduced chemistry set in order to calculate the 3D model within a reasonable time. 
We consider five important species, i.e., Ar, Ar(4s), Ar+, Ar2

+ and the electrons (e), and their 
chemical reactions are the same as the corresponding reactions listed in table 1 in [21]. In our 
case, the calculated radiation energy loss using the formula in literature [34-36] is relatively 
minor compared with the elastic collision energy loss and inelastic collision energy loss 
caused by chemical reactions, so we neglect its effect in the calculations.  
 
The arc is first ignited in the model by using a time and space dependent heat source term that 
creates a conducting plasma channel between the cathode and the anode wall. At the 
beginning, the gas electrical conductivity is very low, so when adding this artificial heating 
term to initiate the discharge, the gas resistance decreases in a short time, thus leading to a 
sharp voltage drop. Then the voltage drops further until a stable self-sustained plasma channel 
is formed, i.e., the discharge is ignited at the shortest interelectrode distance. After this, the 
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arc voltage increases under the effect of the gas flow, so the next ignition of the arc at the 
shortest interelectrode gap is caused by the large arc voltage. 
 
The boundary conditions to solve the plasma discharge equations, i.e., for the plasma density, 
electron energy, heat transfer and electric potential equation, are the same as defined in [21]. 
The anode electric potential is zero (anode connected to ground). The cathode potential is 
derived from Ohm’s law based on the total cathode current and the external circuit. For the 
species density and electron energy equations, zero species fluxes and zero electron energy 
flux are set at the walls, and a zero gradient of the species density and the electron energy 
density are set at the inlet and the outlet. The thermal insulation boundary condition is used on 
the electrode walls, the temperature is fixed at 293.15 K at the inlet, while a zero temperature 
gradient is assumed at the outlet. For the inlet condition of gas flow, here we define the 
normal inflow velocity at the nozzle inlet, which has a small diameter of 1.5 mm, to obtain a 
gas flow rate of 10 L/min. 
 
3. Results and discussion 

3.1 Validation of the model: Comparison between calculated and experimental values 

In order to validate our 3D model, we plot in figure 2(a) the maximum value of the calculated 
gas temperature along the z-axis at different times , together with the experimental values, 
obtained from [31] at a current of 28 mA and a gas flow rate of 10 L/min. The results are 
plotted as a function of the distance of the maximum Tg value from the shortest interelectrode 
gap - the arc moves in time and thus the maximum value appears at different distances. The z-
axis on which the results of figure 2(a) are sampled, is marked with a white dashed line in 
figure 2(b), which illustrates the 2D distribution of the gas temperature in the yz plane at a 
time of 0.2 ms. The calculated gas temperature first increases rapidly from 300 K to 570 K, 
and afterwards, it increases slightly upon larger axial distance. The first increase of the gas 
temperature is caused by the arc ignition, due to the energy exchange in collisions between 
electrons and heavy particles. After the ignition, the gas temperature increases only slightly, 
which can be explained by the slightly decreasing gas heating source term and the strong 
convective and conductive cooling loss terms in the 3D model. As will be shown in section 
3.2, within one arc cycle, the electron temperature almost stays constant at 2.6 eV, and the 
electron density gradually decreases with time. So the elastic energy transfer from the 
electrons to the heavy particles slightly decreases, which results in a slight decrease of gas 
heating with time. Moreover, the convective and conductive cooling prevent further arc 
contraction, and thus the gas temperature rise is limited. Hence, the combination of the gas 
heating source term (i.e., slightly decreasing) and the cooling loss term results in only a minor 
increase of the gas temperature with axial distance after ignition of the arc.  

The maximum experimental gas temperature reported in [31] is about 500 K, which is about 
30% lower than our maximum calculated gas temperature of about 650 K. This difference can 
be explained by some experimental factors, which are not considered in the simulations, like 
the phenomenon of back-breakdown and the arc jump attachment on the surface of the 
cathode. Indeed, these phenomena both result in a slower arc velocity than the gas flow 
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velocity, and this causes a lower gas temperature inside the arc [19, 21]. Due to the 
complexity of the model, these factors are not considered in the present 3D model, because 
this would lead to excessive computation times. Indeed, the calculation time of the present 3D 
model is about 12 days for one complete arc cycle through the GA reactor, and in previous 
work of our group [30], we found that taking into account the arc jump attachment on the 
surface of the cathode, in a 2D model, causes an increase of the calculation time by a factor 5. 
Thus it is clear that taking this effect into account would indeed yield too long calculation 
times in a 3D model. 

We would like to note that our earlier simulations in 2D predicted much higher values of the 
maximum gas temperature, i.e., in the order of about 1200 K [19, 21]. The reason why our 
new model already yields better agreement with the experimental gas temperature is because 
the turbulent convective cooling is considered in this model. Hence, it is clear that our 3D 
model presented here can provide a much more realistic picture for the gas temperature.  
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Figure 2. (a) Comparison of calculated maximum gas temperature along the z axis with 
experimental values obtained from [31], as a function of z-axial distance from the shortest 
interelectrode gap. The z-axial distance corresponds to different times of the arc evolution 
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(the last position of 15 mm corresponds to a time of 0.7 ms). (b) is an illustration of the gas 
temperature distribution in the yz plane at t=0.2 ms , for a current of 28 mA and a gas flow 

rate of 10 L/min. 

Figure 3(a) shows the maximum value of the electron density along the z axis (in the arc 
center), at different times corresponding to different z-axial positions. The electron density 
distribution in the yz plane is presented in figure 3(b) at t=0.2 ms, in which the z-axis is 
marked with a white dashed line. It is clear from figure 3(a) that after ignition of the arc, the 
electron density slightly drops with increasing z-axial position, from 6×1020 to 3×1020 m-3. In 
[31] an electron density in the order of 5×1022 m-3 was measured for an argon gliding arc, so 
these values are two orders of magnitude higher than our calculated values. However, we 
believe that these measured values are too high, because they correspond to conditions close 
to an LTE plasma at 1 atm [37, 38], and we clearly show that the gliding arc under study is far 
from LTE. The gas temperature measurements in [31] also clearly state that the plasma is far 
from LTE. Furthermore, in [39] the electron density was measured to be about 5×1021 m-3 for 
an argon gliding arc at a current of about 200 mA. This is about one order of magnitude 
higher than our calculated values, but the current was also one order of magnitude higher, and 
we expect the current to be linearly proportional to the electron density. Furthermore, in [40], 
an electron density in the order of 9×1019 m-3 was reported for an argon gliding arc, at a 
current density of about 105 A/m2, which is similar to our calculated current density (i.e., 
about 3×105 A/m²). Therefore, we believe that our calculated electron density is within a 
realistic range.   
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Figure 3. Calculated maximum electron density (in the center of the arc) along the z axis, as a 
function of distance from the shortest interelectrode gap (a), and illustration of the electron 

density distribution in the yz plane (b), for a current of 28 mA and a gas flow rate of 10 L/min. 

3.2 Evolution of plasma characteristics in discharge and post-discharge 

 

 

Figure 4. Time and spatial evolution of the electron temperature in the yz plane, at a current of 
28 mA and a gas flow rate of 10 L/min. 

Figure 4 presents the time and spatial evolution of the electron temperature in the yz plane at a 
current of 28 mA and a gas flow rate of 10 L/min. The electron temperature in the arc center 
(core) almost stays constant at 2.6 eV within one arc cycle. At a time of about 0.7 ms, a new 
arc is formed at the shortest interelectrode gap, with a somewhat larger electron temperature 
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of 2.76 eV, which is caused by the larger electric field, as shown in figure 5 below. This 
higher electron temperature results in more electrons produced at the shortest gap, as will be 
shown below. As a result of this, a new arc forms at the shortest interelectrode gap, the old arc 
disappears, and the arc cycle repeats itself. When the old arc begins to disappear, the electron 
temperature almost immediately (i.e., within a time shorter than 50 µs) drops to a value 
similar to the background plasma, which means that the electric field also drops to values 
corresponding to the background plasma, as shown in figure 5 below.  

The reduced electric field (E/N) is a very important parameter for non-equilibrium plasmas, as 
it determines whether the plasma is in equilibrium or not. Only at very low E/N values (<< 1 
Td or 10-21 V·m2), the electron energy comes close to the kinetic energy of the heavy particles 
[41]. As seen in Figure 5, at a time of 0.05 ms, there is a strong reduced electric field of 
2.96×10-21 V·m2, resulting in the initiation of a new arc. After the ignition of the arc, the 
evolution of the reduced electric field is similar to that of the electron temperature, i.e., it 
slightly decreases from 2.8×10-21 to 2.6×10-21 V·m2 (or from 2.8 to 2.6 Td). This reduced 
electric field is sufficient for ionization, and for sustaining the arc operation. In [42], a 
reduced electric field value of 6 Td was reported for a gliding arc discharge in air, based on 
measured values of the electric field strength. Hence, this is in the same order of magnitude as 
our calculated values. Because oxygen is an electronegative gas, electron attachment can 
compete with electron production by ionization. Therefore, a somewhat higher electric field is 
needed to sustain the arc in air than in argon.  

It is thus clear that the reduced electric field needed to sustain the arc during the discharge 
stage is relatively high, demonstrating that the gliding arc is non-thermal, but in the post-
discharge stage, the reduced electric field quickly drops to the background value, as shown at 
a time of 0.75 ms in figure 5. At the time of 0.8 ms, a strong reduced electric field of 2.96×10-

21 V·m2 again occurs at the shortest gap, which is similar to the value at the time of 0.05 ms, 
resulting in a new arc cycle.  
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Figure 5. Time and spatial evolution of the reduced electric field in the yz plane, at a current 
of 28 mA and a gas flow rate of 10 L/min. 

Note that the repetition cycle of the gliding arc, and thus the moment of appearance of a 
second arc at the shortest gap, is not exact and does not correspond to an actual experiment. In 
reality the breakdown at the shortest gap will appear at much higher electric field (or voltage 
between the electrodes) due to the considerable breakdown voltage of the argon gas. In the 
model the breakdown appears earlier since we impose a low density background plasma for 
improved model stability. This allows easier and thus earlier breakdown (i.e., at much lower 
breakdown voltage) and thus the period of cycle repetition is shorter than in reality, where it is 
around 8.4 ms for the conditions under study [31]. However, despite the early appearance of a 
secondary arc, the properties of the arc plasma and post-discharge plasma are expected to be 
realistic and unaffected by the repetition period. 

The time and spatial evolution of the gas temperature in the yz plane is presented in figure 6, 
while figure 7 shows the 1D distribution of the gas temperature along the z-axis at different 
times. 

At the time of 0.05 ms, the gas temperature is very low, i.e., 440 K at the center, which can be 
clearly seen from figure 7, while at this moment, the electron temperature and reduced electric 
field are already very high (see figure 4 and 5), causing ignition of the arc. From 0.05 ms to 
0.2 ms, the gas temperature increases significantly, while it increases only slightly from 0.2 to 
0.7 ms; this behavior was explained in section 3.1. At the time of 0.7 ms, when a new arc 
starts to ignite, as observed from the electron temperature and reduced electric field 
distributions in figures 4 and 5 above, the gas temperature is still very low at the position of 
the shortest gap, indicating that there is still only one arc in the entire region. Therefore, there 
is only one peak value of the gas temperature at this time in figure 7. However, both the 
electron temperature and reduced electric field have a maximum at the shortest gap at this 
time, indicating the ignition moment of the new arc.  

In the post-discharge stage, after 0.7 ms, the gas temperature gradually decays, while the 
electron temperature and reduced electric field suddenly drop to the background values (see 
figure 4 and 5). In figure 7, two peaks are observed in the gas temperature profile from 0.75 to 
1 ms. At the time of 0.75 ms, the gas temperature in the new developing arc (350 K) is still 
lower than the gas temperature in the afterglow of the previous arc (450 K), so the new arc 
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cannot be clearly seen yet from the 2D distribution at this moment, until the time of 0.8 ms, 
when the gas temperature in the new arc is 490 K, and the gas temperature in the post-
discharge decreases to about 400 K. Due to the lower gas temperature in the post-discharge 
stage, the post-discharge can be used for surface treatment or cleaning without corrosion and 
melting [43], especially when dealing with heat-sensitive materials. From the great difference 
between the electron and gas temperature, at the conditions investigated here, it is clear that 
the gliding arc is a non-equilibrium plasma. 

 

 

Figure 6. Time and spatial evolution of the gas temperature in the yz plane, at a current of 28 
mA and a gas flow rate of 10 L/min. 
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Figure 7. Distribution of gas temperature along the z-axis at different times, for a current of 
28 mA and a gas flow rate of 10 L/min. 

Figure 8 exhibits the time and spatial evolution of the electron density in the yz plane, at a 
current of 28 mA and a gas flow rate of 10 L/min, while figure 9 shows the 1D electron 
density distribution along the z-axis at different times. 

At the time of 0.05 ms, the plasma discharge is ignited, and the arc glides along the electrodes 
under the influence of the gas flow. In the arc discharge stage, the electron density slightly 
drops with increasing z-axial position, from 6×1020 to 3×1020 m-3, as also shown in figure 3(a) 
above. At the time of 0.7 ms, the larger electron temperature at the shortest interelectrode 
distance (see figure 4 above) results in a rise of the electron density at this position (see figure 
8), i.e., to a value in the order of 6×1018 m-3. Hence we can observe two peak values in figure 
9 at 0.7 ms. The first peak value is lower, corresponding to the density at the shortest gap, 
while the second peak value is higher, corresponding to the old arc. This indicates the 
beginning of a new arc cycle, as explained above.  

Although the electron density has a high value during the discharge stage, when the old arc 
begins to disappear, the electron density suddenly drops to a very low value of 6×1017 m-3 at a 
time of 0.75 ms (see figure 8 and 9). Hence, we only see a shade moving downstream during 
the post-discharge stage in the 2D distribution. Here we should note that despite the large 
drop in the peak density value, i.e., a factor 1500 between 0.7 ms and 0.8 ms, the total number 
of electrons actually decreases only by a factor 30 within this time interval. This is due to a 
spread of the plasma species in a wider channel.   

Figure 10 presents the distribution of the Ar+ and Ar2
+ ion densities along the z-axis at 

different times, for a current of 28 mA and a gas flow rate of 10 L/min. During the active arc 
phase, the Ar+ ions are dominant, with peak values up to a factor 10 higher than for the Ar2

+ 
ions (see figure 10), while in the post-discharge stage, the Ar+ ions suddenly disappear, and 
the Ar2

+ ions become dominant, since their density drops more slightly (cf. the three small 
peaks at 0.8, 0.9 and 1.0 ms). This is the result of the fast ion conversion of Ar+ to Ar2

+ due to 

the process Ar+ + 2Ar → Ar2
+ + Ar. This also explains why the electron density exhibits a 

shade in the post-discharge, as it is related to the evolution of the Ar2
+ ion density (see details 

below). The low charged particle density is important when using the post-discharge for 
surface treatment, as it will suppress damage effects due to ion bombardment and prevent 
surface modification by ion impact [43, 44].  
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Figure 8. Time and spatial evolution of the electron density in the yz plane, at a current of 28 
mA and a gas flow rate of 10 L/min. 
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Figure 9. Distribution of electron density along the z-axis at different times, for a current of 
28 mA and a gas flow rate of 10 L/min. 
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Figure 10. Distribution of Ar+ (dashed lines) and Ar2
+ (solid lines) ion density along the z-axis 

at different times, for a current of 28 mA and a gas flow rate of 10 L/min. 

The time and spatial evolution of the Ar2
+ ion density is presented in figure 11. At the time of 

0.05 ms, the density is quite high, i.e., about 7.5×1019 m-3, i.e., only a factor 5.7 lower than the 
electron density (about 4.3×1020 m-3, cf. figure 8), and a factor 4.7 lower than the Ar+ density 
(about 3.55×1020 m-3, cf. figure 10). This is due to the low gas temperature at this moment 
(see explanation below). With increasing time, the Ar2

+ ions have a somewhat higher density 
at the borders of the arc, while in the arc core zone, their density is lower. This is different 
from the electron density distribution and the Ar+ ion density distribution (not shown), which 
exhibit their maximum in the core of the arc. This behavior can be explained from the gas 
temperature distribution, because at a low gas temperature, the Ar+ ions are converted into 
Ar2

+ ions by the three-body conversion reaction (Ar++2Ar→Ar2
++Ar). From the time and 

spatial evolution of the gas temperature in figure 6, it can be clearly seen that the gas 
temperature gradually decreases away from the arc core zone, resulting in a higher Ar2

+ ion 
density at the arc borders.                                                                                                                                     

When the old arc decays, i.e., in the post-discharge stage, there is a clear shade in the Ar2
+ 

density profile at the time of 0.75 ms, in the order of 6×1017 m-3. This distribution is the same 
as the distribution of electron density in the post-discharge stage (cf. figure 8 above), while 
the Ar+ ion density is already extremely low in this time interval (see figure 10), due to the 
fast ion conversion of Ar+ to Ar2

+, as explained above. Although the electron temperature and 
the reduced electric field are very low in the post-discharge, the charged particle densities 
gradually decrease as a result of diffusion and recombination. The major recombination 
process which take place in the post-discharge plasma is Ar2

++e→Ar+Ar(4s), while in the 
active arc phase the recombination processes are dominated by Ar2

++e→Ar+Ar(4s) and 
Ar++e+Ar→Ar+Ar.  
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Figure 11. Time and spatial evolution of the Ar2
+ ion density in the yz plane, at a current of 28 

mA and a gas flow rate of 10 L/min. 

Finally, the time and spatial evolution of the Ar(4s) excited state density is presented in figure 
12. At the time of 0.05 ms, the Ar(4s) density is very high, i.e., 9×1019 m-3, due to the high 
electron temperature at this moment. After ignition of the arc, the Ar(4s) density slightly 
decreases during the arc downstream movement. At the time of 0.7 ms, the density at the 
shortest gap increases again due to the appearance of a new arc and the repetition of the arc 
cycle. 

In the post-discharge plasma at time 0.75 ms, the Ar(4s) density in the first arc has dropped to 
about 5×1016 m-3, but the plasma column is again wider compared to the active arc. Later, the 
density decreases further to negligible values. Therefore, when using the post-discharge for 
surface treatment, it is important to ensure that the excited states reach the target object 
rapidly, before their density decays, resulting in slow reactions. 

Overall, from the results presented above, we can conclude that the species densities and the 
electron temperature reach more or less constant values very quickly after the arc ignition. For 
gas treatment this could give a clue for more optimal conditions. Indeed, if the reactions of 
interest leading to certain gas conversion are fast (much faster than the gliding arc cycle, 
which is several ms in reality) and thus a chemical equilibrium is reached, one does not need 
to sustain the discharge for a longer time in the order of milliseconds but it might be more 
interesting to use pulsing with shorter period in the order of tens of microseconds. This is also 



16 
 

valid with respect to surface treatment using the post-discharge plasma: the excited species 
are formed in a short time, which suggests that the exposure time to the discharge stage might 
be drastically shortened, even down to a series of short pulses [45].   

 

 

Figure 12. Time and spatial evolution of the Ar(4s) excited state density in the yz plane, at a 
current of 28 mA and a gas flow rate of 10 L/min. 

4. Conclusions 

We have investigated in detail the plasma discharge and post-discharge characteristics of a 
gliding arc in argon by means of a 3D model. The calculated gas temperature is compared 
with experimental values to validate our model, and the agreement is quite reasonable, 
certainly when compared to previous 2D model calculations, where much higher gas 
temperatures were predicted due to the absence of turbulent convective cooling. Also our 
calculated electron density is in reasonable agreement with experimental data from literature. 
Therefore, we believe that our 3D model can quantitatively reproduce the real gliding arc 
behavior. 

In the plasma discharge stage, the electron temperature and reduced electric field are high to 
sustain the arc. This results in a high density of charged and excited species, allowing the 
discharge zone to be used for gas treatment, i.e., using the high energy electrons to react with 
the gas, giving rise to excitation, dissociation and ionization. However, in the post-discharge 
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stage, the electron temperature and reduced electric field drop over a very short time, and the 
densities of charged and excited species are relatively low.  

In some applications, such as plasma sterilization [46-48], the neutral species with 
considerable internal energy play a major role. They could reach the target as part of the post-
discharge plasma, but our results indicate that their densities also drop rather quickly as a 
function of time in the post-discharge. Hence, both the direct exposure to the plasma 
discharge and post-discharge have specific limitations. Our detailed investigation of the 
plasma characteristics in the discharge and post-discharge of the gliding arc allows to select 
the most appropriate discharge stage, according to the practical needs. When a high energy 
and high densities of charged particles are needed, it is better to use the active discharge stage, 
but the latter is accompanied with a high gas temperature. If a low gas temperature is needed, 
and the neutral species are important for the application, the post-discharge is more 
appropriate, but our results indicate that the densities of all species drop quickly. Finally, it is 
clear from our results that the gliding arc combines the discharge and post-discharge together 
and periodically produces both types of plasmas. 
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