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Abstract. Gliding arc discharges are the subject of renewed interest in applications to a
variety of chemical reactions. A gliding arc creates a weakly ionized gas ‘string’ between
two horn-shaped electrodes. The reacting gas introduced at the electrode base blows the arc
string upwards. These devices can be applied in industry mainly for decontamination and
general gas treatment. We propose a simple model to describe the electrical properties of a
bi-dimensional d.c. gliding arc discharge. This model can be used to estimate characteristics
of the power source (internal resistancer and voltageUg) necessary for a particular
application.

1. Introduction

Applications of different plasma reactors are constantly
increasing in different fields of chemistry, metallurgy,
microelectronics and environmental protection. A new
system, called the ‘Glidarc’ [1] (gliding arc), has been
developed to generate a high-pressure non-equilibrium cold
plasma for chemical applications with both high efficiency
and selectivity for chemical reactions [2–4].

The Glidarc creates a weakly ionized gas ‘string’
between two horn-shaped electrodes. The gas is introduced
at the electrode base and a high d.c. voltage is applied to
the electrodes. An electric arc discharge is created at the
narrowest electrodes gap. Then the arc string is pushed
towards the top of the electrodes by the transverse gas
flow. During this movement lengthening of the arc string
is observed. The arc voltageUa progressively increases with
a small decrease of currentIa, until it attains the breakdown
voltageUBr value of the starting gap. A new arc appears at the
bottom of the reactor, which extinguishes the first arc at the
top of the electrodes. The Glidarc is periodically submitted
to the ignition–lengthening–extinction cycle.

In this paper, we propose a simple model to describe
electric behaviour of a bi-dimensional d.c. Glidarc discharge.
This model can be used to estimate characteristics of the
Glidarc power source (internal resistancer and voltageUg)
used in a particular application.
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Figure 1. Scheme of the Glidarc’s reactor.

2. Gliding arc properties [5–9]

The Glidarc reactor used in our experiments works in air
at atmospheric pressure forming a two-dimensional plasma
(reactor thicknesse ≈ 12 mm, gas injection nozzle diameter
φ ≈ 2 mm) (see figure 1). Two copper electrodes form
the variable angleα (typically α = 20◦) with the smallest
electrode separation distancede at the bottom of the reactor
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(a) (b)

Figure 2. Arc voltage, currents and power dissipated in arc as a function of arc length:�, arc lengthL < L1; ut, L > L1; ◦, arc in the gap.
(a) Dg = 3 N m3 h−1, de = 0.5 mm,Ug = 4.5 kV, r = 2500�; (b) Dg = 8 N m3 h−1, de = 0.5 mm,Ug = 4.5 kV, r = 2500�.

(typically de = 0.5 mm). The gas is injected between
electrodes with a controlled flow rateDg. Power is delivered
by a d.c. high-voltage supply with an internal resistance
r = 2500� and maximumUg = 4500 V.

The gliding arc behaves like a small diameter plasma
string pushed by a transverse gas flow. Only a weak decrease
of the arc currenti is observed during expansion of the arc
length. Experiments show that the electric field strengthE

and electrical powerw per unit of length can be assumed
as constant for arc lengths L below a critical valueL1 (see
figure 2). This is the basic hypothesis of the model proposed
in this paper. Furthermore, for an arc lengthL larger than
L1, one may notice that the powerP dissipated in the arc
becomes quasi-constant or, in some cases, weakly decreases.

In the smallest gap between electrodes the arc is very
short (figure 2) and unstable. In particular, it can be disturbed
by metallic vapours issued from the electrodes, the high
relative velocity between gas and the arc string, and important
cooling effects due to the gas flow in the neck. For these
reasons we do not use the corresponding experimental points
that are not really significant for Glidarc behaviour.

Figure 3. Aspect of the power dissipated in the arc as a function
of arc length.

3. Electrical characteristics

3.1. Basis of the model—validity of the basic hypothesis

Experimental points on the graph showing the powerP

versus the arc lengthL may be well represented by a
parabolic curve (see figures 2(a) and 2(b)). Taking into
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Figure 4. Scheme of the electric current.

account experimental uncertainties, this parabolic curve can
be correctly approximated at its two extremities by its
tangents. This result confirms the basic hypothesis of our
treatment that the powerP dissipated in the arc may be
approximated as a function of the arc lengthL by the curve
shown in figure 3. In particular, one assumes that during the
phase of increasing increasing length (0< L < L1), the
powerw per unit of plasma length stays constant

P = wL + P0 (1)

whereP0 is the power dissipated at electrodes.
The transition from increasing power to slightly

decreasing power, occurs atL = L1. This critical length
L1 is an important parameter, which has to be estimated. To
do this, we can take the intersection of the tangents of the
parabola (see figure 2 and scheme in figure 3).

Introducing the arc currenti and voltageUa, the power
source voltageUg and the electrode fall voltageU0 (P0 =
U0i), the voltageU effectively applied to the arc column is
(see figure 4)

U = Ua − U0 = wL

i
. (2)

3.2. Calculation of the arc current

Using Ohm’s law one can write (see figure 4)

Ug = ri +U0 +
wL

i
(3)

wherer is the internal resistance of the power supply, and

ri2 − (Ug − U0)i +wL = 0 (4)

with

i = (Ug − U0)±
√
(Ug − U0)2 − 4wLr

2r
. (5)

This expression is valid for [(Ug − U0)
2 − 4wLr] > 0,

this means for

L 6 L1 with L1 = (Ug − U0)
2

4rw
. (6)

Furthermore, the system is stable if a variation dUg of the
generator voltageUg corresponds to a current variation di
with the same sign. Since

di = 1

2r

(
1± 1√

1− L/L1

)
dUg (7)

Table 1. Values of electrical parameters.

L/L1 i/i1 U/U1 E/E1 P/P1 W/W1

0.00 2.00 0.00 0.50 0.00 0.0000
0.25 1.87 0.13 0.54 0.25 0.0625
0.50 1.71 0.29 0.59 0.50 0.2500
0.75 1.50 0.50 0.67 0.75 0.5625
1.00 1.00 1.00 1.00 1.00 1.0000

one must choose

i = (Ug − U0)

2r

(
1 +

√
1− L/L1

)
. (8)

Introducing the arc current valuei1 for L = L1, one may
write

i = i1
(
1 +

√
1− L/L1

)
(9)

with
i = i1 = Ug − U0

2r
for L = L1

di

dL
= i1

2L1

(
1√

1− L/L1

)
6 0 forL < L1.

(10)
The arc currenti decreases when arc lengthL increases
(table 1 and figure 5(a)).

3.3. Calculation of the arc voltage

The arc voltage is equal to (figure 4)

Ua = Ug − ri = (Ug +U0)− (Ug − U0)
√

1− L/L1

2
.

(11)
The voltageU applied to the arc column may be written in
the form

U = Ua − U0 = Ug − U0

2

(
1−

√
1− L/L1

)
. (12)

One may also write

U = U1

(
1−

√
1− L/L1

)
(13)

with
U = U1 = Ug − U0

2
for L = L1

dU

dL
= +

U1

2L1

(
1√

1− L/L1

)
> 0 forL < L1.

(14)
The variation of the voltageU as a function of the arc

lengthL is shown in figure 5(b) (see table 1). For the small
arc lengthL/L1� 1,U increases quasi-proportionally with
L, and faster whenL is close toL1.

3.4. Electric field strength in the arc column

The electric field strength in the arc column is an important
parameter for the working status of the Glidarc (hot quasi-
equilibrium plasma with high arc current, low voltage and
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(c)

Figure 5. Variations of the characteristics parameters of the arc column as a function of theL/L1 ratio. Experimental points: ,
Dg = 3 N m3 h−1; ◦,Dg = 8 N m3 h−1; error bars fixed to 10%. (a) i/i1 as a function ofL/L1. (b) U/U1 as a function ofL/L1. (c) E/E1

as a function ofL/L1. (d) P/P1 as a function ofL/L1. (e) W/W1 as a function ofL/L1.
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(d)

(e)

Figure 5. (Continued)

electric field around 1 kV m−1, or glow discharge regime
with electric field around 10 kV m−1). It is equal to

E = U

L
= Ug − U0

2L

(
1−

√
1− L/L1

)
. (15)

Introducing the electric field strength valueE1 for L = L1,
one may write

E = E1

(
1−√1− L/L1

L/L1

)
(16)

with

E = E1 = Ug − U0

2L1
= U1

L1

for L = L1

dE

dL
= E1

L1

[
(2− L/L1)− 2

√
1− L/L1

2(L/L1)2
√

1− L/L1

]
> 0

for L < L1.

(17)

Figure 6. Variations of the arc voltage and arc length as a function
of time;Dg = 3 N m3 h−1. , Arc lengthL; ◦, arc voltageUa ;
error bars fixed to 10%.

The electric field strengthE increases weakly with arc length
L and then faster whenL is close toL1 (see table 1 and
figure 5(c)).

895



S Pellerinet al

Table 2. Comparison of the calculated and measured values ofL1, U1, i1.

L1 (cm) U1 (V) i1 (A)
Dg w E U0

(N m3 h−1) (kW m−1) (kV m−1) (V) Calc. Meas. Calc. Meas. Calc. Meas.

3 7.4 8.02 359 23.1 21.1 2071 1617 0.83 1.15
±17% ±11% ±33% ±30% ±27% ±10% ±27% ±10% ±19%

8 21.8 14.33 645 6.8 11.0 1928 1582 0.77 1.33
±10% ±5% ±9% ±25% ±27% ±10% ±27% ±10% ±9%

3.5. Energy dissipated in the arc—mean power

If we reject the neighbourhood of the smallest electrode gap
(see section 2), experiments show that the arc length changes
quasi-proportionally with time (see figure 6). One may write
that at timest andt1 the arc length isL ≈ kt andL1 ≈ kt1
respectively. For arc lengthsL andL1 corresponding powers
are equal toP = wL andP1 = wL1, respectively. So one
may write (see figure 5(d))

P

P1
= L

L1
. (18)

Introducing dissipated energiesW andW1 corresponding to
timest andt1 respectively, one may write

dW = P dt

with
dt = t1

L1
dL⇒ dW = wL t1

L1
dL

⇒ W = wL2

2
· t1
L1

(19)

and

W = W1

(
L

L1

)2

⇒ W

W1
=
(
L

L1

)2

(20)

with

W1 = wL1t1

2
.

Then, the mean power can be written as

〈P 〉 = W1

t1
= wL1

2
. (21)

Variation of the dissipated energyW as a function of the
arc lengthL is shown in figure 5(e) (see also table 1).

3.6. Interpretation of results

After ignition, the power dissipated in the arc column is
proportional to its lengthL. The maximum of dissipated
power Pm is reached when the resistance of the plasma
column is equal to the internal resistance of the power supply,
i.e. for an arc length equal toL1.

Neglecting the voltage dropU0 on electrodes in
comparison with the voltageUg of the generator, one has
for

L = L1 =
U2
g

4wr


R = r
U = U1 = Ug/2
i = i1 = Ug/2r
P = Pm = wL1.

(22)

For tensionU applied to the plasma column higher thanU1

(U > U1), an increase in the plasma length cannot occur for a
constant dissipated power per unit length. Indeed, pushed by
the gas flow, the plasma column becomes longer, its resistance
R increases and becomes higher thanr (R > r). Electric
power dissipated in the whole column should decrease, caus-
ing a decrease ofw value. The arc temperature should also
decrease in order to keep an equilibrium between the power
dissipated by the Joule effect and power lost by the plasma.

Depending onUBr values, several types of Glidarc
functioning may occur:

(a) UBr 6 U1. The electric power increases proportionally
to the arc lengthL: P = wL. Extinction of the arc
takes place for the voltageU = UBr corresponding to the
lengthLBr, powerPBr and energyWBr, with LBr < L1,
UBr < U1, PBr < P1 andWBr < W1.

(b) UBr = U1. All the time P = wL. Extinction of the
arc takes place forU = UBr = U1, with LBr = L1,
PBr = P1 andWBr = W1.

(c) UBr > U1 and 06 U 6 U1. P = wL with w constant.

(d) UBr > U1 andU1 6 U 6 UBr. w decreases. Extinction
of the arc takes place forU = UBr (UBr > U1), with
LBr > L1, PBr < P1 andWBr > W1.

4. Comparison between model and experiment

The arc voltageU1, the currenti1 and powerP1 corresponding
to the characteristic lengthL1, are determined as a function
of Ug, U0, r andw from following relations

L1 = (Ug − U0)
2

4rw

U1 = Ug +U0

2
with Ug = 4500 V andr = 2500�

i1 = Ug − U0

2r
.

(23)
A comparison of calculatedL1, U1 and i1 values with
experimental results, for two gas flows, is shown in table 2.

Figure 5 shows some experimental points obtained for
two gas flow rates (Dg = 3 N m3 h−1 (open symbols) and
Dg = 8 N m3 h−1).

One may see that this simple model based on the
assumption that dissipated power per unit length of the
plasma column is constant in time allows us to describe
the electric proprieties of the Glidarc.
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5. Determination of the working electrical
parameters of a ‘Glidarc’

One may suppose that the voltageUBr of the arc extension
is reached when the dissipated powerP has its maximum
value. In such a case,Pmax= P1, UBr = U1, andLBr = L1.
Neglecting the voltage drop on electrodes one may write

UBr = U1 = Ug

2

LBr = L1 =
U2
g

4rw

〈P 〉 = wL1

2

imax= Ug

r
.

(24)

Combining these three equations one obtain an expression

8〈P 〉 = Ugimax. (25)

One may also establish a simple relation between the current
〈i〉 and mean power〈P 〉. Introducing

〈i〉 = 1

t1

∫ t1

0
i dt. (26)

knowing thatL ≈ kt , L1 ≈ kt1, using relations (9) and (10)
with U0� Ug, one obtains

〈i〉 = 5

6

Ug

r
(27a)

Ug〈i〉 = 20

3
〈P 〉. (27b)

The applied mean power〈P 〉 is usually determined by
energetic efficiency for a given depollution operation. In
general, one makes the mean current〈i〉 relatively small in
order to have a cold non-equilibrium discharge and to avoid
an arc regime. With known〈P 〉 and〈i〉 one may determine
the power supply voltageUg (equation (27b)) and its internal
resistancer (equation (27a)).

For instance, for〈P 〉 = 2 kW and〈i〉 = 2 A, one obtains
Ug = 6666 V andr = 2777�. The arc extension takes place

for UBr = U1 = Ug/2 = 3333 V. The distancede between
electrodes should be such that the breakdown voltage in air
equals 3333 V (de ≈ 0.65 mm in this case [10]).

6. Conclusions

One may see that the simple model described in this paper,
based on the assumption that dissipated power per unit length
of the plasma column is constant in time, permits us to
describe correctly the electric proprieties of the Glidarc. This
model may be used to determine characteristics of the power
supply (voltage, internal resistance) and distance between
electrodes, which determine the extension voltage of the arc.

References

[1] Chapelle J and Czernichowski A 1992Cahiers Français
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l’hydrogène sulfuŕeThèseOrléans

[4] Ranaivosoloarimanana A 1996 Caractérisationélectrique et
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