
HAL Id: jpa-00249569
https://hal.science/jpa-00249569v1

Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Regimes of Arc Plasma Flow at Low Pressure
A. Kamiñska, M. Dudeck

To cite this version:
A. Kamiñska, M. Dudeck. Regimes of Arc Plasma Flow at Low Pressure. Journal de Physique III,
1997, 7 (1), pp.195-209. �10.1051/jp3:1997119�. �jpa-00249569�

https://hal.science/jpa-00249569v1
https://hal.archives-ouvertes.fr


J. Phy8. III France 7 (1997) 195-209 JANUARY 1997, PAGE 195

Regimes of Arc Plasma Flow at Low Pressure

A. Kamifiska (~) and M. Dudeck (~i*)

(~) Institute of Electric Power Engineering, Poznafi University of Technology,
60965 Poznafi, Poland

(~) Laboratoire d'A6rothermique du CNRS and Universit6 de Paris 6, 92190 Meudon, France

(Received lo May 1996, revised 8 October 1996, accepted 15 October 1996)

PACS.52.50.Dg Plasma sources

PACS.52 75.Hn Plasma torches

PACS 52.80 Mg Arcs, sparks, lightning

Abstract. The subsonic plasma jets with the diffusive shapes and super30nic cylindrical jets
in argon and nitrogen in low pressure chamber using the plasma torch with segmented anode

were generated. These plasma flow regimes
are

obtained for specified conditions of plasma
torch operating parameters and pressure in chamber. Based

on
the LTE assumption, simple

calculations have been performed for predicting the conditions of generating supersonic and

sub30nic plasma jets. These calculations allow to analyse the temperature, velocity and shape
of plasma jets for operating parameters of plasma torch such

as arc current, gas flow rate and

pressure in the chamber. The energy transfer for subsonic and supersonic jets is also calculated

and discussed.

R4sum4. Des jets de plasma, subsoniques
avec une

forme di?usive
ou

supersoniques et

cyhndriques ont AtA obtenus avec de l'argon et de l'azote dans une chambre I basse pression
utilisant une source h plasma avec une anode segmentAe. Ces rAgimes d'Acoulement sont obtenus

pour des conditions spAcifiques de pression dans la chambre et de fonctionnement de la source.

I partir de l'hypothAse d'6quilibre thermodynamique local, uu
simple calcul a

moutr6 que l'on

pouvait d6fiuir les conditions permettaut d'obteuir des jets soit subsoniques soit supersouiques

et aualyser la temp6rature, la vitesse et la forme des jets de plasma pour diIf6rentes conditions

de fouctionnement de la source en intensit6 du couraut d'arc et en pression dans la chambre. Les

transferts 6nerg6tiques pour des jets subsoniques et supersoniques ont 6t6 calcu16s et discut6s.

1. introduction

Plasma torches have become very important for many industrial application8 such a8 pla8ma

spraying, powder processing, welding, cutting, waste treatment, gas pollution and for aerospace

researche8, mainly to provide a test-environment for thermal loading of materials for the sim-

ulation of re-entry conditions by a space vehicle through upper atmospheric region8. The

plasma torches using an electric arc allow to produce stationary and ionized gas at low pres-

sure, between 10 and some thousands Pa with a temperature lower than 2 eV. A wide range of

technological variations in plasma torch is available to influence the plasma properties, such as
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divergent or
cylindrical anodes, magnetic stabilization fields, vortex, ca8caded arc The plasma

can be produced using arc operated for a wide range of currents (5-4000 A)
In this paper, we present different regimes of plasma flow obtained in low pressure chamber

using a plasma torch with segmented and cylindrical anode. We show the possibility to obtain

the subsonic plasma jets with the diffusive forms and supersonic cylindrical jets with argon

or nitrogen. The different plasma jets are obtained for specified conditions of plasma torch

operating parameters and pressure in chamber. In our experiments we use arc currents between

80 and 300 A with pressure of10 to 100 kPa. For these conditions the electron density in

the arc and in the core of plasma jet determined from Saha equilibrium equation is around

10~~ m-3. It is mostly agreed, that LTE should occur for electron number densities higher
than 5 x 10~~ m~3 11, 2]. Because this criterion is usually valid in the core region of a high-

current arc, it has been usually considered that for high-current arcs, the plasma in the core

region of the arc18 generally in LTE [3-5]. Although the electron number den8ity18 higher
than minimum density for which LTE exists, the departures from LTE have been ob8erved

for high speed plasma jets [6-8]. However, experimental and theoretical investigations [9-1Ii
allow to assume that for considering conditions of temperature, velocity and pres8ure, the

plasma is closed to LTE. Therefore, based on LTE assumption, simple calculations have been

performed for predicting the conditions of generating supersonic and subsonic plasma jets.
These calculations are used to analyse the temperature, velocity and shape of plasma jets for

operating parameters of plasma torch such as arc current, gas flow rate and pressure in the

chamber. The energy transfer for subsonic and supersonic jets is also calculated and discussed.

It is shown that the energy balance is sufficient to describe the gas in the plasma source,

without solving the total set of equations [10, iii.

2. Description of the Plasma Torch

The experiments were carried out with a vortex stabilized plasma torch (Fig. I). The cathode

is a 8 mm long, 6 mm diameter tungsten rod, mounted on a water-cooled support. The cathode

is movable in the plasma torch by the intermediary of screwed device allowing the adjustment
of the distance between anode and cathode. The channel of the plasma torch is composed
of water-cooled cylindrical segments made of copper, with an inner diameter of 12 mm and

a length of 30 mm. The segments are insulated from each other by discs with tangential gas

injection channels. The tangential gas injection produces a vortex effect in the plasma torch

channel that stabilizes the plasma arc. Different gases can be injected through the insulating
discs. The electric arc is initiated between the cathode and the anode or between the cathode

and one of the segment, thus allowing to choose the arc length.
The plasma torch is mounted on a low pressure chamber with a length of 540 mm and an

inner diameter of lls mm

3. Analysis

3.I. TEMPERATURE AND VELOCITY OF PLASMA JET. The different tests have led to

the conclusion that the best conditions for the stationary plasma jet production are obtained

with an arc of a length of some millimeters formed between the cathode and,the first segment
and for a jet stabilized in the chamber of the plasma torch constituted by several segments.
For the description of the arc and the jet located in the chamber of the plasma torch several

simplifications are assumed. The energy distribution function of all particles is isotropic.
The arc and the jet are formed in the core of the vortex where the pressure is constant and

the column of arc and the jet is cylindrical. In this zone, the flow can be considered as
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Fig. I. Experimental plasma source set-up.

laminar (Reynolds number is between 200 and 300). The dilserent processes are stationary and

thermodynamical equilibrium is obtained in the arc
(thermal balance one local temperature

for all particles and chemical equilibrium due to the pressure). With these assumptions,
the temperature of

arc and plasma jet can be calculated using energy equation for a single
component gas. The stationary local energy equation (without axial thermal conduction) is:
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where: T is the temperature, E is the electric field, p is the density of the gas, cp is the specific
heat at constant pressure, J is the thermal conductivity,

a is the electric conductivity; vz and

ur are the components of the velocity in the z direction (axis of the channel of the plasma
torch) and in the

r
direction (radial axis), ur is the radiation loss. In the arc and in the part

of the plasma jet located in the core of the vortex, axial convection is preponderant compared

to the radial convection because of thermal gradient and the axial velocity Vz » Vr. It can be

neglected in equation (1). If we assume an uniform profile for puz at the channel entrance of

the plasma torch and parallel streamlines of flow in the core of the vortex, we obtain from the

mass balance condition

pv~ =

G/~r) (2)

where: G is the mass flow rate, rc is the radius of the channel of the plasma torch. This

assumption presents the advantage to introduce the possibility of solving independently the

energy balance of local mass balance equation. The axial electric field component E is given
by

I
E

"
rc

2~ aTdT

where I is the arc current.

Introducing a heat flux potential defined by the relation dS
=

~dT and the velocity of the gas
determined by (2), the temperature distribution m the arc and m the jet can be derived from

the equation ~
~~

~
~~ ~~ ~ ~~~~

~~~

where e =
1 for the arc and e =

0 for the plasma jet in the channel in the region without

electric field. The energy equation is solved using a regular and orthogonal grid in T and
z

coordinates. Following relationships are applied connecting the physical gas properties a, ur

and the ratio cp/~ to the heat flux potential for each step of the grid:

~ ~81,j
'

~~ ~@,j
' ~

~p2,j'

The solution of stationary energy equation (3) for the arc and for the plasma jet needs the

boundary conditions for the variable S and the partial derivative 35/3T. The four boundary
conditions are specified:

. symmetry axis of the arc and the plasma jet:
~~

(o, z)
=

0,
fiT

.
wall temperature condition: S(Tc, z)

=
0 using a reference condition (S

=
0) for the con-

stant wall temperature,

. energy boundary condition at the cathode surface: S(r, 0)
=

~J(r) with

§J(T) =

~~
(a~ r~) for 0 < r < a

4a
~J(r)

=
0 for a < T < T~

where: j is the density of current on the cathode, a is the radius of the cathodic spot, ac

is the electric conductivity of the gas closed the cathode, considering as constant value deter-

mined for
r =

o,
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.
condition of continuity between the two zones in the channel (arc and jet)

s(T, Zjet "
oj

#
s(T, Zarc "

tarc) for o < r < Tc

where (arc is the length of the arc. This length corresponds to the distance between the cathode

surface and the first segment.
The cathode boundary condition assumes that the energy in the boundary layer is radially
dissipated in the gas. Using 2 x

lo? A m~~
as a constant current density j through the

cathodic spot [12,13j we determinate the radius
a of the arc spot as a function of the arc

current.

The iolution of equation (3) can be represented as a series of Bessel functions multiplied by

an exponential function:

S(r, z)
=

jj
R~jr)Z~(zj (5j

where:

and

p~
=

a~i,~eE~ am,~ + q$.

By application of the boundary conditions one obtains:

Sir, 3)
= exP (fl~ la~,.j5E~ l~~,j)zj ~j And exP ~- £~

z) Io ~)" r) 16)
>J

~i ~,J

c

where- Io and l§ are Bessel functions of order zero of the first and second kinds, respectively,

~~ are roots of equation Iol'f"
"

0. The coefficients Anb are obtained from cathode boundary
conditions for arc and condition of continuity between the two zones in the channel (arc and

jet) for plasma jet; one finds that

~
2J~r)

~ ~f(Ii(~n)aca

and
b

=
1

~ ~

for arc

b
= exp

~~~~~~~
am ~E~ aui

~
~) for plasma jet

Gap?>) ' ' rc

The heat flux potential distribution of arc and plasma jet (6) are calculated simultaneously
with a computation of the physical properties expressed as a function of the heat flux potential
and the pressure. The thermal conductivity is calculated as a sum of three components: the

thermal conductivity due to the particle translational energy, the thermal conductivity attached

to the internal molecular energies and the thermal conductivity fraction which is due to the

various chemical reactions (dissociation, ionization). The translational thermal conductivity
is calculated using the second approximation of the Chapmann-Enskog method [14]. The

reactive contribution is determined using the theory of Butler and Brokav [15j as extended to

the case of partially ionized gases and internal thermal conductivity is calculated by Eucken

method [16]. The dilserent integrals of collisions have been determined by means of a potential
of typical rigid spheres for neutral-neutrals interactions, dipole for ion-neutrals and electron-

neutral interactions [14] and Debye for charged-charged interactions [17,18j. The gas density is
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obtained using an ideal gas model. The specific heat coefficient at constant pressure is evaluated

by a numerical differentiation of the total enthalpy which is the sum of the enthalpies of

molecules, atoms, ions and electrons. The calculation of the specific heat coefficient at constant

volume cv, necessary for the calculation of the velocity of sound us [19j and to discriminate

between the subsonic and supersonic regime of the flow, has been derived from a numerical

dilserentiation of the internal energy determined from the enthalpy. The electric conductivity
has been calculated from the expression [20j using the electron density, determined from the

Saha law for equilibrium conditions. For argon. the radiation power in the energy equation has

been calculated from the sum of the contributions of free free radiation, line radiation and

free bound radiation [10]. For nitrogen, the emission coefficients deduced from the curves of

reference [21].

3.2. ENERGY TRANBFER. In order to evaluate the global energy distribution in the channel,

the total electric input and radiation energy, the anode heat exchange and input and output

convective energy are evaluated. These quantities are calculated by summing the values at

each element of volume determined by indices i,j.

The arc plasma is created by Ohmic heating of the gas due to the current flowing hetween

the cathode and the anode. Ohmic heat input is:

ia,c r~

Qohm
"

aE~dV
=

2~E~ a(T, z)rdrdz

~~~~ ~ ~
aai,j

f
A~b

~~Pi,J

~ ~ ""I

~~~ ~ ~~l (~Ui,J a~~,~ eE2

~~ 1,~+f2 + ~T~ law,
j

~ai,3~
zx exp ~

Go
i,-1P~'3

x
~~

rli
'~"

r

~~

~~~
'f" Tc

rj i

The absorption can be considered as negligible in the core of the plasma [22] and a strong
absorption appears in the cold boundary layer along the wall, In this simple model the heat

loss by radiation is calculated taken into account emission but not absorption. The total heat

loss by radiation is then determined by the expression:

tic r~

Ur
=

/
urdv

=
2~

/
ur(r, z)Tdrdz

0

=
~~ ~ ~

~

f
~ ~

~~Pi,J
~~'~ ~ ~'f( + ~T) (am,

j
a~i,j 5E2

2 J n=

~'f( + ~T) (am,j a~i,j5E~ ~'

x exp z~~Pi,J
i,_~

x
~~ rli

'~~r) ~~

(~)
'f" Tc

rj-i

For calculation of conduction heat transfer, the anode is considered as thin walled ring. The

exterior surface is water cooled, and the interior surface is heated by the arc. The heat flux
on

the surface is-

~~°~~ ~~~~ ~~~
~~~
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so the total conduction heat transfer in the anode is given by:

~at~ fi S(f Q)~C°~d
~

~~~~C fi' ~~
~

~
~~ ~ ~ f

~ ~
~~P~'j

~ j ~=i

~

~~~% ~ ~~~ ~~2~l>j ~~~'j ~~~

~r~2 + ~r~ lam
j

aai J5~~~ ~~

x exp (- ~ ~

Ga~ ~

P~>3 ~~~~

X'fnii '~~T
~~

(10)
~c

rj-I

The convective heat flux passing through the surface for z =
0 and

z =
iar~ takes the form:

~ /~~ ~ y~~~
2G

/~~ cplr,z)~j~ ~~~~~~°~~

~

~ ~ r)
o

J(r, z) '

i~

=

~~ ~j ~j f
A~bapi

~
exp (-

~~~ ~ ~~~ ~~~~'~ ~°~'~~~~ j
~ Ii

'~~
r)

~~

r~ ' Gapi,~ ~f~ r~
~

i J n=
~_~

J-

(11)

In the balance energy equations the difference between heat flux passing through the surface

for
z =

0 and heat flux through the surface z =
lar~ is taken into account.

3.3. METHOD oF CALCULATION. The heat flux potential distribution (6) is determined

with three subroutines and a main program. The POTENTIAL subroutine calculates the coeffi-

cient J and the heat flux potential S as a function of the temperature and the pressure. The

subroutine PROPERTY calculates parameters cp, cv, p, us and
a as a function of temperature

and the pressure. The internal energy is also calculated by this subroutine. The COEFFICIENT

subroutine gives an approximation for coefficients ap, au and a~ by a constant value or by a

linear approximation in each interval zhS of the heat flux potential.
The main program PAPYRUS has three functions:

1) determination of the boundary conditions for the jet from the energy equation of the arc,

2) calculation of the field S(z, r) and the velocity field in the plasma jet and the field of tem-

perature,
3) calculation of energy transfer using the fields of heat flux potential in the arc and in the

plasma jet.

In the calculation of fields, the arc is divided following its length in n equal parts and

following the radius in p equal parts, forming thus n x p identical elements of volume. First,

the heat flux potential distribution is determined in the section of the arc for
z =

0. By using
this distribution of ~J(r), coefficients ap, ar and a~ had been chosen for j =

1 and1= 1, p.

The heat flux potential is then calculated, coefficients being modified at each step of the grid.
Calculated profiles at the extremities of the arc are used to initialize the calculation in the

plasma jet. Using the same grid following the variable r the heat flux potential distribution in

the plasma jet is obtained. Next the energy transfer is calculated applying the fields of heat

flux potential in the arc and in the plasma jet.
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Fig. 2 Ellipsoidal subsonic plasma jet, argon, 26.6 kPa, 70 A, 0.4 g
s~~

4. Regimes of Flow

Experiments have been performed with argon and nitrogen for different mass flow rates, be-

tween 0.04 g s~~ and 1.2 g s~~, and for a static pressure measured in the chamber of the

plasma torch in the range of lo-loo kPa. The arc currents have been in the range of 80-

3oo A. The velocity, temperature and energy transfer have been calculated and discussed for

the experimental conditions.

It should be noted that the calculated temperature is function of the current density on the

cathode surface. A change in current density by a factor 2 induces a change in temperature at

the cathodic region by about 35$lo. However, the difference of temperature at the torch exit is

less important and is estimated to be 15%. The results show that the variation of 20% on the

value of the electric field induces only a variation of 5%
on the temperature in the developed

arc region. Because of that, the calculated distributions depend on arc current and'arc voltage
determined by experiments.

4. I. SuBsoNIc PLASMA FLow. At a higher mass flow rate then Q-I g s~~ the flow remains

subsonic for the used range of arc current. The shape of the plasma jet is similar to the jet
showed in Figure 2 for an arc current lower than 90 A, or with an identical shape as presented

in Figure 3 for an arc current higher than 90 A. For low arc current, the jet has quasi-ellipsoidal
contours. For high arc currents, a luminous core appears and the shape of the subsonic plasma

jet is then always conical until its interaction with the wall chamber in quartz. The increase

of the arc current for the following range of mass flow rate, o-I g s~~ 0.5 g s~~, induces an

increase of the diameter of the luminous core while its length remains quasi constant. For a

mass flow rate up to o.8 g
s~~, not only the diameter of the luminous core increases considerably

with the increase of the arc current but also its length. For experimental conditions for pressure,

mass flow rate and arc current, there is no shock wave in the plasma jet confirming the subsonic

velocity of the flow. The argon arc voltage is decreasing from 42 V to 28 V and the electric

power is quasi linear rising from 3 kW to 8.2 kW for the argon arc.

The calculated temperature and velocity distributions in jet at the plasma torch exit is

presented in Figure 4 for a pressure m the chamber of 26.6 kPa and for a mass flow rate of

o 5 g s~~. The temperature is increasing from 6220 K to 12500 K on the plasma jet axis

jr
=

o), for an arc current varying from 80 A to 280 A. It should be noted that the increase of
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Fig. 3 Conical subsonic plasma jet, argon, 26 6 kPa, 190 A, 0A g
s~~.
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Fig 4. Temperature and velocity distributions at the plasma torch exit

the arc current induces the appearance of a uniform zone in temperature greater, in the order

6 mm of diameter for an arc current of 280 A. The ~<elocity on the plasma jet axis is increasing
with the arc current from 210 m

s~~ to 430 m
s~~ and the Mach number increase from o.15 to

o.27 (Fig. 5). The increase of the mass flow rate induces an important increase of the velocity
from 430 m

s~~ to 930 m
s~~ for an arc current of 280 A and the Mach number reaches o.6

(Fig. 5). This effect is explained by relation (2) where the velocity is proportional to the mass

flow rate but also by the variation of the mass density due to the variation of the temperature;
the increase of the mass flow rate entailing a growth of the temperature. This influence of the

mass flow rate to temperature is explained by the variation of the power transmitted to the

arc.
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The calculations of energy transfer show that radiation loss is most important for the arc

current of 200 and 250 A. For these values of arc current the radiation loss is respectively 82%

and 86% of the Ohmic heating. The conduction heat transfer in the anode is below 15%. The

radiation loss decreases with arc current and for the value of160 A we estimate as
20.6%.

The convective heat flux passing through the surface for
z =

tare increases from 736 W for arc

current of160 A to 1166 W for current of 250 A.

Plasma jet exiting the channel of the plasma torch is characterized by a luminous core.

With assumption that this core corresponds to a temperature up to 6000 K, it is possible to

compare the diameter of the calculated core and the diameter deduced by photography. The

limit to 6000 K is chosen by reason of the sharp decrease in the electric conductivity to this

temperature. Figure 6 shows the good agreement between calculated results and measured

results. It can be seen that the diameter increases with the arc current and that mass flow

rate has no significant influence on this diameter.

Nitrogen plasma jets have a similar shape as argon jets but for an arc current up to 120 A,
they present a core more luminous than for argon and have a length equal to that of the quartz
cylinder. For nitrogen, the arc voltage is decreasing from 65 to 30 V and the electric power is

quasi linearly increasing from 5.9 to 11.2 kW.

For a pressure in the chamber of 26.6 kPa and for a nitrogen mass flow rate of 0.5 g s~~, the

calculated temperature (Fig. 7) is increasing from 7200 K to 12 000 K at the plasma torch exit

and on the jet axis jr
=

0) for an arc current varying from 120 A to 280 A. The argon plasma
temperature is higher than the nitrogen with a difference of1000 K although the electric power

is lower. The nitrogen plasma velocity on the jet axis is varying from 350 to 610 m
s~~ (Fig. 7)

while being superior to that of argon, at an arc current of 280 A, it is 610 m
s~~ in nitrogen

and 430 m
s~~ in argon. Mach numbers vary from o.24 for a mass flow rate of o.5 g s~~ to

o.68 for a mass flow rate of1.1 g
s~~ (Fig. 8) A calculation of the radius of the plasma jet for

the two values of mass flow rate: 0.5 and 1.1 g s~~, shows a good agreement with experimental

measurements (Fig. 9).

4.2. SUPERSONIC PLASMA FLow. For a pressure in the chamber of 10.6 kPa, a mass flow

rate of 0.04 g s~~ and for arc current up to 180 A, a cylindrical plasma jet has been observed

with a diameter corresponding to the diameter of the plasma torch exit (Fig. 10). The luminous

part of the jet is approximately
m

long. In an intermediate configuration for the jet, a first
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cylindrical part at the plasma torch exit then a conical part (Fig. ii are observed. It should

be noted that cylindrical jets are more easily obtained with argon compared to nitrogen. For

example, with a longer nitrogen arc
(between the cathode and the second segment ), a cylindrical

plasma jet is not obtained while argon jets take this form for more high currents. The passage

to the cylindrical form of the jet is often associated to an erosion of the cathode, this erosion

is not observed in the case of the stable cylindrical jet.
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Calculations for experimental conditions in which cylindrical jets are obtained, have shown

that for thq cylindrical jet at the plasma torch exit in a first part and then conical in a second

part, the velocity is approximately equal to the sound velocity. Cylindrical jets correspond to

light supersonic flows since the calculated Mach numbers are between 1.04 and 1.08, velocities at

the plasma torch exit are between 1750 m
s~~ and 2150 m

s~~ and temperatures are between

9800 K and 13 800 K for nitrogen (Fig. 12). One should note that the temperature for

supersonic cylindrical jets is superior to the temperature of subsonic jets. Both experiments

and calculations shown that the region with a strong thermal gradient that is situated between

the high temperature core and the surrounding cold region is very thin.
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Fig. 10 Supersonic plasma jet, M m I, argon, 10.6 kPa, 180 A, 0.08 g
s~~.

Fig ii Supersonic plasma jet, M > I, argon. 10.6 kPa, 280 A. 0.04 g
s~~.

The calculations of energy transfer show that in supersonic regime, the radiative terms are

small compared to subsonic regime. In the argon arc, the calculated radiation loss presents
44% of the Ohmic heating for arc ciirrent of 280 A and only 7$lo for arc current of18o A. The

convective heat flux through the surface for z =
(arc is 3881 W for arc current of 280 A and

1156 W for current of18o A.

5. Conclusions

The subsonic plasma jets with the diffusive forms and supersonic cylindrical jets in argon

and nitrogen in low pressure chamber using the plasma torch with segmented anode were

obtained. The different regimes of plasma flow are obtained for specified conditions of plasma
torch operating parameters and pressure in chamber. Based on the LTE assumption, simple
and successful calculation have been performed for predicting the conditions of generating
supersonic and subsonic plasma jets using only energy equation. These calculations allow to

analyse the temperature, velocity and shape of plasma jets for operating parameters of plasma
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a

cylindrical jet at the plasma torch exit.

torch such as arc current, gas flow rate and pressure in the chamber. The energy transfer for

subsonic and supersonic jets is also calculated and discussed.

The results show that cylindrical jets correspond to light supersonic flows with the Mach

numbers between 1.04 and 1.08. The subsonic jets have diffusive shape and the Mach number

is below o.6. The temperature for supersonic cylindrical jets is greater than the temperature of

subsonic jets. The calculations of energy transfer show that in supersonic regime, the radiative

term is small and axial convective heat flux is large compared to subsonic regime.

We have shown the possibility of a simple analyse of a plasmatron by the energy equation.
However, a necessary precise validation is planed to confirm the temperature profiles by optical

emission spectroscopy.
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