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Numerical Study of High-Intensity Free-Burning Arc

James Menart* and Lanchao Lint
Wright State University, Dayton, Ohio 45435

The behavior of a free-burning argon arc including the cathode region is investigated from a theoretical
perspective. Two-dimensional differential equations describing the conservation of mass, momentum, en-
ergy, and electrical current density are solved together with Ohm’s law and Maxwell’s equation for the
magnetic field in a cylindrical coordinate system using an iterative finite volume method. Recent data of
the radiative losses from an argon plasma in the form of net emission coefficients are used. Simulations
are made at various electrical currents for different electrode gaps. Predicted isotherms of the arc are in
fair agreement with existing experimental results. Particularly, reasonable profiles of current density at
a plane beneath the cathode tip are predicted, even though nonequilibrium behavior in the cathode sheath
is neglected. Comparisons of the present current density profile with reported results are made. In ad-
dition, the effect of the length scale required in the use of net emission coefficients to model the radiative

characteristics of the arc is studied.

Nomenclature
B, = self-induced magnetic field, V s m™>
C, = specific heat at constant pressure, J kg™' K™
d = electrode gap, m
e = elementary charge, 1.6 X 107 A's
h = enthalpy of gas mixture, J kg™
j = total current density, A m~*
j. = radial current density, A m™
j. = axial current density, A m™>
k = thermal conductivity, W m™' K™
ks = Boltzmann constant, 1.38 X 1072 J K™
L = length scale, m
p = pressure, N-m™>
r = radial coordinate, m
T = temperature, K
u = axial velocity, m s
v = radial velocity, m s
z = axial coordinate, m
ey = net emission coefficient, W m™> sr™*
# = dynamic viscosity, N s m™>
o = permeability of a vacuum, 1.26 X 10°°* H m™
p = mass density, kg m™>
o = electric conductivity, ™' m™*
¢ = electric potential, V
Subscripts
b = boiling point
exp = experiment
m = melting point

Introduction

EVERAL numerical simulations have been conducted for

the argon high-intensity, free-burning arc. Ushio and Mat-
suda' established a two-dimensional model of the plasma arc
in which the current density field is derived from existing ex-
perimental data and the radiative energy transfer is negligible.
The solution of the mathematical model depends on experi-
mental data. The two-dimensional model of Hsu et al.? is based
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on a set of conservation equations for mass, momentum, en-
ergy, and current. Solutions of the conservation equations are
presented for the arc region, excluding the cathode. An ex-
ponential distribution of the current density over a plane at the
cathode tip is postulated as a current density boundary con-
dition. Cao et al.’ performed calculations similar to Hsu et al.
for a higher current and longer arc. Kovitya and Lowke* also
solved the two-dimensional conservation equations, but used
a constant current density profile over a plane at the cathode
tip instead of the exponential distribution used by Hsu et al.?
and Cao et al.’ In addition to the numerical simulations for
pure argon arcs, simulations including the effect of metallic
vapor in the free-burning argon arc have been reported.>® Be-
cause of the presence of a metallic vapor, the electrical con-
ductivity, thermal conductivity, and radiant emission in the
lower temperature regions of the arc are increased. The models
proposed in Refs. 5 and 6 use the same exponential profile of
input current density at the cathode tip as proposed by Hsu et
al.” and do not include the cathode in their calculation domain.

In contrast to the investigations mentioned in the preceding
text, the model being used in this work calculates the current
density profile at the cathode tip, as opposed to having this
quantity be an input to the analysis. The appropriate place to
enter the boundary current density is at a location removed
from the tip, where the cathode cross section is constant. At
this location the current density is uniform at a value of the
total current divided by the cross-sectional area of the cathode.
This is similar to the manner in which Lowke et al.” handles
the cathode current density profile. However, unlike Lowke et
al., the model being used here calculates the temperature pro-
files in the cathode as well. This eliminates the need to resort
to any experimentally measured values in the cathode region.
Lowke et al. obtained their cathode temperature profiles from
experimental measurements.

To calculate the current density profiles at the cathode tip in
a simple manner, it is assumed that the nonequilibrium cathode
sheath region can be neglected. It is possible to include the
sheath region details in these types of calculations as was done
by Zhu et al.® for a free-burning arc and by Durgapal® for a
high current arcjet. The difficulty in doing this is the great
increases in computational effort required. )

As stated by other investigators,”” and by the results ob-
tained from this work, the shape of the cathode tip has a great
influence on the current density profile at this location. In ad-
dition, the shape of the cathode tip influences the arc column.
These influences tend to become weak at locations far removed
from the cathode, but for shorter arcs, like those considered
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here, the shape of the current density profile at the cathode tip
is very important. For this reason it is advantageous to have a
method of determining the current density profile at the cath-
ode tip. It is also advantageous to have a simple method be-
cause there are a number of other complexities that can be
added to an analysis such as this, for example, the effects of
a metal vapor in the arc. One complexity that the present au-
thors are planning to add to this analysis is a theoretically
rigorous radiative transport calculation.'® Because of the ex-
cessively long computational time involved in such radiative
transport calculations, the nonequilibrium sheath cannot be
studied at the same time. This work verifies that reasonable
results are obtained when the cathode sheath is neglected.

Another thing different in this analysis, as compared with
many that have been done before, is that no outflow boundary
condition is used. The velocity at the boundaries is taken to
be zero and the boundaries are taken far enough away from
the arc so that they do not influence the arc flowfield. By doing
this, a numerical solution that converges more quickly is ob-
tained.

A number of results are presented in this paper. Temperature,
velocity, electrical potential, and axial current density fields for
the entire arc are displayed graphically. The current density
profile at the cathode, as calculated from this work, is com-
pared with that used by Hsu et al. and that calculated by
Lowke et al.” and Zhu et al.® Arc lengths of 5, 10, and 20 mm
are studied. For the most part, all results are for a total arc
current of 200 A, except for one graph of the temperature
profile for a 300-A arc. All data are for an arc burning in a
pure argon environment at 1 atm. A study of the effect of the
length scale upon which the net emission coefficient is based
is also made. This is done by looking at the arc centerline
temperatures.

Steady-State Modeling

The argon arc configuration studied in this work, as well as
the calculation domain, is shown in Fig. 1. The free-burning
arc is generated between a tungsten cathode with a truncated
60-deg conical tip and a planar anode. The truncated portion
of the cathode has a radius of 0.1 mm. The axisymmetric co-
ordinate system and the dimensions of the calculation domain
are given in Fig. 1. The electrode gap, d, is varied to investi-
gate its influence on the arc characteristics.

It is assumed that the arc is in local thermodynamic equilib-
rium at all locations, and all thermodynamic and transport
properties used are based on this assumption. All property val-
ues are taken from the work of Boulos et al.,' except for the
net emission coefficients that come from the work of Menart
et al.”” Thermodynamic properties were determined from de-
tailed statistical thermodynamic calculations, whereas the
transport properties were determined using Sonine’s polyno-
mial expansion of the first-order Chapman—Enskog approxi-
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Fig. 1 Arc configuration and calculation domain.
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Fig. 2 Net emission coefficients for a pure argon plasma for the
wavelength range of 0.03-25 um.

mation of the Boltzmann equation.'>"* Property variations with
temperature are accounted for, whereas variations because of
pressure are not. Many investigators show that the pressure
varies by less than 2%.>” In addition to temperature, net emis-
sion coefficients are also a function of some appropriately cho-
sen length scale (Fig. 2). Menart’s'® work suggests that an
appropriate length scale, L, for 200-A, 10-mm-long free-burn-
ing argon arc lies in the range from 1 to 2 mm. For regions
very close to the cathode, a shorter length scale should be used.
In all of this work, except the net emission coefficient length
scale survey, a length scale of L = 2 mm is used. The net
emission coefficient data of Menart et al.'”” were determined
from a detailed calculation including both line and continuum
radiation for neutral argon and its first two ions. Radiant en-
ergy from the entire thermal spectrum is included.

Governing Equations

The two-dimensional conservation equations used to model
the arc, assuming laminar flow, are expressed as follows:
Mass conservation:
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The current density components j, and j, are given by Ohm’s
law

o g 99
f=mogn = o ®)

where the induced magnetic field effects have been neglected
as well as the electron pressure gradient terms.'™® Neglection
of these terms is often done in arcjet calculations too."”” With
these expressions and current continuity, the potential equation
can be written as follows:

o ( ag\ . 10 ( 3¢\ _
a—z (Ua—z> + T (O'r 6r> =0 (6)

The self-induced magnetic field, By, involved in Egs. (2) and
(3), is obtained using Maxwell’s equation:

r

B, = sz d¢ )

These coupled differential equations, Egs. (1-4) and (6), are
simultaneously solved to obtain the field variables u, v, p, T,
and ¢.

Boundary Conditions

As shown in Fig. 1, the closed boundaries for the calculation
domain refer to SB, BC, EC, FE, and SF, and the correspond-
ing boundary conditions are given in Table 1. At the centerline
SB symmetry conditions are used. At the boundary BC the no-
slip condition for the velocity is appropriate, the electrical po-
tential is set to zero, and an enthalpy profile A.,, corresponding
to the experimentally measured temperatures of Menart' is
utilized. The no-slip condition for the velocity is also used at
the upper boundary (SE) and the outer boundary of the cyl-
inder (EC). This boundary condition is reasonable for a com-
putational domain that is sufficiently large in its outer radius
and height. This treatment implies that a flow of counterclock-
wise circulation is occurring within the calculation domain.
This corresponds to physical reality in that some type of re-
circulation pattern needs to be established in a confined space
with fluid motion. Temperatures are assumed to be 500 K at
FE and EC. Conceivably, no electric current crosses the bound-
aries at FE and EC because of the low temperatures and, thus,
low electrical conductivities. This means that d¢p/9z = 0 and
d¢/or = 0 at these locations, respectively. At the upper bound-
ary of the cathode (SF), the temperature is assumed to be 1000
K and a uniform current density j,, defined by the input current
divided by the cross-sectional area of the cathode, is the ap-
propriate boundary condition for the potential equation.

Electrode-Arc Interface Treatment

Zhu et al.® reported that the cathode sheath is very thin and
its influence on the temperature fields in the arc and on the
cathode surface is small. This is important because it is the
temperatures of the cathode surface and the plasma adjacent
to the cathode that have a profound effect on the calculated
current density distribution at the cathode tip. This is one of
the reasons why the nonequilibrium cathode sheath region can
be ignored in the calculation of the current density profiles and
reasonable results obtained. Physically, the current density pro-

file at the cathode is affected by the sheath region, even though
it is very thin. However, the prominent feature that determines
how it develops in the sheath is the temperatures on the cath-
ode side of the sheath and the arc side of the sheath. These
sheath boundary conditions have a strong influence on the
shape of the current density profile that develops. This is so
because the sheath is very thin and can be treated as being one
dimensional.® Of course, to obtain highly precise distributions
of the current density at the cathode, it is necessary to do a
nonequilibrium analysis of the sheath. The price paid for this
small increase in accuracy is greater computational time and
increased complexity.

In this work, the sheath regions at both the cathode and
anode are ignored. At the interface of the cathode and the arc,
the harmonic mean of the transport properties is used. This
treatment keeps the heat flux and current flux from the arc to
the cathode relatively independent of grid size close to the
interface. To avoid analyzing a sheath effect in the arc adjacent
to the anode, it is assumed that the electrical conductivity
maintains a constant value at this boundary, i.e., (30/92),-0 =
0. This is required to allow current to flow from the arc to the
anode. If the electrical conductivity were allowed to follow the
equilibrium values, the arc would not sustain itself. Having
said this, it is believed that the actual shape of the current
density profile at the anode can be determined from the shape
of the current density profile just above the sheath. This is
reasonable as long as the sheath region can be assumed to be
one dimensional. Jenista,'® who did a nonequilibrium analysis
of the anode sheath, shows this to be the case for the current
profiles within 0.5 mm of the anode.

Numerical Treatment

The governing equations (1-4) and (6), subject to the pre-
scribed boundary conditions (see Table 1), are solved using
Patankar’s SIMPLER algorithm,"” which is based on an iter-
ative finite volume method. Arc material properties are eval-
uated at each grid point through the linear interpolation of
tabulated material property data as a function of temperature.
To avoid divergence of the calculation, the source term in the
energy equation, Eq. (4), is linearized in a manner recom-
mended by Patankar."”

Nonuniform grids of 58 X 82, 76 X 82, and 113 X 82 for
the cases of d = 5, 10, and 20 mm, respectively, are used.
Finer meshes are made in the regions close to the symmetry
line, the cathode, and the anode. Because arc performance is
sensitive to the cathode spot size,” the radius of the truncated
portion of the cathode tip is determined from the experimental
measurements of Zhou et al.'"® The cathode spot size derived
from telemicroscopic observations indicates that the size of a
cathode spot on a tungsten cathode can be approximated as a
flat disk with a radius ranging from 0.1 to 0.14 mm. In this
analysis, the grid size at the cathode tip is set to be 0.08 X
0.1 mm (Az X Ar).

An appropriate use of relaxation factors helps in obtaining
convergent results and reduces the number of iterations re-
quired. The relaxation factors are set equal to 0.8 for velocities,
0.9-0.95 for enthalpy, and 1.0 for potentials.

Results and Discussion

Results for the calculation domain shown in Fig. 1 are pre-
sented and discussed in this section. A detailed look at the

Table 1 Boundary conditions

SB BC EC FE SF
u dulor =0 u=0 0 u=0 u=0
v v=0 ) v=0 0 =0 v=0
h dhlor =0 h=h, h, h h, h = h,
K) (500 K) (1000 K)
® dplar =0 $=0 = dpldz =0 Aploz = —jolo
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current density profiles at the cathode tip is done first. After
studying the current profiles at the cathode tip, the axial current
density field, the potential field, and the velocity field are pre-
sented for a 200-A, 10-mm-long arc. Temperature profiles for
this arc are compared with experimental data of Hsu et al’ In
addition to the temperature profiles for a 200-A, 10-mm-long
arc, temperature plots are also shown for a 300-A, 10-mm-
long arc; a 200-A, 20-mm-long arc; and a 200-A, 5-mm-long
arc. These figures display the effects of increasing the total
current and changing the arc length. A study of the effect on
the calculations of the length scale used for the net emission
coefficients is presented as well. All results presented here are
for a pure argon arc burning in a 1-atm environment.

Current Density Profiles at the Cathode Tip

Figure 3 shows comparisons of the cathode tip current den-
sity profiles, j = (j2 + j5)*°, used by a number of investigators.
The results from the model being presented here and those of
Lowke et al.” are for a 5-mm-long arc, where the cathode is a
truncated cone with a flat tip that has a radius of 0.1 mm. The
results of Lowke et al.” and, from this work, using three grid
points beneath the .cathode tip show an off-axis peak in the
current density. This occurs because of the sharp corner present
at the intersection of the flat and slanted surfaces. The oscil-
latory behavior seen in Lowke et al.’s results is believed to be
a result of numerical instabilities. The profile that Hsu et al.”
used as their current density boundary condition is also shown.
In their profile, the maximum current density at the axis is
determined by assuming that all input current passes through
a semispherical surface with a radius of 0.51 mm. Obviously,
the present peak current density is much larger than that given
by Hsu et al.

Because sharp corners in the region of the cathode spot
quickly disappear when an arc is started, the off-axis peak
shown in Fig. 3 will not be seen in a real arc. Sharp corners
are quickly rounded off by the intense heat. To obtain the off-
axis peak, the computational domain below the flat of the cath-
ode was subdivided into three computational control volumes.
When only one computational control volume is used, results
as shown by the one control volume solid line in Fig. 3 are
obtained. The predicted peak current density from the present
model using three control volumes at the cathode tip is 2.43
X 10* A/cm?, whereas that using only one control volume is
2.29 X 10* A/cm.? Therefore, using one control volume or
three doesn’t change the magnitude of the peak current density
significantly, but it does change its position. Another set of
results shown in Fig. 3 are those of Zhu et al.® Zhu et al. utilize
a calculation routine that includes the nonequilibrium behavior
of the sheath region. They consider a cathode tip similar to the
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Fig. 3 Comparison of the predicted profile of current density
along the line AD with reported results.

one being studied here, and have results similar to those pro-
duced with this work when only one computational control
volume is used beneath the flat of the cathode tip. This indi-
cates that the present model is producing results similar to
those produced with models that include a detailed account of
the sheath region.

Predicted axial and radial current density profiles for the
200-A, 10-mm-long arc and the 200-A, 5-mm-long arc are
shown in Fig. 4. There is very little difference between these
profiles, emphasizing that the current density profile at the
cathode tip is not a strong function of arc length. These curves
also emphasize that the radial component of the current density
is small compared with the axial component. At the symmetry
axis, j, equals zero. The radial current density, j,, increases with
r up to its maximum value at a position of approximately r =
0.17 mm, and then decreases. The axial current density con-
tinually decreases. Both j, and j, are essentially zero for r >
2.5 mm. In association with the profiles of current densities,
predicted temperatures are 3600 K at the cathode tip and 1940
K at point G on the cathode (see Fig. 1).

To see how sensitive the arc characteristics are to the radius
of the flat tip, a simulation using a flat tip with a radius of
0.12 mm was carried out for a 200-A, 10-mm-long arc. The
result is that the maximum axial velocity decreases by 11.6
m/s and the maximum temperature decreases by 207 K com-
pared with the case using the flat tip of 0.1 mm radius.

Fields of Basic Parameters

Figure 5 presents contours of the axial current density for /
=200 A and d = 10 mm. Dramatic changes of the axial current
density, j,, along the z and r directions occur close to the cath-
ode tip. Note that no current is leaving the cathode at a position
significantly removed from the tip. Peak current densities that
occur right at the cathode tip are not shown in Fig. 5. These
can be obtained from Fig. 4. The constriction in the current
density contours around the z = 2 mm location is because of
a reduction of the hot core of the arc. Right next to the anode
the axial current density contours become perpendicular to the
anode surface. Physically, this behavior is reasonable because
of the way the electrons remain at a much higher temperature
than the heavy particles in the anode sheath region. Compu-
tationally, this results from the way the electric conductivity is
determined at this location.

Figure 6 shows contours of electric potential for the 7 = 200
A arc with d = 10 mm. The contour interval is 0.5 V. The
potential difference between the cathode tip and anode is 16
V, which is slightly higher than the 13.3-V computational value
of Hsu et al.> The potential drop from the anode to the cathode
cylinder is predicted to be 17 V. The total measured arc voltage
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Fig. 4 Predicted profiles of the axial and radial current density
along the line AD for a free-burning argon arc.
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Fig. 5 Contours of axial current density for a 200-A, 10-mm-
long arc.
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Fig. 6 Contours of electric potential for a 200-A, 10-mm-long
arc.

reported by Etemadi and Pfender” is 16.9 V. This is in agree-
ment with a measured value of 17 V taken by Menart.'® This
means that the calculated voltage drop in this work and ex-
perimental measurements are in good agreement. It may be
thought that the calculated value should be significantly lower
than the experimental value because the nonequilibrium in the
sheath regions is not accounted for in this work. This is in-
correct thinking for this type of model. By looking at Fig. 6,
it can be seen that a significant potential drop close to the
anode and cathode is predicted, particularly at the cathode. At
the anode the potential gradient becomes much steeper at
larger radial locations where the thermal boundary layer thick-
ens. This is to be expected. Of course, neglecting the non-
equilibrium phenomena that is occurring at the sheaths causes
a slight discrepancy in the measured and calculated voltage
drops.

The velocity field for / = 200 A and d = 10 mm is plotted
in Fig. 7. The maximum velocity of 348.3 m/s is predicted at
a location 1.84 mm down from the cathode tip. This maximum
velocity is slightly larger than that predicted by Hsu et al.> The
reason for this difference is found in Fig. 3. Hsu et al. have a
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Fig. 7 Velocity field for a 200-A, 10-mm-long arc.

peak current density of 1.2 X 10 A/cm® compared with that
of 2.29 X 10* A/cm® calculated in this work. Figure 7 also
displays the impingement flow caused by the magnetohydro-
dynamic pumping effect. Flow is sucked into the arc by the
magnetic fields produced by the electric current. As the flow
approaches the anode, it is forced to travel in the r direction
as opposed to the z direction. Close to the cylindrical outer
boundary EC, the flow turns up heading back toward the
boundary EF. Note that this upward flow occurs at larger radial
locations than shown in Fig. 7. Near the upper boundary, the
flow turns around and accelerates toward the centerline axis,
forming a circular pattern. Quite obviously, recirculation oc-
curs in every free-burning arc; it is mostly a question as to
how far out radially the flow starts traveling from the anode
up toward the cathode. This will be affected by the positioning
of some outer wall, such as a pressure vessel. In this work we
have moved the outer boundary to a large enough radial lo-
cation such that the behavior in the arc located at radial lo-
cations less than 10 mm is not affected by this boundary. The
outer boundary for the data in Fig. 7 is at 26 mm.

Figures 8—11 show temperature field plots for several dif-
ferent arcs, illustrating the effect of total arc current and arc
length. Figure 8 shows a comparison between the data calcu-
lated in this work and the experimental data of Hsu et al.’
Good comparisons are seen, except near the hottest portions
of the arc. The peak temperatures determined experimentally
are 21,000 K, whereas the peak temperature calculated in this
work is 20,030 K at a location 0.65 mm below the cathode tip
on the arc axis.

Figure 9 shows the temperature contours, with temperature
intervals of 1000 K, for 7/ = 300 A and d = 10 mm. The peak
temperature in this case is 24,256 K at the same position as
the calculated peak temperature shown in Fig. 8. As compared
with the 200-A arc in Fig. 8, the size of the hot portion of the
arc has increased. The radius of the bell-shaped formed by the
8000 K contour is 8 mm for the 7 = 200 A arc and 9.4 mm
for the 7 = 300 A arc.

Figure 10 shows temperature contours for an increased elec-
trode gap of 20 mm at I = 200 A, whereas Fig. 11 shows the
same data for the decreased electrode gap of 5 mm at / = 200
A. The maximum temperature for the 20-mm-long arc is
19,490 K, which is found at a location 0.66 mm down from
the cathode tip, and that for the 5-mm-long arc is 20,424 K,
occurring at a location 0.65 mm down from the cathode tip.
The radius of the bell-shape formed by the 8000 K contour is
10.2 mm for d = 20 mm and 6.27 mm for d = 5 mm. The
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Fig. 8 Comparison of the calculated isotherms for a 200-A, 10-
mm-long arc with the experimental data of Hsu et al.’
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Fig. 9 Temperature contours for a 300-A, 10-mm-long arc.

corresponding value for the 10-mm arc shown in Fig. 8 is in
between those of the 20 and 5 mm arcs. At a given current
setting, as the arc length increases from 5 to 20 mm, the peak
temperature drops slightly and the width of the bell-shaped
region increases.

Effect of Length Scale

As mentioned earlier, net emission coefficients based on the
length scale of L = 2 mm are used for the results presented in
this work. To demonstrate the influence of this length scale on
the arc performance, simulations are also made for L = 0 (op-
tically thin condition), L = 0.1, and L = 1 mm. Variations of
the temperature on the axis for three different length scales
under the condition of 7 = 200 A and d = 10 mm are illustrated
in Fig. 12. It is seen that the difference in the temperature
distribution between the case of L = 1 mm and the case of L
= 2 mm is small. However, the temperature for L = 0 is no-
ticeably lower than the other results. The reason for this is the
large difference that is seen between the L = 0 net emission
coefficient data and that with some finite length scale. Even a
very small length scale such as 0.1 mm causes a substantial
drop in the net emission coefficient. This is because of the
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Fig. 10 Temperature contours for a 200-A, 20-mm-long arc.
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Fig. 11 Temperature contours for a 200-A, 5-mm-long arc.
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Fig. 12 Variation of temperatures on the axis of a 200-A, 10-
mm-long arc for four different net emission coefficient length
scales.
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very short mean free path associated with radiant energy that
comes from the resonance lines. From the data in Fig. 12 it
can be concluded that any length scale from 1 to 2 mm could
be used in this calculation. However, optically thin, L = 0, net
emission coefficient data should not be used.

Numerical Accuracy

To estimate the influence of the cylindrical outer radius on
the arc characteristics, a calculation is made for a domain hav-
ing a height of 23 mm (EC) and an extended outer radius of
30 mm (SE). For the arc where I = 200 A and d = 10 mm,
relative differences of the maximum axial velocity and the
maximum temperature at the axis and the bell-shaped radius
formed by the 8000 K temperature contour are, respectively,
less than 0.5%, 0.3%, and 0.2%, compared with the case where
the outer boundary is 26 mm away from the centerline. This
result indicates that the behavior of the bulk of the arc is in-
sensitive to the chosen location of the outer boundary.

A grid refinement is made for a 200-A arc with a electrode
gap of 10 mm. The grid points of 76 X 82 used in the simu-
lation are increased to 113 X 102 points, whereas the grid size
at the cathode tip premains unchanged. Calculated results for
the refined grid arrangement show that the maximum axial
velocity changes by less than 2%, the maximum temperature
by less than 1%, and the potential difference between elec-
trodes by less than 2%. The changes are small, indicating ade-
quate spatial discretization.

Conclusions

Reasonable profiles of current densities over a plane at the
cathode tip are obtained when detailed calculations of the
sheath region are neglected. A fair comparison of this profile
to one that is calculated based on a model that includes details
of the sheath region has been obtained. Even though the model
presented here does not include sheath calculations, strong
voltage drops in the region of the cathode and the anode are
predicted. Comparisons between the measured and calculated
total arc potential drop are in good agreement.

The axial current density at the cathode tip decreases quickly
at radial locations removed from the centerline. The radial cur-
rent density profiles quickly go from a value of zero to some
maximum and then quickly fall back to zero. Both the radial
and axial current density distributions are essentially zero at
radial locations greater than 2.5 mm for the 200-A arc. At
every location the magnitude of the radial current densities are
much smaller than the axial values.

The peak temperature in the arc decreases with an increase
of the electrode gap and increases with an increase of total arc
current. The bell-shaped radius formed by the 8000 K tem-
perature contour increases with an increase of the electrode
gap spacing and an increase in the arc current for the range of
parameters studied in this survey.

There is a noticeable difference between the axial temper-
ature distribution when the length scale for the net emission
coefficients is taken to be L = 0 or L = 2 mm. A smaller
difference is obtained when this length scale is taken as 1 mm
instead of 2 mm. Given the comparisons with experimentally
measured temperature profiles, it would seem that a length

scale of 1-2 mm is a reasonable choice for the 200-A, 10-
mm-long free-burning argon arc.
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