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Volt-ampere characteristics of a nitrogen DC plasma arc
with anode melting∗
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The characteristics of a nitrogen arc using a graphite cathode and a melting anode in a pilot-scale plasma furnace
are investigated. The voltage is examined as a function of current and apparent plasma length. The voltage increases
non-linearly with the increase of apparent plasma length, with the current fixed. The experimental data so obtained are
compared with the predictions of the Bowman model for the electric arc, and with numerical simulations as well. The level
of agreement between the experimental data at the melting anode and the numerical predictions confirms the suitability
of the proposed the Bowman model. These characteristics are relevant to the engineering design and evaluation of a DC
plasma furnace and reactor for the treatment of hazardous fly ash waste.
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1. Introduction
The thermal plasma has many useful characteristics, such

as a high current, a high temperature, and intense radiation
power. Many previous studies have shown that the ther-
mal plasma is a promising technology for the vitrification
of hazardous fly ash from a solid waste incinerator (MSWI)
in an urban area.[1–3] It achieves detoxification and volume-
reduction. The higher temperatures and energy densities pos-
sible in plasma systems promote chemical reactions, allow
shorter residence time, and make large throughputs possible
in a pilot-scale furnace.

We focus on the DC nitrogen plasma arc, which is a kind
of stabilized plasma arc that is easily controlled. The prin-
cipal advantages that DC arc plasma offers to the treatment
processes are[1,2]

(i) reduced flicker,
(ii) improved arc stability,
(iii) stronger bath stirring action,
(iv) higher power inputs to the bath,
(v) reduced electrode consumptions,
(vi) reduced noise emission over equivalent AC

furnaces.[1]

The effects of introducing nitrogen through a hollow
graphite cathode have been studied.[1–3] Numerical simulation
and calculation of the plasma arc were rapidly developed in
order to test and verify experimental data in most previous
studies.[4–6] It is now generally accepted that this technique
improves arc stability (i.e., reduces fluctuations and noise) by
providing a homogeneous unreactive atmosphere for the arc,

and by establishing a low-resistance conducting path. The gas
flow also affects the spatial stability of the arc column to a cer-
tain degree and increases the transfer of energy to the melted
slag, which is connected as the anode. The increased stabil-
ity, reduced arc flare, improved power factor, increased heat-
ing rate, and reduced consumption of the refractories were re-
ported, compared with those of similar systems using other
solid electrodes.[7,8]

The arc volt-ampere characteristic (VAC) is an integral
indicator of the general behavior of all the arc parts, among
which the most important are the near-electrode layers and
positive column. It is usually assumed that a rising charac-
ter in VAC reflects a stabilized positive column, which indi-
cates the presence of some factors that restrict the widening
of the arc cross section with the increase of current, such as a
cooled wall, gas vortex, or longitudinal magnetic field. In this
case, the voltage dropping off along the stabilized part of arc
discharge increases with current increasing, which causes the
general arc voltage to rise. Both the anode and cathode near-
electrode layers should have similar influences. Of these fac-
tors, the least clear is the reaction of the anode spot in response
to changing current, because its mechanism is unknown.[9–11]

In the present paper, we investigate the influences of the
melting anode and various parameters such as the current, the
terminal voltage, and especially the plasma length, on the char-
acteristics of the plasma arc. In this report we describe the
experiments and numerical simulations that are carried out to
determine the basic characteristics of the DC arc operating in
the pilot-scale DC plasma melter developed at the Institute of
Plasma Physics, Chinese Academy of Science (ASIPP). These
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characteristics are valuable as a VAC process monitor or con-
trol variables and will provide valuable information for the en-
gineering design and evaluation of DC plasma furnace.

2. Pilot-scale DC arc systems utilizing graphite
electrodes
Figure 1 shows the process flow chart of the experimental

apparatus used in this paper for plasma vitrification. The sys-
tem consisted of a plasma furnace, an electrical power supply,
a slag gathering system, a metal gathering system, waste gas
pollution abatement devices, and an automatic control system.
Plasma gas was supplied through a hole along the axis of the
graphite cathode, and high-temperature plasma was generated

by the electric discharge as shown in Fig. 2. The energy of
the plasma was transferred to the anode of the furnace to melt
fly ash, which was fed into the vessel continuously. Both heat
and ultraviolet radiation from the arc can decompose dioxins
into small molecules. Once melted, the slag continuously es-
caped from the furnace, together with the hot waste gas as
shown in Fig. 3. At the same time, the metals sank to the
bottom of the furnace due to their specific gravity and were
discharged from the furnace periodically. The waste gas en-
tered into the pollution abatement devices to be scrubbed.[1]

It was reported that 48.44% of the total energy input was sup-
plied to the bath, and more than 59% of the total energy was
transported by convection.[7,12]
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Fig. 1. Flow chart of the plasma vitrification process.
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Fig. 2. (color online) Photo of DC arc and melting slag in experiment.

Major specifications of the experimental equipment that
generated the plasma arc employed in this study are as fol-
lows: The maximum rating specifications of the electric power
source are DC 160 V in voltage, 1500 A in current, and 240 V
in open-circuit voltage.

The electrical power supply was a continuously ad-
justable stabilized power supply with a maximum DC output
of up to 240 V/1500 A as shown in Fig. 4. The power sup-
ply enabled the arc current to be controlled in a wide range,
and the thyristor-based system could adjust and set the max-
imum open-circuit voltage at four intermediate settings while
still maintaining an output current up to 1500 A. This capabil-

ity did match the power supply to the fly ash melting furnace.
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Fig. 3. Schematic diagram of vitrification furnace.
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Fig. 4. (color online) DC power supply.

3. Experimental determination
3.1. Operation

Experimental conditions are shown in Table 1. The heat-
ing rates of fly ash were controlled to about 10 K/min. The
molten slag was kept above 1700 K for 10 min. Operating
procedures were used to maintain the operating temperature
by controlling the DC plasma power.[2–5]

Table 1. Specifications of pilot plant.

Item Specification
Melting furnace type graphite-electrode plasma melting furnace
Plasma gas nitrogen
Plasma gas velocity 2 m/s
Electric power 100 kW (100 V×1000 A)
Fly ash throughput 100 kg/h (0.0278 kg/s) rated capacity

Pure nitrogen was employed as both the plasma gas and
the shielding gas. The chamber was evacuated and back-filled
with nitrogen to a pressure of −100 Pa (gauge pressure).[1]

Plasma gas flow rate was fixed at 140 scfh (12 L/min), and the
comparison and simulation showed that this value increased
stability and improved the heating rate.

3.2. Measurement

After 10-day steady operating, on the pilot plant furnace,
tests were carried out to investigate the variations of arc volt-
age with arc length at various constant levels of arc current in
a current range of 100 A∼700 A, and with the electrode at var-
ious known heights above the surface of the melted slag. The
test may be performed with feed off, and shows the behav-
ior of the voltage drop in the electric arc as a function of its
length. A voltmeter was used to measure the voltage between
the cathode and anode in the system. The length of the DC
free arc established was measured from a scale attached to the

vertical cathode drive system. Typical accuracy for measure-
ment of the electrode position is on the order of 1 mm∼2 mm,
so the source of error is negligible.[6]

Throughout the tests the electrode attachments, or arc
roots, moved over the surface of the anode/melted slag, and
around the periphery of the hollow cathode irregularly. The
bore of the hollow 100-mm diameter graphite cathodes used
was 10 mm. The arc root motion was probably related to
the electron emission characteristics of the cathode surface,
arc gas convection, seething slag, and electromagnetic effects,
accompanied with erosion of the tip of the cathodes. It was
observed that arc stability tended to increase with arc current
increasing, and decrease with arc length increasing. When the
higher open-circuit voltages up to 150-V DC was used in the
plasma melting furnace, longer arcs could be maintained at the
higher current.[8,13]

The free-arc voltage/current characteristics at constant arc
length were determined from the experimental results and are
shown in Fig. 5 (for currents greater than 700 A, the frequently
changing flaring arc length endangered the power supply in
our pilot-scale melter).
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Fig. 5. (color online) Variations of arc voltage (V ) with current and
electrode separation/arc length (L) for DC free arcs.
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4. Numerical simulation
4.1. Bowman model

The steady-state electrical behavior of the DC arc has
been well described previously (Bowman et al., 1969; Bow-
man, 1994),[14,15] effectively summarizing a large quantity of
data from DC electrical arcs in a range of 1 kA∼10 kA. This
work provides a description of how the arc voltage varies with
arc length and current. The model uses the measured and ex-
trapolated arc shapes to fit the calculated plasma conductiv-
ities and estimated temperature profiles. The high-intensity
plasma arc has been modeled by Bowman to emanate from a
relatively small attachment area on the graphite cathode, and
extends down to the surface of the molten bath.

The assumptions include an axisymmetric arc and no in-
teraction effects on the anode. The equation, which stems from
a large quantity of data in a 1 kA∼10 kA range, is described
as follows. Under the assumption of a parabolic distribution
of electrical conductivity along the arc radius, the arc shape
function allows the arc voltage to be obtained by integration.
Several empirical Bowman’s constants, together with a single
variable parameter and the average arc resistivity, appear in
the arc voltage expression. Variation of the arc resistivity then
allows the model to fit the pilot or industrial plant data.

The final result of this model is an expression relating the
voltage of the arc to its length and current. This is shown in
Eq. (1), which shows arc voltage as a function of arc length
for a range of different currents at a given nitrogen plasma re-
sistivity of ρa = 0.233 Ω·m.[16]

Va =
Iρa

mπ

[
− 1

a2 +ab
+

1
a2 +ab.exp(mLa)

+
ln(a+b)

a2 +
mLa

a2 − ln[a+b.exp(mLa)]

a2

]
, (1)

where

a = 3.2rk, (1a)

b =−2.2rk, (1b)

m =
−1
5rk

, (1c)

rk =

√
I

π jk
. (1d)

In Eq. (1), Va is the arc voltage (V), I the current (A),
La the arc length (mm); ρa the average arc resistivity through
the conducting section of the arc column (Ω ·m); rk the ra-
dius of the arc at the cathode surface (mm), which is deter-
mined by the value of the cathode-spot current density jk, here
jk = 3.5× 107 A/m2, which is estimated by Bowman equa-
tion (1), was used to produce expected values of arc voltage

as a function of arc length and current for our furnace. The

curves are shown in Fig. 6. The value used for the arc resis-

tivity was that which gave theoretical curves that most closely

resemble the experimental data.
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Fig. 6. (color online) Variations of arc voltage with current and arc
length according to the Bowman model, for a given arc resistivity of
ρa = 0.233 Ω·m.

The level of agreement achieved between the experimen-

tal data (as shown in Fig. 5) and the numerical prediction con-

firms the suitability of the Bowman model for describing the

conditions in our furnace.

4.2. Numerical study of a free-burning nitrogen arc with
melted fly ash anode

The cathode, arc plasma, and melting fly ash anode are

described using a frame of cylindrical coordinates with axial

symmetry around the arc axis. As shown in Fig. 7, the cal-

culation domain was a cylinder of length 450 mm and radius

200 mm. The cathode had a cylindrical shape with a conical

tip facing the plasma. The cathode length was 210 mm and its

radius was 50 mm. The conical tip of the cathode had an in-

cluded angle of 30 degrees and a flat tip of radius 10 mm. The

anode was a melting slag of radius 200 mm, separated from

the cathode by inter-electrode gaps of 80, 120, 160, 200, and

240 mm respectively.

4.2.1. Assumptions

i) The flow is assumed to be laminar, the electron and

heavy particle temperatures are assumed to be equal (lo-

cal thermodynamic equilibrium), and the effects of the non-

collisional space-charge zone in front of both electrodes are

neglected.

ii) An optically thin assumption is used, whereby light

absorption is neglected. This assumption corresponds to a

plasma temperature lower than 2×104 K.

iii) The current density at the cathode is assumed to be
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constant and with an average value of 3.5×107 A/m2 based on

experimental information;
iv) The physical properties of the material, such as elec-

trical conductivity, thermal conductivity, density, specific heat,

enthalpy, and viscosity depend only on temperature.
v) The anode surface is considered to be flat, unperturbed

by the arc pressure.[8,10]

vi) Chemical reactions in the molten pool are neglected.
vii) No vapor from the cathode or anode material is

present.

4.2.2. Governing equations

The general mathematical formulation of this model can

be found elsewhere.[6–12] Here, only a brief summary of the

mathematical formulation is presented together with the dis-

cussion of some improvements on the model given by other

authors. The governing equations and numerical method were

extended from the model of Tanaka[17] and Sansonnens et

al.,[18] to include convective effects of the molten fly ash an-

ode. The mass continuity equation is

1
r

∂

∂ r
(rρvr)+

∂

∂ z
(ρvz) = 0, (2)

where ρ , vz, and vr are the density, the axial, and radial veloc-

ities, respectively.
The radial momentum conservation equation is

1
r

∂

∂ r
(ρrv2

r )+
∂

∂ z
(ρvrvz)

= −∂P
∂ r

+
1
r

∂

∂ r

(
2rµ

∂vr

∂ r

)
+

∂

∂ z

(
µ

∂vr

∂ z
+µ

∂vz

∂ r

)
−2µ

vr

r2 − jzBθ . (3)

The axial momentum conservation equation is

1
r

∂

∂ r
(ρrvrvz)+

∂

∂ z
(ρv2

z )

= −∂P
∂ z

+
∂

∂ z

(
2µ

∂vz

∂ z

)
+

1
r

∂

∂ r

(
rµ

∂vr

∂ z
+ rµ

∂vz

∂ r

)
+ρg+ jrBθ , (4)

where P, µ , jr, jz, g, and Bθ are the pressure, the viscosity, the

radial, the axial current density, the acceleration due to gravity,

and the self-magnetic field, respectively.
The Maxwell equation is

Bθ =
µ0

r

∫ r

0
jxξ dξ . (5a)

Since jz � jr, the self-induced magnetic field Bθ may be

written as

1
r

∂

∂ r
(rBθ ) = µ0 jz. (5b)

Since

Bθ =
∂Ar

∂ z
− ∂Az

∂ r
,

the above equation may be written as

∂ 2Az

∂ z2 +
1
r

∂

∂ r

(
r

∂Az

∂ r

)
+µ0 jz = 0, (5c)

∂ 2Ar

∂ z2 +
1
r

∂

∂ r

(
r

∂Ar

∂ r

)
− Ar

r2 +µ0 jr = 0, (5d)

where µ0 is the permeability of vacuum, Az and Ar are the axial

and radial magnetic vector potential.

Current continuity requires that

∂ jz
∂ z

+
1
r

∂

∂ r
(r jr) = 0. (6a)

Since

j = σ(−∇φ),

the above equation may be written as

∂

∂ z

(
σ

∂φ

∂ z

)
+

1
r

(
σr

∂φ

∂ r

)
= 0, (6b)

where σ is the electrical conductivity and φ is the electrical

potential.

The energy equation is

∂ (ρCpvzT )
∂ z

+
∂ (ρCprvrT )

r∂ r

=
∂

∂ z

(
k

∂T
∂ z

)
+

1
r

∂

∂ r

(
kr

∂T
∂ r

)
−SR

+
j2
z + j2

r

σ
+

5
2

kB

e

(
jz

∂T
∂ z

+ jr
∂T
∂ r

)
, (7)

where k is the thermal conductivity, Cp the specific heat, and

SR the radiation emission coefficient.

The governing equations of the anode (melting fly ash)

region is normal computational fluid dynamics CFD model,

which is not the emphasis and whose description requires sev-

eral pages, so we just give the plasma governing equation.

4.2.3. Physical properties, boundary conditions, and
numerical method

The shielding gas and working gas of the free-burning
arc are assumed to be pure nitrogen. The shielding gas is in-
troduced at a constant flow rate of 12 L/min from the outside
of the cathode at the upper boundary. The working gas at a
flow rate of 6 L/min is additionally introduced through the hole
of the hollow cathode. Specifications and working conditions
of the pilot plant are shown in Table 1. The required input
parameters are the physical properties of nitrogen plasma,[16]

graphite cathode, and melting fly ash[17] as shown in Table 2.
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Table 2. Major physical properties of cathode, arc plasma, and anode.[16,17]

No. Item Physical properties
1 cathode thermal conductivity 139 W/m·K∼163 W/m·K

(graphite) electrical conductivity 105 A/V·m∼1.6×105 A/V·m
specific heat 709 J/kg·K
density 1600 kg/m3

2 arc plasma ionization potential 15.6 eV
(nitrogen) thermal conductivity 0.026 W/m·K∼6.347 W/m·K

electrical conductivity 0∼13391 A/V·m
specific heat 104 J/kg·K∼2.3×104 J/kg·K
density 0.0013 kg/m3∼0.8439 kg/m3

viscosity 1.756×10−5 kg/m·s∼2.427×10−4 kg/m·s
3 anode melting point 1523 K

(melted fly ash) thermal conductivity 0.14 W/m·K∼2.8 W/m·K
electrical conductivity 737312 A/V·m∼813579 A/V·m
specific heat 1008 J/kg·K
density 2800 kg/m3

viscosity 0.0003 kg/m·s∼2.77 kg/m·s

Table 3. Boundary conditions.

Boundary T /K φ /V vz/m·s−1 vr/m·s−1 Az Ar

A–B (gas inflow) 500 ∂φ/∂ z = 0 inflow 0 ∂Az/∂ z = 0 ∂Ar/∂ z = 0

B–C–D (cathode top) 3500 – 0 0 ∂Az/∂ z = 0 ∂Ar/∂ z = 0

D–E (cathode wall) 1000 ∂φ/∂ z = 0 0 0 ∂Az/∂ r = 0 ∂Ar/∂ r = 0

E–F (gas inflow) 500 ∂φ/∂ z = 0 inflow 0 ∂Az/∂ z = 0 ∂Ar/∂ z = 0

F–G–H (wall) 1600 ∂φ/∂ z = 0 0 0 ∂Az/∂ z = 0 ∂Ar/∂ z = 0

H–I (outflow) 1800 (1/r)(∂ rφ/∂ r) = 0 0 (1/r)(∂ rρvr/∂ r) = 0 ∂Az/∂ r = 0 ∂Ar/∂ r = 0

I–J (anode surface) coupled coupled 0 0 coupled coupled

I–L (wall) 1700 (1/r)(∂ rφ/∂ r) = 0 0 0 ∂Az/∂ z = 0 ∂Ar/∂ z = 0

L–K (anode bottom) 1700 0 0 0 ∂Az/∂ z = 0 ∂Ar/∂ z = 0

K–J–A (axis) ∂T/∂ r = 0 ∂φ/∂ z = 0 ∂vz/∂ r = 0 0 ∂Az/∂ r = 0 ∂Ar/∂ r = 0
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Fig. 7. Schematic illustration of the simulation domain.

The boundary conditions are presented in Table 3. The
calculation domain includes the plasma region and the anode
(melting fly ash) region, according to the actual requirements
of the calculation. Although the solid cathode region is not in-
cluded in the calculation domain, its boundary conditions are
considered during simulation as shown in Table 3. In particu-
lar, the anode surface I–J is set as the couple boundary condi-
tion in the user defined function (UDF) of FLUENT, which
means that the data of the plasma region and anode region
could be exchanged through the couple boundary condition
until convergence.

We assume that the differential equations (2)–(7) are
solved iteratively by the SIMPLEC numerical procedure for
the whole region of arc melting process as shown in Fig. 7. All
governing equations, subject to their corresponding boundary
conditions, are cast and solved simultaneously using the com-
mercial CFD code FLUENT.

The output can include two-dimensional distributions of
temperature, velocity, electric potential, current density, pres-
sure, and magnetic field. Here only the distribution of elec-
tric potential is discussed, and the other arc characteristics
are investigated beyond the scope of this paper. Figures 8
and 9 show the distributions of electric potential for the inter-
electrode gaps of 80, 120, 160, 200, and 240 mm, and currents
of 100 A and 700 A respectively.
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5. Discussion
In Figs. 5 and 6, the differences between the measured

and the computed arc voltage values are rather constant,
in considering the measurement uncertainty (±10 V) in the
100 A∼200 A current range. In experiments, the flow of
plasma gas through the hollow cathodes stabilizes the arcs and
imparts a degree of stiffness to the arc columns. But the an-
ode is melting slag, which is boiling, unstable, and causes arc
drifting and flaring. The arc is therefore extremely mobile,
with rapid oscillations around its axis and the consequent volt-
age fluctuations that affect the measurements. We estimate
that the error of experimental measurement should be within
±10%. But after many repeated experiments, the trend indi-
cates the effective electrical characteristics of the arc in the
furnace.

Increasing the distance between the electrodes leads to
higher voltages due to the increased resistance of the arc. In
particular, Bowman model predicts an increase in arc voltage,
owing to higher current flow and a larger electrode gap. From
Fig. 6, the voltage increases by about 6 V∼12 V for every
10 mm increase in the arc length. This value is in agreement
with the experimental results in Fig. 5. The longer (240-mm
length) arc also shows a rising voltage–current characteristic
that is a typical of high intensity arcs. It is generally observed
in Fig. 6 that the effect of a given parameter on voltage seems
to be rather independent of the other values, i.e., no particular
interaction appears between the factors.

From Fig. 6, the arc voltage/length characteristics of arcs
exhibit a linear relationship between the arc voltage and arc
length, which is more obvious at a long arc length. The be-
havior of a very short, root-dominated arc is nonlinear, ow-
ing to the absence of any fully developed arc column or equi-
librium plasma region, the effects of electrons, ions, etc.[8]

In theory, the characteristics are almost identical, irrespec-
tive of the current (Fig. 5) at currents up to around 700-A
DC and arc lengths, or electrode separations, up to approx-
imately 220 mm. But the arc voltage increases the plasma
length because the convection heat loss increases in propor-
tion to the apparent plasma length, and the pinch effect causes
self-constriction of the arc, thereby increasing its resistance,
especially at increasing currents, the elongation of the arc col-
umn due to the influence of electromagnetic and convective
forces, and rotational movement of the attachment points over
the surfaces of the electrodes. Especially, for the arc during
melting, the flue gas flow will make the arc column unstable
and moving, which is inevitable during melting fly ash. Pre-
vious research indicated that the arc column voltage gradient
was lowest, generally, at a given value of current, when arcing
was onto a melting anode.[8]

The slopes of the arc voltage/length characteristics rep-
resent the mean electric field strength, or voltage gradient,

within the arc columns. As shown in Table 4, the slope val-
ues in Fig. 5 vary from 0.45 V·mm−1 to 3.14 V·mm−1. The
range of values is in close agreement with the 0.61 V·mm−1

to 2.85 V mm−1 reported in the result of Bowman model as
shown in Fig. 6. Higher arc column voltage gradients are ob-
served with molten fly ash anodes at 700 A. This anomalous
behavior may be due to the more pronounced wander of the
anode root over the surface of a melting anode and the influ-
ence of the crucible walls, since this result corresponds to the
highest current used in the 100-kg furnace.[3]

Table 4. Slopes of the arc voltage/length characteristics of Figs. 5 and 6.

Line Current/A Slope/V·mm−1 in Fig. 5 Slope/V·mm−1 in Fig. 6
A 100 0.64 to 2.56 0.61 to 1.75
B 200 0.69 to 2.03 0.63 to 2.10
C 300 0.49 to 1.18 0.65 to 2.33
D 400 0.45 to 1.65 0.67 to 2.50
E 500 0.96 to 2.31 0.68 to 2.64
F 600 0.99 to 2.35 0.69 to 2.75
G 700 1.4 to 3.14 0.70 to 2.85

Table 5. Arc voltage (V ) together with current and electrode separa-
tion/arc length (L) of Figs. 8 and 9.

Current/A
Arc voltage (V) with electrode separation/arc length (mm)
80 mm 120 mm 160 mm 200 mm 240 mm

100 60 80 100 120 160
700 100 120 140 180 200

Voltage, or known as electrical potential difference or
electric tension is the difference in electric potential between
two points, or the difference in electric potential energy per
unit charge between two points. Figures 8 and 9 show the dis-
tributions of electric potential for inter-electrode gaps of 80,
120, 160, 200, and 240 mm, and currents of 100 A and 700 A
respectively. From the distributions of electric potential, we
can calculate the voltage between the cathode and anode, as
shown in Table 5. By comparing Table 5 with Fig. 5, the
voltages of numerical simulation are slightly higher than the
experimental data, but the distribution trends of the voltages
are almost the same. The difference between simulated and
experimental data may be due to the fact that the measuring
points of electric potential are at the outer ends of electrodes,
not the discharging ends. So the voltages of experimental mea-
surement include electrode voltage drop and electrode sheath
drop.

Thus, the assumption that arc length is equal to the elec-
trode separation is valid in the case of the DC free arc. The
voltage/current characteristics for the free DC arc changes
from negative to positive dynamic resistance at currents above
approximately 250 A such that the increasing of current leads
to an increased arc voltage. A contributing factor to this may
increase in voltage due to the increase in arc length caused by
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movement and spatial distortion of the arc column at higher
currents under the influence of gas dynamic and electromag-
netic forces.

6. Conclusions
The role of pilot-scale DC arc plasma systems in the re-

search and development of a waste treating process is clear and
vital. In this paper, we present the results of an experimental
and numerical study on free DC arc characteristics in nitrogen.

The main conclusions are as follows.
(I) The voltage is examined as a function of current and

apparent plasma length. The voltage increases non-linearly
with the increase of the apparent plasma length with current
fixed.

(II) The voltage gradient, V/L, remains almost constant
irrespective of the apparent plasma length in the Bowman
model results for L > 50 mm. However, the voltage gradient is
higher for the experimental results. This anomalous behavior
may be due to the more pronounced wander of the anode root
over the surface of a melting anode and the influence of the
crucible walls.

(III) The voltage/current characteristics for the free DC
arc changes from negative to positive dynamic resistance at
currents above approximately 250 A such that the increasing
of the current leads to an increased arc voltage.

(IV) From the simulated distributions of electric potential,
we can calculate the voltage between the cathode and anode.
The simulated voltages are higher than the experimental data.
This result may be due to the fact that the measuring points
of electric potential are at the outer ends of electrodes, not the
discharging ends.

The results of this study on the characteristics of electric
arcs operating in the pilot-scale DC plasma arc systems pro-
vide an empirical and theoretical basis for the design and de-
velopment of larger systems in which the evaluation of plasma
heating processes can be continued. A demo-scale plasma fur-
nace of up to 1-MW power has been planned and designed in
ASIPP.
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