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Abstract A modelling study is performed to investigate the characteristics of both plasma flow

and heat transfer of a laminar non-transferred arc argon plasma torch operated at atmospheric

and reduced pressure. It is found that the calculated flow fields and temperature distributions are

quite similar for both cases at a chamber pressure of 1.0 atm and 0.1 atm. A fully developed flow

regime could be achieved in the arc constrictor-tube between the cathode and the anode of the

plasma torch at 1.0 atm for all the flow rates covered in this study. However the flow field could

not reach the fully developed regime at 0.1 atm with a higher flow rate. The arc-root is always

attached to the torch anode surface near the upstream end of the anode, i.e. the abruptly expanded

part of the torch channel, which is in consistence with experimental observation. The surrounding

gas would be entrained from the torch exit into the torch interior due to a comparatively large

inner diameter of the anode channel compared to that of the arc constrictor-tube.
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1 Introduction

DC non-transferred arc plasma torches have been
used to generate thermal plasmas in various in-
dustrial applications, such as atmospheric or sub-
atmospheric plasma spraying, thermal plasma waste
treatment, plasma-assisted chemical vapour deposition,
and plasma preparation of ultra-fine powders [1∼6]. Al-
though there have been a lot of experimental and mod-
elling results concerning the thermal plasma character-
istics in the literature [1∼20], the understanding about
DC non-transferred arc plasma characteristics is still in-
sufficient. The physical processes in a non-transferred
arc plasma torch are quite complicated. The plasma
flow and heat transfer are coupled with the electro-
magnetic field. There always exists a large tempera-
ture difference in the thermal plasma system and thus
temperature-dependent thermodynamic and transport
properties of the plasma must be considered in any
theoretical study. Many other complicated factors are
also often involved such as the unsteady effects caused
by arc-root fluctuation, the non-local thermodynamic
equilibrium (non-LTE) effects near the electrodes or
cold walls, etc.

Most published modelling studies on the DC non-
transferred arc plasma torches are concerned with
the case working at atmospheric pressure, e.g. in
Ref. [7∼18] and the references cited therein. However,
thermal plasmas generated at sub-atmospheric pressure

are of special interest for many material processing ap-
plications, such as the preparation of large-area dia-
mond films or other functional films with higher deposi-
tion rates [3,5]. The reason is that rather high densities
of active particles are involved in the thermal plasma
generated at sub-atmospheric pressure in comparison
with low-pressure discharge plasmas, or cold plasmas.
Recently, a DC non-transferred arc plasma torch oper-
ated at sub-atmospheric pressure has been established
at the Institute of Mechanics of the Chinese Academy of
Sciences, and a series of experimental results have been
obtained [19,20]. These results are about the plasma
torch characteristics at different parameters, including
the vacuum -chamber pressure (102 ∼ 105 Pa), arc cur-
rent (80∼130 A), types of working gas (Ar, Ar-H2, Ar-
N2, etc.) and different gas flow-rates associated with
laminar and turbulent flow regimes. The effects of an
applied magnetic field of 100 Gauss to 450 Gauss on the
plasma torch characteristics have also been examined.
Especially, the arc-root attachment modes have been
successfully observed using a specially designed copper
reflection mirror in coordination with an ICCD (intensi-
fied charge coupled device) camera. The copper mirror
carries a thin boron-nitride film about 20 mm in diam-
eter at its center and thus can reduce the interference of
the intensive light emitted from the high-temperature
arc column upon the observation of the weakly lumi-
nous arc-root on the anode surface. When pure argon
is used as the plasma-forming gas, it is found that the
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arc-root attachment mode is diffusive and circumferen-
tially uniformly distributed at the anode surface and
that the plasma jet issued from the plasma torch is sta-
ble and axi-symmetrical in the case of a laminar flow
regime (at lower flow rates) and without an applied
magnetic field [19,20].

Our modelling study is conducted to understand the
features of the DC non-transferred arc plasma torch as
schematically shown in Fig. 1, which is almost the same
as that used in the experimental investigations [19,20].
Preliminary modelling results are presented in this pa-
per to compare the characteristics of plasma flow and
heat transfer of the plasma torch operated at 0.1 atm
and 1 atm.

2 Modelling approach

The main assumptions employed in this study are as
follows. a. Both the plasma-forming gas and surround-
ing gas, in the vacuum chamber outside the plasma
torch, are argon. b. The flow is steady, laminar and
axi-symmetrical. c. The plasma is in a local thermo-
dynamic equilibrium (LTE) state and optically thin to
radiation. d. The flow-induced electrical field (V × B)
can be ignored in comparison with the static electrical
field (E). It is noted that the axi-symmetrical flow as-
sumption is reasonable since the circumferentially uni-
formly distributed arc-root attachment and the axi-
symmetrical laminar plasma jet were observed in the
case with argon as the plasma-forming gas [19,20]. In the
case without an applied magnetic field, V × B would be
small compared with E since the magnetic field gener-
ated by the arc current itself is comparatively small.
The LTE assumption is adopted in this preliminary
study as the first approximation and will be relaxed
in subsequent studies.

Based on the foregoing assumptions, the governing
equations in cylindrical coordinates can be written as
follows [21].
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Energy conservation equation
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Electrical potential (current continuity) equation
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In Eqs. (1)∼(6) u, v and, w are the axial (z-), radial
(r-) and circumferential (θ-) velocity components; p, h
and φ the gas pressure, specific enthalpy and electrical
potential; kB and e the Boltzmann constant and ele-
mentary charge; whereas ρ, μ, κ, cp, σ and Ur are the
temperature- and pressure-dependent gas density, vis-
cosity, thermal conductivity, specific heat at constant
pressure, electric conductivity and radiation power per
unit volume of plasma, respectively, and are calculated
in this study by use of a pre-compiled plasma database.
Φ in Eq. (5) is the viscous dissipation, and is calculated
by
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Both the pressure work and viscous dissipation terms
have been included in the Eq. (5) in order to be appli-
cable to a high velocity flow at a lower gas pressure.
The current density components jr and jz appearing in
Eqs. (2), (3) and (5) are calculated by

jr = −σ
∂φ

∂r
, jz = −σ

∂φ

∂z
, (8)

whereas the self-induced magnetic induction intensity
Bθ is calculated from

Bθ =
μ0

r

∫ r

0

jzξdξ. (9)

with μ0 the magnetic permeability.
The computational domain used in the modelling is

denoted as A-B-C-D-E-F-G-H-I-A in Fig. 1, in which
A-B-I-A is the cathode, E-F-G-K-E the anode or the
wall of the abruptly expanded channel, C-D-E-J-C the
insulating inter-electrode insert, referred to as the arc
constrictor-tube hereinafter, B-C the inlet of the axi-
ally flowing working gas, C-J the inner surface of the
arc constrictor-tube, G-H the torch exit, whereas 1
and 2 represent two inlets of the tangentially inflow-
ing working-gas. The boundary conditions required for
the numerical simulation are listed in Table 1. Van-
ishing velocity components and constant temperatures
are specified at all solid boundaries; axi-symmetrical
conditions are employed along the torch axis; one-way
conditions are used at the torch exit; and zero currents
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Table 1. Boundary conditions used for solving the governing equations

u v rw h φ

AB 0 0 0 hc ∂φ/∂z = I/(Aσc)
BC Uin 0 0 h0 ∂φ/∂z = 0
CD 0 0 0 h0 ∂φ/∂z = 0
DE 0 0 0 h0 ∂φ/∂r = 0
EF 0 0 0 h0 0
FG 0 0 0 ∂h/∂z = 0 ∂φ/∂z = 0
GH ∂u/∂z = 0 ∂v/∂z = 0 ∂(rw)/∂z = 0 ∂h/∂z = 0 ∂φ/∂z = 0
HI ∂u/∂r = 0 0 0 ∂h/∂r = 0 ∂φ/∂r = 0
IA 0 0 0 ∂h/∂r = 0 ∂φ/∂r = 0

Inlet 1 0 0 (rw)in h0 . . .
Inlet 2 0 0 (rw)in h0 . . .

are assumed at all the boundaries except for the cath-
ode and the anode. The cathode body is included in
the computational domain, and at the rear end of the
cathode (A-B in Fig. 1), vz = 0, vr = 0, T = 3000 K
and ∂φ/∂z = I/(Aσc) are used, where I, A and σc are
the arc current, cathode end area and the electric con-
ductivity of the cathode material. φ = 0 is set at the
outer surface of the anode (E-F in Fig. 1). The inter-
electrode insert and anode wall are also included in the
computational domain in order to predict more realis-
tic inner wall temperatures of the anode for the case
with local arc-root attachment. Total volumetric flow
rates of pure argon, the working gas, are in the range of
4.4∼ 8.8 slm (standard liters per minute) in this study.
The argon is admitted into the plasma torch in three
ways, i.e. axially from the upstream annular slot (B-C
in Fig. 1), tangentially from hole 1 (see Fig. 1) around
the upstream end of the cathode and also tangentially
from hole 2 (see Fig. 1) near the upstream section of the
abruptly expanded channel or the anode. The ratios of
the flow-rate of axially inflowing gas through inlet A-B
to that tangentially inflowing gas through hole 1 and
to that tangentially inflowing gas through hole 2 are
1: 1: 1. The inlet velocity at each entry is calculated
according to the gas flow rate and corresponding inlet
area.

Fig.1 Schematic diagram of the DC non-transferred arc

plasma torch under study, the geometric sizes and the com-

putational domain

The SIMPLER algorithm [22] is used to solve the
Eqs. (1)∼(6) associated with the auxiliary relations
(7)∼(9) and specified boundary conditions listed in Ta-
ble 1 to obtain the velocity and specific enthalpy (or

temperature) distributions in the plasma torch. A mesh
of 172 (z-direction)×48 (r-direction) grid points is em-
ployed in this study.

3 Results and discussion

Typical modelling results are presented in Figs. 2 ∼6
concerning both the plasma flow and heat transfer char-
acteristics in the DC non-transferred arc plasma torch
for the cases with a pressure of 105 Pa (or 1.0 atm), an
arc current of 80 A to 120 A and an argon flow rate of
4.4 slm to 8.8 slm.

Fig.2 Calculated isotherms (solid lines) (a) and stream-

lines (b) for the case with an argon flow rate of 4.4 slm, an

arc current of 100 A and a gas pressure of 105 Pa. Outer

isotherm is 2000 K and isotherm interval 1000 K. Stream-

line interval −0.2×10−4 kg· s−1 per radian. Electric-current

isolines are also shown in (a) as broken lines

Fig. 2 shows the calculated distributions of isotherms
(solid lines) as well as electric-current isolines (bro-
ken lines) (a) and the streamlines (b) within the non-
transferred arc plasma torch for the case with an ar-
gon flow rate of 4.4 slm and an arc current of 100 A.
Quite similar calculated isolines are also obtained for
the flow rates of 6.6 slm and 8.8 slm (not shown as
separated figures), but the magnitude of the plasma
axial-velocity increases with the increase in gas flow-
rate. The predicted isotherms presented in Fig. 2(a)
demonstrate that the highest temperature appears at
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the location near the cathode tip where the current den-
sity assumes its maximum. It is seen from the isotherms
and the electric-current isolines shown in Fig. 2(a) that
the arc-root in the plasma torch is attached to the an-
ode surface near the upstream end of the anode or the
abruptly expanded channel, K-G in Fig. 1. It is found
from the calculated streamlines shown in Fig. 2(b) that
the surrounding gas outside the plasma torch is en-
trained from the torch exit into the torch interior due
to the fact that the inner diameter of the abruptly ex-
panded channel or the anode is appreciably larger than
that of the arc constrictor-tube, C-J in Fig. 1.

Fig. 3 shows the calculated variations in plasma tem-
perature and axial velocity along the torch axis for the
cases with a fixed arc current of 100 A and three differ-
ent flow rates namely 4.4 slm, 6.6 slm and 8.8 slm. It
is shown in Fig. 3(a) that the calculated plasma tem-
peratures for all the three different flow rate cases are
almost independent of the axial distance within the con-
strictor tube between the cathode and the anode, i.e.
C-J in Fig. 1, with an axial distance less than 95 mm
but larger than 70 mm, and the plasma temperature
along the torch axis for the axial-distance in a range of
70 mm to 95 mm is maintained at about 12400 K. It
means that a fully developed heat transfer regime [23]

has been achieved within the arc constrictor-tube for
all the three cases with different flow-rates. Fig. 3(b)
demonstrates that a fully developed flow regime [23] has
also been achieved within the arc constrictor-tube for
all the three different flow-rates. Since the arc column
is restricted within the constrictor-tube (see Fig. 2),

Fig.3 Comparison of calculated variations in the plasma

temperature (a) and the axial velocity (b) along the torch

axis for three different argon flow rates of 4.4 slm, 6.6 slm

and 8.8 slm. Arc current is 100 A and gas pressure is 105 Pa

the cold argon inflowing into the constrictor-tube is
heated in the constrictor-tube channel and accelerated
to a higher velocity. Of course, the magnitude of the
axial velocity in the fully developed region increases
with the increase in flow rate. The predicted axial ve-
locities in the fully developed plasma flow and heat
transfer regime are 70 m/s, 105 m/s and 140 m/s for
the cases with the argon flow rates of 4.4 slm, 6.6 slm
and 8.8 slm, respectively. This means that the mag-
nitude of the axial velocity near the exit of the arc
constrictor-tube axis is directly proportional to the gas
flow rate, which is also a typical characteristic of the
fully developed flow regime [23]. Fig. 4 shows the cal-
culated variations in plasma temperature (a) and axial
velocity (b) along the torch axis for the cases with a
fixed flow rate of 4.4 slm and three different arc cur-
rents, 80 A, 100 A and 120 A. It is seen from Fig. 4
that the fully developed plasma flow and heat trans-
fer regime can be achieved in the arc constrictor-tube
for all the three cases with different arc currents. The
predicted plasma temperatures in the fully developed
plasma flow and heat transfer regime are 12030 K,
12394 K and 12708 K, and the corresponding axial ve-
locities are 63 m/s, 70 m/s and 78 m/s, respectively,
for the arc currents of 80 A, 100 A and 120 A.

Fig.4 Comparison of calculated variations in the plasma

temperature (a) and the axial velocity (b) along the torch

axis for three different arc currents, 80 A, 100 A and 120 A.

Argon flow rate is 4.4 slm and gas pressure is 105 Pa

Fig. 5 compares the calculated radial profiles of the
plasma temperatures (a) and axial velocities (b) at the
torch exit plane, G-H in Fig. 1, for the cases with a
fixed arc current of 100 A and three different flow rates,
4.4 slm, 6.6 slm and 8.8 slm. As is seen in Fig. 5(a)
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Fig.5 Comparison of calculated radial profiles of the

plasma temperature (a) and the axial velocity (b) at the

torch exit plane for three different argon flow rates, 4.4 slm,

6.6 slm and 8.8 slm. Arc current is 100 A and gas pressure

is 105 Pa

and (b), the predicted highest temperatures at the torch
exit for the three different flow rates are 6890 K, 7571 K
and 8167 K, and the highest axial velocities are 23.6
m/s, 41.9 m/s, 63.5 m/s, respectively. Namely, the
highest plasma temperature and axial velocity at the
torch exit increase with the increase in the flow rate.
Fig. 6 compares the calculated radial profiles of the
plasma temperatures (a) and axial velocities (b) at the
torch exit plane for the cases with a fixed flow rate
of 4.4 slm and three different arc currents 80 A, 100 A
and 120 A. Fig. 6(a) and (b) show that the predicted
highest temperatures at the torch exit for the three arc
currents are 6709 K, 6890 K and 7040 K, and the high-
est axial velocities are 21.3 m/s, 23.6 m/s and 26.1 m/s,
respectively. This means that the highest plasma tem-
perature and axial velocity at the torch exit increase
with the increase in arc current. It is noted that neg-
ative values of the axial velocity appear at larger radii
in Figs. 5(b) and 6(b) due to the existence of a reverse
flow from the torch exit to the torch interior.

As the chamber pressure is reduced to 104 Pa,
or 0.1 atm, the modelling results are presented in
Figs. 7∼11 for the plasma flow and heat transfer char-
acteristics in the DC non-transferred arc argon plasma
torch. Fig. 7 shows the calculated distributions of
isotherms (solid lines) as well as electric-current iso-
lines (brokenlines) (a) and the streamlines (b) within
the non-transferred arc plasma torch for the case with
an argon flow rate of 4.4 slm and an arc current of
100 A. The calculated isolines obtained for the argon

Fig.6 Comparison of calculated radial profiles of the

plasma temperature (a) and the axial velocity (b) at the

torch exit plane for three different arc currents 80 A, 100 A

and 120 A. Argon flow rate is 4.4 slm and gas pressure is

105 Pa

Fig.7 Calculated isotherms (solid lines) (a) and stream-

lines (b) for the case with an argon flow rate of 4.4 slm, an

arc current of 100 A and a gas pressure of 104 Pa. Outer

isotherm is 2000 K and isotherm interval 1000 K. Stream-

line interval −0.2×10−4 kg· s−1 per radian. Electric-current

isolines are also shown in (a) as broken lines

flow rates that change to 6.6 slm or 8.8 slm (not shown
as separated figures) are quite similar to those shown in
Fig. 7, but the magnitudes of the plasma axial-velocity
increase with the increase in the flow rate. It is also
seen from the isotherms and the electric-current iso-
lines shown in Fig. 7(a) that the arc-root is still at-
tached to the anode surface near the upstream end of
the anode surface. Such a result concerning the anode
arc-root’s location obtained for the chamber pressure
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of 104 Pa is identical to that presented above for the
pressure of 105 Pa, and is consistent with experimental
observation. It can also be found from the calculated
streamlines shown in Fig. 7(b) that the surrounding gas
outside the plasma torch is entrained from the torch
exit into the torch interior due to the existence of an
abruptly expanded part of the torch channel.

Fig. 8 shows the calculated variations of plasma tem-
perature, and axial velocity along the torch axis for a
fixed arc current of 100 A and three different flow-rates
of 4.4 slm, 6.6 slm and 8.8 slm. The calculated temper-
ature distributions shown in Fig. 8(a) are almost inde-
pendent of the axial distance within the arc constrictor-
tube channel when the axial distance is larger than
80 mm for all the three different flow rates, while the
plasma temperature at the torch axis remains at about
12106 K when the axial distance is in the range of
80 mm to 95 mm. This means that a fully developed
heat transfer regime is achieved near the exit of the
arc constrictor-tube for all the three cases with differ-
ent flow rates. However, Fig. 8(b) demonstrates that
the fully developed flow regime can only be achieved
for the case with the argon flow rate of 4.4 slm. The
plasma flow does not reach the fully developed regime
within the arc constrictor-tube, while the axial veloc-
ity increases continuously with the increase in the axial
distance, for the cases with argon flow rates of 6.6 slm
and 8.8 slm. Fig. 9 shows the calculated variations of
plasma temperature and axial velocity along the torch
axis for a fixed flow rate of 4.4 slm and three different

Fig.8 Comparison of calculated variations in the plasma

temperature (a) and the axial velocity (b) along the torch

axis for three different argon flow rates, 4.4 slm, 6.6 slm and

8.8 slm. Arc current is 100 A and gas pressure is 104 Pa

Fig.9 Comparison of calculated variations in the plasma

temperature (a) and the axial velocity (b) along the torch

axis for three different arc currents 80 A, 100 A and 120 A.

Argon flow rate is 4.4 slm and gas pressure is 104 Pa

arc currents. Fig. 9(a) and (b) show that, as the ar-
gon flow rate is set to be 4.4 slm, the fully developed
plasma flow and heat transfer regimes can be achieved
in the arc constrictor-tube for all the three cases with
different arc currents at 104 Pa. In the fully developed
regime, the predicted plasma temperatures at the torch
axis are 11640 K, 12106 K and 12472 K, and the axial
velocities at the torch axis are 742 m/s, 910 m/s and
1087 m/s for the arc currents of 80 A, 100 A and 120 A,
respectively. It is noted that for a given flow rate, the
predicted highest axial velocities at the axis of the arc
constrictor-tube shown in Fig. 8(b) or Fig. 9(b) for the
case with a gas pressure of 104 Pa are much larger than
their counterparts obtained for the case with a gas pres-
sure of 105 Pa, shown in Fig. 3(b) or Fig. 4(b), since
about 10 times smaller gas mass densities are concerned
at 104 Pa. As a result, the arc constrictor-tube is not
long enough to achieve a fully developed flow regime at
higher gas flow rates for 104 Pa.

Fig. 10 compares the calculated radial profiles of the
plasma temperatures and axial velocities at the torch
exit plane, G-H in Fig. 1, for the cases with a fixed
arc current at 100 A and three different flow rates at
4.4 slm, 6.6 slm and 8.8 slm. As is shown in Figs. 10(a)
and (b), for the three different flow rates, the predicted
highest temperatures at the torch exit are 7369 K,
8593 K and 9350 K, and the highest axial-velocities at
the torch exit are 213 m/s, 426 m/s and 690 m/s, re-
spectively. This means that the highest plasma temper-
ature and the highest axial velocity at the torch exit
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Fig.10 Comparison of calculated radial profiles of the

plasma temperature (a) and the axial velocity (b) at the

torch exit plane for three different argon flow rates, 4.4 slm,

6.6 slm and 8.8 slm. Arc current is 100 A and gas pressure

is 104 Pa

increase with the increase in argon flow rate. Fig. 11
compares the calculated radial profiles of the plasma
temperatures and the axial velocities at the torch exit
plane for the cases with a fixed flow rate of 4.4 slm and
three different arc currents, 80 A, 100 A and 120 A, at
a gas pressure of 104 Pa. As is shown in Fig. 11(a) and
(b), the predicted highest temperatures at the torch
exit for the three arc currents are 6960 K, 7369 K and
7820 K, and the corresponding highest axial velocities
are 185 m/s, 213 m/s and 246 m/s, respectively. That
is, both the highest plasma temperature and the high-
est axial-velocity at the torch exit increase with the in-
creases in arc currents, similar to the features revealed
in the cases at atmospheric pressure. It is noted that
negative values of the axial velocity appear at larger
radii in Figs. 10(b) and 11(b) due to the existence of
a reverse flow from the torch exit to the torch interior.
For the case with a fixed volumetric flow rate and arc
current, the axial velocities along the torch axis ob-
tained for the gas pressure of 104 Pa are much larger
than those for the gas pressure of 105 Pa since about a
10-fold lower gas density is involved at 104 Pa.

Although the predicted location of arc-root attach-
ment, near the upstream end of the anode surface,
agrees well with the experimental observation, so far
no quantitative experimental data are available to check
the predicted plasma temperature and velocity distri-
butions due to the difficulty encountered in the plasma
parameter diagnostics within the torch or even in the
jet region enclosed by the vacuum chamber. A photo-

Fig.11 Comparison of calculated radial profiles of the

plasma temperature (a) and the axial velocity (b) at the

torch exit plane for three different arc currents, 80 A, 100 A

and 120 A. Argon flow rate is 4.4 slm and gas pressure is

104 Pa

graph of the plasma jet outflowing from the plasma
torch taken at a chamber pressure of 1.1 × 104 Pa is
presented in Fig. 12 to support the present predicted
results. Fig. 12 demonstrates that the diameter of the
high temperature region of the plasma jet is much less
than that of the torch channel exit (G-H in Fig. 1),
which is in a qualitative agreement with the modelling
predictions shown in Figs. 7(a), 10(a) and 11(a).

Fig.12 Photograph of the laminar argon plasma jet emit-

ted from the plasma torch with the parameters as arc cur-

rent of 80 A, argon flow rate of 8.2 slm and chamber pres-

sure of 1.1 × 104 Pa
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The SIMPLER algorithm [22] used in this study to
solve the governing equations is not applicable to the
case where higher Mach numbers and hence a tran-
sonic or even supersonic flow are involved [24]. Instead,
the all-speed version [24,25] of the SIMPLE algorithm
should be employed for the future modelling study at
appreciably lower chamber pressures (e.g. 103 Pa or
102 Pa). This study employs a continuum approach,
and no-slip boundary conditions are used for the plasma
velocity at the solid boundaries, i.e. the rarefied gas
effects [21,26] are ignored. Such a treatment has been
found to be satisfactory for the cases of 105 Pa and
104 Pa. However, as lower chamber pressures, such as
103 Pa or even 102 Pa, are concerned, the rarefied gas
effects may become appreciable and thus the tempera-
ture jump and velocity slip conditions [21,26] should be
used along the solid-wall surface. In addition, as the
first step in our modelling study, a LTE model, widely
used in the modelling of DC arc plasma torches, has
been adopted here to simplify the modelling efforts at
105 Pa and 104 Pa. Non-LTE effects may become ap-
preciable at reduced pressure, and a two-temperature
or non-equilibrium model may be required. All those
complicated factors should be considered in subsequent
modelling studies.

4 Conclusions

Modelling results are presented for both the plasma
flow and heat transfer characteristics of the laminar DC
non-transferred arc plasma torch operated at a gas pres-
sure of 1.0 atm and 0.1 atm. The effects of the main
operational parameters, i.e. the argon flow rate and
the arc current, on the plasma flow and heat transfer
characteristics have been examined. Within the stud-
ied range of operational parameters, it is found that
a fully developed flow and heat transfer regime can be
achieved in the arc constrictor-tube for all the flow rates
and arc currents at 1.0 atm, but a fully developed flow
regime is not achieved at higher flow rates at 0.1 atm.
The arc-root in the plasma torch is always attached to
the anode surface at the location near the upstream
end of the torch anode. The surrounding gas outside
the plasma torch is always entrained from the torch exit
into the torch interior due to the sudden size-expansion
of the torch channel.
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