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Abstract

The atmospheric pressure plasma is regarded as an effective method for surface treatments because it can
reduce the period of process and doesn’t need expensive vacuum apparatus. The performance of non-trans-
ferred plasma torches is significantly depended on jet flow characteristics out of the nozzle. In order to pro-
duce the high performance of a torch, the maximum discharge velocity near an annular gap in the torch
should be maintained. Also, the compulsory swirl is being produced to gain the shape that can concentrate
the plasma at the center of gas flow. In this work, the distribution of gas flow that goes out to atmosphere
through a plenum chamber and nozzle is analyzed to evaluate the performance of atmospheric pressure plas-
ma torch which can present the optimum design of the torch. Numerical analysis is carried out with various
angles of an inlet flow velocity. Especially, three-dimensional model of the torch is investigated to estimate
swirl effect. We also investigate the stabilization of plasma distribution. For analyzing the swirl in the ple-
num chamber and the flow distribution, FVM (finite volume method) and SIMPLE algorithm are used for
solving the governing equations. The standard k-model is used for simulating the turbulence.
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1. INTRODUCTION

The shape of torch is utilized to generate cold
plasma, which is used in surface treatment of
metal. We can get high reaction temperature,
using the cold plasma other than using the heat
source by conventional method. Moreover, due to
the simple method of technology many develop
ment researches have been processed recently' .

The high temperature and thermal energy that
are occurred from the plasma generator are not
only used in reinforcing the working efficiency

but also used in more efficient and higher tech-
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nology. In addition, we can expect the plasma is
easier in heating, accurate in controlling the
temperature and precise in adjusting the direc-
tion of heat flow.

The most of existing method of using plasma
torch generates the plasma only in vacuum state.
And due to the higher expense of vacuum appa-
ratus and generator, the existing method is lack
of economical efficiency and productivity. For
resolving those problems, we have studied flow
characteristics to develop the atmospheric pres-
sure plasma torch.

For stabilizing the plasma that is generated in
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using atmospheric plasma torch, the flow behav-
ior is generally to plasma torch®. Also by conce-
ntrating the generated plasma in the center of
jet flow, the uniformity may be obtained to the
surface treatment. There are two kinds of method
to get these effects. Firstly, there is the wall-sta-
bilization in which the plasma is concentrated to
the center by using decrease of electrical condu-
ctivity through cooling the outer wall while sur-
rounding the arc occurred space with cold metal
wall, which is for the stabilization of a flame and
decreasing of heat loss. Secondly, there is the
vortex-stabilization in which the plasma is sur-
rounded by swirl that is occurred by injecting
the plasma gas as incline.

For the replacement of large-sized plasma
torches, Kuo® did his research in miniaturizing
the existing plasma torches as shown in Fig. 1.

In the present work, the formation of jet flow,
when jetting toward atmosphere through nozzle
in accordance of producing swirl flow compulso-
rily through the change of inlet angle, is prese-
nted. In particular, the torch that has the longest
throw length of jet at the constant flow rate
while the swirl flow minimizes the resistance of

inside wall of torches is to be investigated.

Fig. 1. Schematic of a plasma torch.

2. NUMERICAL ANALYSIS

2.1 Governing Equations

In order to analyze the flow characteristics of
a plasma torch, governing equations with conti-
nuity, momentum, energy and turbulent variables

and can be expressed as follows:
90D) v (pg¥7 )=V (IHS. ()

Here, I'; is the effective diffusion coefficient
and S, is the source term”. In this study, we also

used standard model®.

2. 2 Model and Grid System

Calculation model is used in size of practical
torch as shown in Fig. 2. The calculation domain
is composed to 60mm X60mm X 80mm. For the
formation of various swirl flows, two different
angles are introduced; «is fixed to 30° and Bis
changed by 10° from 0° to 40°.

In order to elucidate the flow characteristics of
plasma torch, three-dimensional grid system was
made. Especially, the Cartesian cut-cell method
was used”. This method is known as easier ap-
proach to solve this kind of complex geometry

problem and to security convergent.
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Fig. 2. Modeled torch and coordinates.
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In this study, the geometry of plasma torch
was created using three-dimensional CAD pro-
gram. The grid system has 120X 80X 80 cells.
The governing equations are solved using com-
mercial code, PHOENICS-VRY, which is provid-
ing the Cartesian cut-cell method with a personal
computer (PentiumV 1.8GHz CPU, 1GB memo-
ry). In addition, no-slip condition is used on the
wall boundary. This is presumed that there is no
mass flux on walls. In order to reduce a number
of cells, the wall function was used. Also, Neuma-
nn condition that has zero gradient for all flow
variables along streamline was applied on the
outlet boundary, since the flow variables were
difficult to know on the outlet boundary. For the
numerical calculation, we used nitrogen as work-

ing fluid and 5m/s as inlet velocity.

Fig. 3. Grid system (120 X80 X% 80).

3. RESULTS AND DISCUSSION

For analyzing the velocity distribution of a
swirl flow inside the plasma torch and jet dista-
nce at atmosphere, the jet area and the whole

size were fixed while the numerical analysis of «
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Fig. 4. Swirl effect on the velocity distribution.

=30° and A=0° was performed for the case of
the nonoccurrence of swirl and the numerical
analysis of 8=20° was performed for the case of
the occurrence of the swirl.

The results show that the longer throw length
of jet when the swirl was occurred as shown in
Fig. 4. Also the distances at maximum velocity in
the cases of the swirl and no-swirl are 23mm and
2bmm, respectively, along the centerline (see
Fig. 5). The maximum velocity with swirl has
about 2.5 times that with the case of no-swirl.
For observing the flow direction in the case of
swirl flow, each section is divided and the results

of velocity distributions are shown in Fig. 6. In
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Fig. 5. Velocity distribution along the centerline
(y=0).
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Fig. 6. Configuratiion of swirl flows.

order to elucidate the swirl effects, the formation
of swirl on A-A" and B-B’ sections are deficted.
It is also noted that the formation of the swirl
with inclining the inlet to the direction of Bis the
important factor that creates the maximum ca-
pacity of torches. In addition, to make a selection
of optimum design through changed A the nu-
merical analyses are performed with various val-
ues of angle (/) which is increased by 10° from
0° to 40° .

It is seen that the most capacity of velocity
distribution is occurred at A=20° as shown in
Fig. 7. This is explained as the degree of inlet
angle (A having the longest throw length of jet,
and the formation of swirl flow is easy inside
torches. In order to investigate quantitatively the
above results, the velocity distribution along the
centerline is presented in Fig. 8 with different

inlet angles (8
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Fig. 7. Effects of inlet flow angle (/) on the velo-
city distribution (unit: m/s).
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Fig. 8. Effects of inlet flow angle (A on the veloc-
ity distribution along the centerline (y=0}.
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4. CONCLUSIONS

In this work, the effect of the swirl flow was
studied numerically to design the optimal shape
of atmospheric plasma torch. The major conclu-

sions are as follows .

1) The method of vortex-stabilization is acqu-

ired by the occurred swirl flow.

2) Numerical analysis is performed with vari-
ous inlet angles (2 to get optimum shape, which
can minimize the resistance of inside wall of
torches. Results show that the most optimized
angle is derived at f=20°.
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