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Transverse 2-D Gliding Arc Modeling
Alexander F. Gutsol and Shailesh P. Gangoli

Abstract— This paper was prepared in response to the growing
interest in the numerical simulation of the gliding arc (GA)
discharge. Our approach is rather simple 2-D modeling of the
GA, in the plane that is parallel to the gas flow and perpendicular
to the discharge current. We used Fluent software with a
subroutine that calculates electric conductivity of argon plasma
and local heat release due to the electric current of predetermined
value. Electric conductivity of argon was calculated as function
of the reduced electric field and gas temperature. Our results
show that this approach can give very useful information about
the gas-discharge interaction, which is very important to capture
the discharge behavior. Presence of discharge inside the gas flow
significantly disturbs both of them. Gas-discharge slip velocity
exists at least at the beginning of GA development cycle even if
there is no mechanism of the discharge deceleration. Just original
spark formation associated with the electrode surfaces results
in the appearance of this “independent” slip. In the cases of
reasonably high gas velocities and discharge currents, this initial
slip does not disappear during the discharge lifetime and can
result in significant discharge cross-sectional elongation along the
gas flow. Electric field fluctuation at any particular part of the
discharge channel can be very large, and this can have the major
effect on the nonequilibrium ionization and chemical processes.

Index Terms— Argon plasma electric conductivity,
atmospheric-pressure plasma devices, computational fluid
dynamics (CFD) modeling, discharge–flow interaction, gliding
arc (GA), plasma simulations.

I. INTRODUCTION

THE gliding arc (GA) discharge introduced by
Czernichowski [1], still attracts many researchers.

It became especially popular after the introduction of
newer designs, such as the magnetic GA (plasma disc) and
GA in Tornado (GAT) [2]. In just one journal, the IEEE
TRANSACTIONS ON PLASMA SCIENCE, since 2014, nine
different research groups have published papers related to
GAs [3]–[11]. GA is attractive because of its relative technical
simplicity and intermediate “warm plasma” properties. On
the other hand, because of its non-stationary and 3-D nature,
it is rather difficult to numerically model the GA.

Preliminary results of this paper were obtained in 2006 at
the Drexel Plasma Institute and presented at the Gordon Con-
ference on Plasma Processing Science but were not submitted
for publication till now. The motivation to rekindle and present
this paper came from our belief that these results can provide
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crucial guidance to other researchers looking to model the
GA discharge.

Relatively recently, the PLASMANT Group from the Uni-
versity of Antwerp started a project on GA numerical mod-
eling with the goal to make 3-D model of nonequilibrium
discharge, including chemical reactions, e.g., CO2 dissoci-
ation [12]–[14]. In general, the modeling of arcs in gas
flow is not new, as it can be seen, for example, in publi-
cation [15]. More information can be found in recent pub-
lications [16], [17]. These papers show results of the 3-D
gas-discharge interaction modeling, including magnetohydro-
dynamics. Therefore, a reasonable question arises–what is
the problem in GA modeling? There are several fundamental
problems: (1) Conventional approach in arc modeling assumes
local thermodynamic equilibrium, and this approach cannot
be applied for low-current gliding discharges. By the way,
these discharges are sometimes GAs and other times they are
gliding glow discharges [18]. However, the term GA is used
rather broadly, and we will continue to use it in this paper.
(2) Conventional high current arc has very high temperature
and it is therefore not “transparent” to gas with only a negligi-
ble portion of the gas flow being able to penetrate into a dis-
charge channel. (3) Gas viscosity in conventional high temper-
ature arc plasma reactors is very high, and gas flow assumed
to be laminar. This is usually not the case for GA reactors.

The PLASMANT Group started with rather detailed non-
equilibrium model of Ar plasma and two 2-D models of the
discharge channel: an axisymmetric one without gas motion,
and a Cartesian one, where an infinite plasma “sheet” is bend-
ing and elongating by gas flow, and is artificially decelerated at
electrode spots [12]. Yes, the results obtained using the second
approach looks like GA, and this is good already, however, is
the model able to capture major GA peculiarities? Why should
we believe that the channel is axisymmetric at least locally?
What controls the electrode spot motion and gas-discharge slip
velocity? And how the slip velocity can be seen and calculated
in these models? Later, when this paper was already submitted
as an abstract for ICOPS, the PLAMANT Group published
another paper [14] with 3-D modeling of small GAT reactor,
where some slip velocity should be observed, but the authors
did not emphasize this, probably because their approach of
separation of gas-dynamics and discharge modeling limits
the ability to reveal this important feature. According to the
paper [14], “In order to reduce the computation time, the gas
flow model was solved first as a stationary problem and the
obtained velocity field and the turbulent energy dissipation
were used in the plasma model coupled with the gas heating.
Thus, the model does not consider the hydrodynamic influence
of the GA on the gas flow.”
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On the other hand, our model is probably oversimplified
from the standpoint of plasma description, although it includes
thermal and non-thermal ionization and recombination reac-
tions. Our model couples nonstationary gas-dynamics with
gas heating by electric current, and this coupling helps reveal
(at least qualitatively) the interaction between discharge and
gas flow. We hope that the information that was obtained
using our simple approach will help other researchers, e.g.,
the PLASMANT Group, in their efforts to make meaningful
3-D model of GA using limited computational resources.

II. MODEL DESCRIPTION

Like the PLASMANT Group, we also modeled the gliding
discharge in argon. As our goal was to qualitatively study
the interaction between discharge and gas flow, we have used
rather simple approach for modeling of Ar plasma properties
(Fig. 1) and used these properties with Fluent computational
fluid dynamics (CFD) software. In low current discharges
without external magnetic fields, electromagnetic forces are
small, and discharge influence on gas dynamics is expressed
by the spatial heating effect. Therefore, the major parameters
we need for simulation of the discharge–flow interaction in
CFD are electric conductivity and Joule heating. We assumed
that argon plasma electric conductivity σtot can be presented
as a sum of the nonequilibrium electric conductivity σne and
the electric conductivity determined by the thermal processes
σtemp: σtot = σne + σtemp. For calculation of the nonequilib-
rium electric conductivity, we need electron mobility μe and
electron number density Ne : σne = e · μe · Ne, where e is
the electron charge. For calculation of electron mobility, we
used Bolsig+ simulation considering only the most important
interactions of electrons with argon atoms: elastic collisions,
excitation to the 11.5 eV level and ionization (ionization poten-
tial Ei = 15.8 eV). Electron number density Ne was calculated
from the balance between ionization rate from the ground state
and the recombination. Ionization coefficient was calculated
within the Bolsig+ simulation. Ten years after the start of this
paper, we are unable to find the information source for the
recombination rate that we selected, however the resultant Ne

dependence on the reduced electric field E/N0 (Fig. 2) looks
reasonable, and corresponds approximately to two possible
cases (a) three-body recombination with the recombination
rate coefficient kR ∼ 10−32m6/s, or (b) dissociative attachment
to Ar+2 ions, that looks probably more realistic (see [19]), with
the recombination rate kA = 8.8 · 10−14 · T −0.67

e m3/s taken
from [20]. In the first case the balance looks like

kI Ne N0 = kR N3
e (1)

while, in the second case the balance looks like

kI Ne N0 = kA N2
e (2)

because concentration of Ar+2 ions is almost equal Ne [19].
Numerically, the curve in Fig. 2 was represented by

three parts:

1) For E/N0 < 6, Ne = 0.
2) For 6 ≤ E /N0 < 8, Ne = 10(4.692(E/N−6)+6) (m−3).

Fig. 1. Schematic for calculation of plasma conductivity.

Fig. 2. Dependence of electron number density Ne on the reduced electric
field E/N0 used for calculation of nonequilibrium electric conductivity σne.

3) For 8 ≤ E /N0
Ne = 10(14.24 exp(0.0002942E/N)−5.16 exp(−0.05986E/N)+6) (m−3).

Electric conductivity of argon plasma at high temper-
atures (T0 > 5370 K) was measured and evaluated by
many authors, and these data were collected in the book by
Dresvin [21, p. 141]. This high-temperature portion of σtemp
was approximated by the formula σtemp = −3.464 · 10−9T 3

0 +
1.235 · 10−4T 2

0 − 0.4969T0 − 356.2(Ohm−1m−1). At lower
temperatures, equilibrium electric conductivity was estimated
using the Saha equation ([22, p. 281] or [23, p. 196]) as

σtemp(T ) = C · exp(−Ei/(2kB T0)) (3)

where kB = 8.617 · 10−5 eV/K is the Boltzmann’s constant,
and the constant C = 1.0038 ·107 Ohm−1m−1 was selected to
give the same σtemp value at T0 = 5370 K as the high temper-
ature dependence (see above). The whole equilibrium electric
conductivity dependence on temperature used in simulation is
shown in Fig. 3.

Calculation of plasma conductivity was included into the
specially written subroutine file for Fluent. The major role
of this subroutine (Fig. 4) was iterative calculation of the
Joule heating power in each cell of the simulation domain.
To calculate Joule heating, in addition to conductivity we
need an electric field value. Initially, rather low electric field
E = 100 V/m, constant for the whole domain, was taken.
Then, the total current value It calculated in the iteration cycle
was compared with the predetermined (total required) current
value Itr. This comparison resulted in the adjustment of the
electric field value, and a new iteration cycle started. To make
the calculation procedure stable, we used an under-relaxation
factor k of appropriate value k � 1.
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Fig. 3. Dependence of equilibrium electric conductivity σtemp of argon
plasma on temperature T0 used in simulation.

Fig. 4. Schematic of interaction of Fluent with a subroutine for the Joule
power calculation in each cell of the simulation domain.

The total required current was kept constant, because it
is rather stable parameter during GA evolution. In the case
of the simplest system with constant voltage power supply
and ballast resistor, usually current value reduces two times
from the ignition moment to the extinction, in the absence
of so-called “overshooting” effect [24]. Even more stable
is current in advanced systems like magnetically stabilized
GA [25], [26] or GAT flow [27], [28].

Now, when we discussed the power calculation procedure,
it is worth coming back to the total electric conductivity
discussion and show its dependence on both, temperature
and electric field (not E/N0) in the relevant range of
parameters (Fig. 5).

As it will be seen later, in our simulation, the gas tempera-
ture T0 never exceeds 5000 K, therefore the equilibrium part
of the electric conductivity is presented by a smooth curve
(E = 0). On the other hand, the nonequilibrium part is much
larger at low temperatures, therefore the total electric conduc-
tivity σtot is presented by a group of “broken” curves in Fig. 5,
resulting from the “broken” electron density curves in Fig. 2.

Joule heating power dependence on electric field (Fig. 6) is
much stronger than that of electric conductivity, and as it will
be seen from the simulation results, they are mostly depend
on the nonequilibrium part of the electric conductivity.

All results presented in this paper were produced using the
same rectangular domain of 15 cm height and 2 cm width

Fig. 5. Dependence of total electric conductivity σtot of argon plasma on
temperature T0 and electric field E .

Fig. 6. Dependence of volumetric power release (W/m3) in argon plasma
on temperature T0 and electric field E .

with the same unstructured mesh (Fig. 7) that was generated
in 2006. This geometry approximately corresponds to the cross
section of the plasma channel of the GA reactor (Fig. 8) made
in 2000 at the University of Illinois at Chicago. Argon flow
moves upwards, starting with uniform vertical velocity at the
inlet (bottom of the domain). Method of plasma initiation was
the following: In the beginning of CFD simulation, just after
solution initialization, we patch gas with initial temperature
of 700 K in a 5 mm circle near the inlet (see bottom right
corner in Fig. 8). Then simulation starts and an initial electric
field of 100 V/m is applied in the whole domain. Room
temperature boundary conditions were applied to the gas flow
at the inlet and to the side walls. Buoyancy force was not
considered in the simulation.

It is necessary to explain, why we selected the plasma
initiation procedure described above. Flow initialization by
Fluent creates initial velocity distribution that is rather close
to that of the cold flow in our very simple geometry. Patching
a part of this flow with a high temperature at a particular spot
in the domain imitates the formation of initial conductive
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Fig. 7. Unstructured grid of the lower part (near the gas inlet) of the 15×2 cm
simulation domain. Circular part of the grid was used for plasma initiation.

Fig. 8. Simulated GA reactor with superimposed simulation domain
(GA reactor transverse cross section) after application of the high temperature
patch procedure. Enlarged domain is shown to the right.

channel in the gas flow just after electric breakdown. On the
one hand it forms inside the moving flow; on the other hand,
during formation, it is attached to the stationary electrodes.
In practice, during GA initiation, we hear sound from a spark,
because it produces shock wave. Looking at the discharge

initiation portion of the photo in Fig. 8, it is possible to
estimate that the initial spark channel diameter is about
0.5 mm. As temperature in the channel is much larger than
the room one, for rough estimation we can assume that all
gas from the channel is pushed out radially and this creates
a shock wave. The wave will propagate as a shock until its
amplitude drops below about 50 Pa [29]. For simplification,
we can assume that pressure inside the shock wave cylinder
is constant in space (in reality, the wave amplitude is
significantly larger than the average pressure behind it).
In that case it is easy to estimate that the cylinder volume will
be 2000 times larger than the volume of the spark, means that
the shock wave will propagate at least to diameter of 2 cm.
Very high speed of the shock wave itself and high radial
speed of gas behind it wipes out the flow structure that existed
before (in the case of Fig. 8 gas velocity was about 5 m/s),
and only after relaxation of this radial flow, interaction of the
discharge channel with the surrounding flow begins. Thus,
as spark forms from the streamer channel that is attached to
the electrodes, initial spark channel is stationary relative to
the electrodes. Nevertheless, our approach consider the initial
velocity to some extent. The readers should understand that
this is very simplified approach because the breakdown stage
is omitted completely. Rather large diameter and rather low
temperature of the “high temperature” patch were selected to
avoid instabilities at the initial simulation.

CFD simulation was made in transient regime, and this
allowed us to create “movies” that demonstrate GA develop-
ment in different regimes. In this paper, we present snapshots
from these movies and variation in plasma properties during
the cycle of GA development. In different simulation runs, we
changed the total required current value Itr and the initial gas
flow velocity. Laminar or turbulent conditions were applied at
different runs.

III. SIMULATION RESULTS AND DISCUSSIONS

The lowest current simulated was 3 mA with initial gas
speed of 1 m/s and laminar flow regime. Fig. 9 demonstrates
gas temperature distribution at time step of 0.1 s. Fig. 10
presents evolution of GA maximal temperature and axial
position of the maximal temperature spot on time.

Even this very low current and low velocity case with weak
gas disturbance shows some interesting features. Look at the
“three-angular” shape of the current channel. It is very differ-
ent from the axisymmetric shape assumed in the paper [12].
During the initial development stage, current contraction and
therefore temperature growth takes place. Probably, this is
opposite to what happens in reality: small diameter spark
transformation to a diffuse discharge. Temperature rise at
the very end of the evolution cycle takes place because of
the arc area reduction when it moves to the very end of the
domain. There is an obvious “slip” between gas and discharge
velocities in the beginning of a cycle. Thus, there is an
“inertia” of the low-density plasma. This inertia is caused by
the portions of gas decelerated during initial high-temperature
channel formation. Note that at the end of the evolution, axial
discharge velocity exceeds the initial gas velocity. This is
caused by gas heating and therefore thermal expansion. As a
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Fig. 9. Contours of gas temperature T0(K) at time step of 0.1 s for
3 mA–1 m/s case.

Fig. 10. Evolution of GA maximal temperature and axial position of the
maximal temperature spot for 3 mA–1 m/s case.

result, gas above the discharge should move faster than below,
and the discharge itself should move with an intermediate
speed.

Some additional features were better revealed during sim-
ulation of the 35 mA–1 m/s case. Let’s consider contours of
stream function (Fig. 11), temperature and vertical velocity
(Fig. 12) at the time step of 9 ms. Fig. 11 clearly demonstrates
that gas expulsion from the discharge channel is not very
significant (gas penetration into discharge channel is typical
for nonthermal discharges with convective cooling) despite
rather high maximal gas temperature (Fig. 12). Though the

Fig. 11. Contours of stream function at time step of 9 ms for
35 mA–1 m/s case.

Fig. 12. Contours of gas temperature and axial gas velocity at time step
of 9 ms for 35 mA–1 m/s case. Horizontal line shows the axial position of
temperature maximum.

difference between the initial gas and the discharge channel
velocities is not significant, axial velocity distribution is not
trivial at all (Fig. 12) and the acceleration of the gas flow
around the discharge channel is very obvious.

Discharge cross section grows with time and the shape of
the cross section changes from the circular one (Fig. 12)
to the bullet shape (Fig. 13), because of the interaction
with low-temperature walls. Fig. 14 shows, the evolution of
GA maximal temperature and axial position of the maximal
temperature spot on time. At this higher current of 35 mA,
maximal discharge temperature drops during the whole cycle
after the initial channel formation stage.

Regime of 3 mA–10 m/s was simulated in laminar and
turbulent conditions as well. Fig. 15 shows, the gas temper-
ature distribution at the time step of 0.13 s for a laminar
case. Three-angular shape of the discharge is even more
pronounced than in the 3 mA–1 m/s case. Comparison of
the maximal temperature between these two cases (1260K at
1 m/s versus 647K at 10 m/s) that differs only by the initial
gas velocity clearly emphasizes the importance of convective
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Fig. 13. Contours of gas temperature T0(K) at time step of 0.11 s for
35 mA–1 m/s case.

Fig. 14. Evolution of GA maximal temperature and axial position of the
maximal temperature spot for 35 mA–1 m/s case.

discharge cooling. Non-trivial temperature distribution below
the discharge is related to gas acceleration and deceleration in
this area (compare with Fig. 12).

The velocity of 10 m/s should cause some turbulence in
the 2 cm wide channel; therefore it was reasonable to study the
turbulence effect. Initially, the flow was simulated without the
discharge to find the input turbulence level that produces stable
turbulence parameters along the channel. This corresponds to
the fully developed flow in this flat channel. It was found
that the initial turbulence intensity should be low, only 1%.
Nevertheless, it is possible to see (Fig. 16) that in the main
flow, the effective viscosity is more than ten times larger than
the molecular one.

Fig. 15. Contours of gas temperature T0 (K) at time step of 0.13 s for
3 mA–10 m/s laminar case.

Fig. 16. Contours of effective viscosity (kg/m/s) in a flat channel without
discharge with the initial turbulence level of 1%.

Simulation of the discharge with and without turbulence
showed rather small though visible difference in the results
(Fig. 17). The difference is small because even very low cur-
rent of 3 mA significantly heats gas and suppresses turbulence
because of the increase in gas viscosity. After that turbulence
development takes significant time as it can be seen in Fig. 18.

In turbulent flow, discharge acceleration is faster because
of higher viscosity and maximal temperature is lower because
of higher heat conductivity (Fig. 17). Shape of the discharge
cross section in the turbulent case is rather similar to that in
thee laminar case (Fig. 15).
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Fig. 17. Evolution of GA maximal temperature and axial position of the
maximal temperature spot for 3 mA–10 m/s laminar and turbulent cases.

Fig. 18. Contours of effective viscosity (kg/m/s) at time step of 13 ms
for 3 mA–10 m/s turbulent case.

Considering rather small differences between the discharges
in laminar and the turbulent 3 mA–10 m/s cases, and our goal
of qualitative description of the discharge–flow interaction, the
next cases with higher currents were simulated only in laminar
regimes.

The case of 35 mA–10 m/s was run three times, because
the results were slightly different. For this case, each run
was rather long (8–20 hours) to ensure convergence on each
time step. It is possible that during initial runs there were
time steps without good convergence. In the last case, the time
step was chosen to be small enough, 0.02 ms, to avoid any
convergence problems. The biggest difference in the discharge
appearance was visible in the very beginning of the develop-
ment cycle that cannot represent physical reality because of
the oversimplified approach to the discharge initiation stage
(see the model description above). Nevertheless, the discharge

Fig. 19. Contours of gas temperature T0(K) at time step of 13 ms for
35 mA–10 m/s case.

Fig. 20. Evolution of GA maximal temperature and axial position of the
maximal temperature spot for three runs of the 35 mA–10 m/s case.

simulation “remembers” this difference. Thus, the first run
resulted in three-angle shape discharge cross section, similar
to the case of 3 mA–10 m/s, while other runs resulted in
oval shape of the discharge (Fig. 19). The discharge cross
section is much smaller than that in the 35 mA–1 m/s case
that indicates that the convective cooling in faster flow is
much more efficient despite rather small gas-discharge slip
velocity. Problems with simulation repeatability for this case
are shown in Fig. 20. Nevertheless, at the ends of simulated
cycles, discharge parameters came to almost the same values.
For the second and third runs, electric field values E were
also recorded. Fig. 21 shows that a spike in maximal gas
temperature is associated with the significant drop of E .

The most interesting results were obtained for the case
of 350 mA–10 m/s. This current value is typical for 1 kW
power range GA. To have convergence at each time step,
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Fig. 21. Evolution of GA maximal temperature and electric field value E
for the last two runs of the 35 mA–10 m/s case.

Fig. 22. Contours of gas temperature T0 (K) at time steps of 4 and 13 ms
for 350 mA–10 m/s case.

the step duration was reduced to the very low value of 5 ns.
Total run time was more than two weeks. The grid size is
small but the case was not modified for parallel computing,
therefore the desktop computer did not run at full power.
Nevertheless, this shows how time consuming transient case
simulation can be.

Observe the discharge shape (Fig. 22). It is absolutely
different from anything presented above. Appearance of “ears”
can be related to the initially rather large area of patched
high temperature region. However, elongation of the discharge
region along the flow is probably a specific feature of the rela-
tively high current discharge at relatively high speed gas flow.

Note, that it is probably impossible to reveal signifi-
cant discharge elongation using photo or video recording,
because rather small high temperature zone should be much

Fig. 23. Evolution of GA maximal temperature, axial position of the
maximal temperature spot, and discharge elongation along the gas flow for the
350 mA–10 m/s case.

brighter than the rest of the electrically conductive channel.
Multiple high resistance voltage probes inserted into the cen-
tral portion of the flat GA discharge reactor walls can probably
clarify this issue. We are unaware of any such experimental
efforts. On the other hand, we also do not know of any
publication that predicted such a significant discharge channel
elongation in gas flow.

In this case, in contrast with all previously considered cases,
the velocity of the maximal temperature spot did not reach
the gas velocity (Fig. 23), thus the gas-discharge slip velocity
is very significant. This is in agreement with significant slip
velocities reported earlier and very recently [30], when the
authors used a rather elaborated approach.

Analysis of the results of this run showed that in addition to
the motion of the high temperature spot, it was significant and
almost constant speed of the discharge cross-sectional elon-
gation (Fig. 23). Note that our model does not include elec-
tromagnetic forces, which are assumed to be small. However,
these forces cause “pinch effect” at high current discharges and
can affect the discharge cross-sectional elongation. We hope
that in the future numerical simulation modeling, especially
for 3-D cases, other researchers will consider these forces. The
PLASMANT Group in their published research [12]–[14] also
did not include electromagnetic forces that can affect shape
and size of the discharge cross section and discharge channel
bending as well.

At the second half of the discharge lifecycle
(350 mA–10 m/s case), the maximal temperature stabilized
around 3000 K, similar to the case with 35 mA at 10 m/s.
During this very long run, we periodically checked the
progress and observed chaotic fluctuation of the electric field
in a very wide range, and uncorrelated maximal temperature
fluctuation but in a much narrower range. To understand
what is going on, a short part of the case was rerun and
the simulation results with electric field and gas temperature
records were saved much more often than in the initial run
(Fig. 24). Then, selections of the appropriate graphic scales
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Fig. 24. Evolution of GA maximal temperature, electric field value E , and
discharge power per unit of the discharge length for the 350 mA–10 m/s case.
The case was rerun between 16.4 and 17 ms (highlighted area in Fig. 23).

revealed an interesting tendency. First of all, even in the
selected simulation period when maximal temperature looks
constant at relatively large time scale, there are wave-shaped
oscillations of this value visible at smaller time scale. It is
possible to see that fluctuation of the electric field amplitude
and therefore power oscillations are really very big, minimal
and maximal values can differ by a factor of 7. It looks like
the maximums of the temperature waves correspond to the
sudden drops in electric field value. This may be an artifact
of the “broken” conductivity curves (Fig. 5). Nevertheless,
it is clear that this kind of electric field oscillation can have
the major effect on nonequilibrium plasma chemistry. For the
experimental conditions, where the current over the whole
length of the discharge is the same, but all other conditions,
including the angle between the gas flow and the current
directions vary in the different parts of the discharge, it means
that at the same moment of time plasma conditions, e.g.,
electric field value, in different parts of the discharge will
be very different. We are unaware of attempts to measure
electric field distribution along a gliding discharge.

In the recent publication [30], the authors report on their
experimental observation of the low current discharge from
two different perpendicular directions. If to stop their movie
available online at one-third of the movie length, when one
camera looks along the upper portion of the discharge channel
and therefore another camera looks straight to this discharge
portion, it is possible to see that the brightness at the top of
the discharge is much higher than at all other parts of the
discharge. It is clear that this portion has higher temperature,
larger cross section and, therefore, much lower electric field.
Note that the authors found that gas-discharge slip velocity
is in the range of 2–8 m/s with average of 4.5 m/s, while
the gas velocity did not exceed 10 m/s. Looking at their
experimental results, our simulation results, some GAT movies
that we have, or pictures of the flat GA (Fig. 8), or magnetic
GA [25], we got an impression that the role of “dragging”
force from the electrode spots may be over-emphasized by
some authors, e.g., [12], and the discharge elongation is caused

mostly by nonuniform gas velocity distribution and presence
of gas velocity components along the discharge channel. Thus,
slip velocity can be also caused by other reasons as the last
simulation case shows.

Note that discharge channel cross-sectional elongation in
the direction of the slip velocity can provide additional sta-
bility to gliding discharges in the advanced systems, such as
magnetically stabilized GA [25], [26] or GAT flow [27], [28].

IV. CONCLUSION

Our simulation shows that transverse 2-D GA modeling
can give very useful information about the gas-discharge
interaction. Thus, gas-discharge slip velocity exists at least
at the beginning of a cycle even if there is no mechanism
for discharge deceleration. Just original spark formation asso-
ciated with the electrode surfaces results in the appearance
of this “independent” slip. In the cases of reasonably high
gas velocities and discharge currents, this initial slip does
not disappear during the discharge lifetime and can result in
significant discharge cross-sectional elongation along the gas
flow. Electric field difference between different parts of the
discharge channel and the field fluctuation at any particular
part of the channel can be very large, and this can have the
major effect on the nonequilibrium ionization and chemical
processes.
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