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Abstract. This paper is concerned with developing a capability to model free-burning high-intensity
argon arcs and enhancing the accuracy of numerical results according to three-dimensional calculations.
It was found that the computed temperatures along the axis between the cathode tip and the anode
surface show good agreement with two different measured data. Although the LTE model can reasonably
predict the overall arc voltage for free-burning arcs, it fails to account accurately what happens at the
regions near electrodes.
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1. Introduction
A free-burning arc where the work piece acts as an
anode is an idealized representative of the DC arcs
and has been used for industrial processes such as
cutting, welding, spraying, coating, material heating
and melting, lighting, current interruption and more
recently for waste disposal, production of fine parti-
cles and thermal plasma vapor deposition [1]. Because
a scientific understanding of the behavior of the arc
itself and its electrode regions is very important for
improving industrial applications, numerous theoreti-
cal and experimental papers have been published in
the last decade to understand the thermal behavior
of arcs and their electrodes [2]. Because the flow pat-
terns inside the free-burning arc system must be of the
3-dimensional feature, 2-dimensional modeling cannot
help in predicting the 3-dimensional flow and heat
transfer within the systems.
In the present work, we developed a three-

dimensional model of free-burning argon arcs with
a commercial computational fluid dynamics (CFD)
package, ANSYS-CFX, which has a flexibility to mod-
ify the governing equations for taking into account
radiation transport, electrical power input and the
electromagnetic driving forces. The comparison of the
arc temperatures with two different measured data is
used to judge the validation of the present computa-
tions.

2. Numerical Methods
Two different free-burning arc systems for compu-
tations are shown in Figure 1, where one is called
as HF model [3] and the other SF model [4]. For
the arc modeling involved complicated interactions
between the flow and electromagnetic fields, we modi-
fied the Navier-Stokes equations to take into account
the radiation transport, the electrical power input

(a) HF model

(b) SF model

Figure 1. Schematic diagram with boundary condition
of two different free-burning arc systems; (a)HF model;
(b) SF model

151



Won-Ho Lee, Jong-Chul Lee Plasma Physics and Technology

(a) HF model

(b) SF model

Figure 2. Comparison of temperature distributions in
the arc column for 200A by 3-D and 2-D computations;
(a)HF model; (b) SF model.

and the electromagnetic driving forces with the rel-
evant Maxwell equations. The stationary conserva-
tion equations can be written in the generalized form
suggested by Patankar as shown in [5, 6]. The ther-
modynamic and the transport properties, such as
density, enthalpy, constant-pressure specific heat, vis-
cosity, electrical and thermal conductivities, and opti-
cally thin radiation losses, required for this calculation
strongly depend on the temperature and the pressure.
The data adopted in this study have been taken from
[7].Radiation transport in high pressure arcs is an im-
portant energy transport mechanism. In the present
work, the net radiation loss in the energy equation is
computed using a semi-empirical radiation transport
model [8]. The radiation transport model requires the
use of net emission coefficients of argon, which are
given by Menart et al. [9].

3. Results and Discussion
Figure 2 shows the computed temperature distribu-
tions of two different free-burning arc systems, HF
model and SF model, to compare the results between
2-D and 3-D simulations. Each figure consists of two
results; 3-D computational result is in left-hand side
and 2-D computational result is in right-hand side
at the centerline. Both 2-D and 3-D results show
that the temperature near the cathode is higher than
that near the anode due to the arc constriction near
the cathode by the magnetic pinch effect. The ar-
gon entrained from the flow inlet is heated strongly

and accelerates rapidly, resulting in the formation of
the cathode jet. The temperature in the arc region
presents the typical bell shape of high-intensity arcs.
It is because the plasma jet approaches the anode,
the axial velocity decreases rapidly and turns the flow
direction toward the r-direction near the anode. It
can be seen that the computed temperature profiles
by 2-D and 3-D are in good agreement each other at
both HF and SF models. It can be also seen that
the temperature of HF model is higher than that of
SF model because the gap distance of HF model is

(a)1mm

(b) 3mm

(c) 4mm

Figure 3. Temperature profiles of HF model away from
the cathode;(a)1mm; (b)3mm; (c)4mml.
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(a) 0.625mm

(b) 1.25mm

(c) 1.875mm

Figure 4. Temperature profiles of SF model away from
the cathode;(a)0.625mm; (b)1.25mm; (c)1.875mml.

longer than that of SF model. We thus conclude that
our 3-D model produces satisfactory results for known
cases. Detailed comparisons between the calculated
and measured temperatures at different radial position
are given in Figs. 3 and 4. Figure 3 shows the radial
variation of the temperature of HF model at 1mm,
3mm, 4mm away from the cathode. The results show
reasonable agreement with those measured by Haddad
and Farmer [3]. The 3-D predicted arc temperature
on the axis is slightly lower than the measurement
near the cathode but still within the experimental

uncertainty. Figure 4 shows the radial variation of
the temperature of SF model at 0.65mm, 1.25mm,
1.875mm away from the cathode. As shown in Fig.
3 of HF model, the computed results of SF model
are also in agreement with those measured by [10].
At both HF and SF models, it can be seen that the
predicted temperature profiles by 3-D are in better
agreement with the measured data than 2-D. How-
ever, it fails to account accurately what happens at
the near electrode region, especially near the cathode.
An accurate solution near electrodes has to be based
on non-LTE model to ensure current continuation in
the low temperature region.

4. Conclusion
In this study, we have concerned with developing a
capability to model free-burning high-intensity argon
arcs and enhancing the accuracy of numerical results
according to three-dimensional calculations. It was
found that the predicted temperature profiles with
3-D are in better agreement with the measured data
than 2-D. However, it fails to account accurately what
happens at the near electrode region, especially near
the cathode.
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