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Abstract A kind of plasma spraying torch with a hollow cathode is described in this paper.

The plasma torch can be used for axial powder injection in plasma spray studies. The arc char-

aateristics of the plasma torch with various gas flowrates, different gas media, are presented. The

mathematical modeling and computational method are developed for predicting the temperature

and velocity field inside the plasma torch.

PACS: 52.65, 52.30

1. Introduction

Plasma spraying has became a well-established
and widely-used technology with various industrial
applications([1,2,3]. In traditional plasma spraying,
the design of plasma torch has been essentially the
same, based on producing a plasma jet by a dc arc
operated between a stick-type cathode and a nozzle-
shaped anode[4,5]. The powder is injected radially
into the plasma flame either within the anode chan-
nel or a short distance from the anode. With radial
injection of powders the heating and dispersion of the
injected powder is strongly dependent on the trajec-
tory of the powder into the plasma jet. For different
powders these trajectories are determined by parti-
cle size, density and injection velocity, and the range
of trajectories is dependent on the size distribution
of the powders being injected. So in the traditional
plasma spraying torch the larger particles tend to
pass through the plasma while the smaller particles
tend to bounce off. This effect can be minimized
with axially injecting torches, in which powders are

injected in the center of the cathode. This type of

plasma spraying torch with a hollow cathode for ax-
ial powder feeding has been developed in our labora-
tory[6,7]. In this configuration, powders can follow
a nearly-optimum trajectory with little or no seg-
regation. This promotes high deposition rates and

deposition efficiencies.

2. Plasma spraying torch
with hollow cathode and

its characteristics

The plasma spraying torch with a hollow cathode
for axial powder feeding is shown schematically in
Fig. 1. The cathode is made of a piece of ceria-
tungsten with a cavity. The anode is made of cop-
per. A narrow passage between the cathode and the
anode provides a tangential inlet gas flow ¢;. An-
other gas flow g, and the powders are passed through
the cavity of the hollow cathode into the region of
arc column. The particles injected are progressively
heated in the arc column before exiting the nozzle
with plasma jet. Fig. 2 shows the photograph of

plasma flame of the torch with hollow cathode.
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Fig.1 plasma spraying torch with a hollow cathode.

Fig.2 The photograph of plasma flame of the torch

with hollow cathode.
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Fig.3 V-I characteristics of the plasma torch.
1 g1 =1500 L/h , g2=0, N»

2 q1 =1300 L/h , g2=100 L/h, N,

3 ¢ =1500 L/h, g2=0, A,.

Fig. 3 shows the volt-ampere characteristics of the
plasma torch with hollow cathode under various con-
dittons. In Fig. 3, the curve 1 (g2 = 0) and curve
2 (g2 = 100 L/h) are the volt-ampere characteristics
of the plasma torch for Ng , the curve 3 is the volt-
ampere characteristics of the plasma torch for A;. In
Fig. 3, we can see that the curve 2 is lower than the
curve 1. The reason is that when ¢5 = 0, the arc

root is inside the cavity of the hollow cathode | so

?

the volts of the arc is higher than that when ¢5 > 0.
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Fig.4 The relationship between ¢» and U.
1 ¢1 =1500 L/h, I=200 A, N,
2 q1 =1800 L/h, [=220A, A,



Fig. 4 shows the relationship between the gas
flowrate ¢; in the cavity of the hollow cathode and
the arc voltage U. For the same gas flowrate ¢; and
arc ampere [, the arc voltage decreases with the in-

crease in the gas flowrate g¢2.

3. Calculation of the gas
flowfield

The flowfield inside the torch has been calculated.
The mathematical model is based on the solutions
of appropriate conservation equations which describe
the fluid- dynamical behavior of the plasma moving
inside the torch. The basic assumptions made in our
analysis are as follows: (1) The plasma torch is an
axisymmetric system operating in a steady state; (2)
The plasma is an optically-thin gas in local thermo-
dynamic equilibrium; (3) The flow is laminar and
compressible one with negligible buoyance and grav-
ity effects; (4) The concept of equivalent heat source
is adopted for the arc flow interaction, neglecting the

detatls of the electromagnetic fields.
Modelling equations:

Due to swirling, the main gas has three velocity
components in the axial, radial and azimuthal di-
rections(u,v,w) and three dimensional Naver-Stokes

equations are presented in the cylindrical coordinates

(z, 8, 1):
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where p, p and h are the pressure, density and en-
thalpy respectively; 4, k and c, are the viscosity,
thermal conductivity and specific heat at constant
pressure respectively; S, and Sp are the source
terms accounting for arc heating and radiative loss
respectively.

The governing equations (1)~(5) are numerically
solved by using the finite difference scheme. The
boundary conditions can be specific based on the ge-
ometry, size and operation parameters of our small-
scale experimental facility. In the case without gs,
at the point b (see Fig. 1) , u=0, v=0, w=0, and at
the point a , the velocities were determined by mea-
surement. In the case with ¢z, at the point b, u=0,
v=0, w was determined by measurement, and at the
point a, the velocities were determined by measure-
ment. The source by Joule heating induced the gas
flow in three sections (radial cathode section , radial
anode section and axial central section), the position
of the arc root was determined by the experiment.
The computations have employed an adaptation of
the PHOENICS computing program. The compu-
tational domain is divided into an unequally spaced
mesh of 45 x120 points. Staggered grids are used in
order to overcome the difficulty in calculation of the
velocity field due to the unknown pressure field. The
converged solution can be arrived by the iteration
procedure.

Numerical calculations are performed for the typ-
ical operation conditions: the inner diameter of the

anode is 6 mm; the anode length is 40 mm; the cath-
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This deflection ef-
be pointed out that the vector magnitude is plotted

fect is the mechanism of driving the cathode arc
For the case without auxiliary

stream in the axial direction.

gas, two large opposite vortices in the cathode cavity
are induced by the working gas stream. However, a
small amount of auxiliary gas can result in significant
change in the cathode-cavity flowfield. The auxiliary
gas injected axially from the endwall inlet leads to
the disappearance of induced vortices and the sup-
pression of deflection effect (see Fig. 6).
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Fig.5 Velocity field in plasma torch without auxiliary gas.

It can be seen from Fig. 5 that the main gas in-

ode cavity diameter is 6 mm; the cathode length is
tively are considered in order to show the effect of

downstream but the injected gas near the cathode
side deflects first upstream and then turns down-

working and carrier gas are nitrogen in our system.
The two cases with and without carrier gas respec-

auxiliary gas on the plasma flowfields.

12 mm; the current [
the flow rate of main gas ¢;
the flow rate of auxiliary gas ¢o
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Fig.6 Velocity field in plasma torch with auxiliary gas.
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Fig.7 Temperature field in plasma torch without aux-

iliary gas.

As to the temperature field inside the plasma torch
without auxiliary gas, it is shown in Fig. 7 that there
are three different regions: (1) Low-temperature re-
gion (T" <3000 K) near the main gas entrance ; (2)
Medium-temperature (7" = 3000 ~ 10000 K) in the
radial anode section of the arc column; (3) High-
temperature region (7" >10000 K) in the radial cath-
ode section and axial central section of the arc col-
umn. The introduction of auxiliary gas results in the
formation of cold region in front of the radial cath-
ode section of the arc column (see Fig. 8). In this
hot operation mode, the temperature gradient in the
cathode-arc- root region is much higher than that in

the anode-arc-region.

4. Conclusions

A kind of plasma spraying torch with a hollow
cathode for axial powder injection has been devel-
oped. The results of experimental research and nu-
merical calculation are presented for this kind of
plasma torch. The results show that the plasma
torch can greatly improve plasma-heating efficiency

and offer good prospect for the application in plasma

spraying.
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Fig.8 Temperature field in plasma torch with auxiliary

gas.
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