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Figure 1. 5: Appearance of argon arc plasma [Tana-1§ Figure 1. 4: Schematic of free-burning arc [Tana-1]




by [Cram-1] and[Snyd-1] for the arc fringes

1.6 Plasma Properties

The thermodynamic and transport properties required for the arc model represent one of
the most important input data-structures. Such a database is needed for any plasma modeling
activity. In this section a brief overview of such properties of an argon plasma at atmospheric
pressure is presented. In the case of LTE these properties can be expressed as function of

temperature.

1.6.1 Equilibrium Properties

Calculations of plasma properties under LTE are rather straightforward, because both
electrons and heavy particles have the same temperature while this temperature determines

the plasma composition.

1.6.1.1 Plasma composition

The chemical composition of a plasma in thermodynamic equilibrium (or LTE) can be
obtained by solving a system of nonlinear equations (the mass action law, the ideal gas law
and the condition for charge neutrality) if the partition functions of the various species are
known.

In this study we use the Argon plasma composition given by Boulos [Boal-1]. The
plasma is primarily composed of argon atoms, ions, and electrons (AArArAr™"and .



/

Figure 1. 6: Temperature dependence of the composition (species number densities) ¢

argon plasma at atmospheric pressure [Boul-1].
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Table 2. 1: Boundary conditions for the LTE model.
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Figure 3. 1:Measured and calculated isotherms of free-burning argon al

(1= 100 A, d =10mm).




Figure 3. 2:Comparison between our calculated isotherms of free-burning argon arc a

Hsu model (1= 100 A, d =10mm).
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Figure 3. 3:Axial temperature of free-burning argon arc, (I= 100 A).

Figure 3.4 represents the velocity along the axis AB. We note a maximum of 4b@tm.s

3 mm below the cathode-tip. Then, the velocity deceases rapidly to become zero at the anode.
We have not done a comparison of velocity profile with other works, the reason almost of
works in free-burning arc in argon is performed with an electrical current of 200 A, and in our
model, we are limited with a maximum of current 100 A with this geometry of cathode,
beyond this value of current, the temperature exceed 30kK, and our data base of
thermodynamic properties is limited to 30 kK.
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Figure 3. 4:Axial velocity of argon free-burning arc, (1=100 A).

Table 3. 1: Maximum of velocity in free-burning arc of argon (200 A).

Figure 3.5 represents the current density along the axis AB. At the cathode-tip, the
value of current density,dy corresponds to the equation (2.28), whethed wi0H\/m?.
The current density is very high near the cathode-tip, but decreases rapidly with increasing
distance from the cathode. This current density represents the electric current peauniit ar
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Figure 3. 5:Current density of argon free-burning arc, (I = 100).
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Figure 3. 6:Electric potential of argon free-burning arc, (I= 100 A).
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Figure 3. 7: Axial velocity, temperature and over pressure distribution in free burning arc at 1atm,
100 A

Figure 3.8 shows the centerline distribution of the electric field, the current density, and
the electrical potential with 100 A current. The current density is very high near the cathode
tip but decreases fast away from the cathode. Since the arc core is almost partially ionize
The electrical conductivity at the centerline decrease slightly. Therefore, the curves of the

electric field strength and of the current density are similar.



Figure 3. 8: Electric potential, electric field and current density distribution in free burningyan
arc at 1atm, 100 A.

3.2.3 Analysis of results

To explain the different phenomena observed previously, figure 3.9 represents the
vector of current density near the cathode-tip, there are two components axial and radial of
current density. We observe a maximum value of current density on the segment AG1

(cathode-tip) of 3.54x
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Figure 3. 13: Temperature changes along axis (different currents).

Figure 3.14 shows the potential along the axis. It can be seen that with the increase of
the current, the potential of cathode decreases, i.e. the voltage of the arc increases, the
potential drop in 100, 70 and 50 A'is 11.4 V, 9.7 V and 8.7 V respectively. It can be noticed

that all the curves become steeper near the cathode (3 mm), which indicates a sharp cathode
potential drop.
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Figure 3. 16: Velocity changes along the axis (different currents).

With the increase of the current, temperature, voltage drop, and both the axial and radial
current density also increase, then, the electromagnetic forces increases too. These forces
occur exclusively in the momentum conservation equation, yet it is this equation that

determines the velocity fields, that explains the flow increase.



Table 3. 2: Summary of the essential result in argon.

3.3.2 Influence of the nature of gas

Figure 3.17 shows the velocity along the axis AB in argon and air free-burning arc
with different value of current. We note a maximum of velocity is at z = 3 mm below the
cathode-tip, this maximum equal to 217 This argon gas and to 282 ni.; air gas with 70
A, and equal to 90 nmi'sin argon gas and to 97 rit.&n air gas with 50 A. Then, the velocity
deceases rapidly in both gases to become zero at the anode.

The difference observed between the axial velocity in argon and air may be caused by

electromagnetic forces, th&H &
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Figure 3. 17: Axial velocity with different current (Air/Argon).
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Figure 3. 18: Electrical conductivity (Air/Argon).

Figure 3.19 shows the temperature along the axis AB in argon and air free-burning
arcs. In both gases, the maximum of temperature is at z = 3 mm below the cathode-tip, this
maximum equal to 23.7 kK with 70 A, the profile of temperature is the same is argon and air
gas with 50 A and the maximum of temperature at z = 3 mm equal to 19.6 kK. Then, the
temperature decreases in both gas along the axis, and at z = 12 mm near to the anode, the

temperature decreases little to become 10 kK at the anode.
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Figure 3. 19: Axial temperature with different current (Air/Argon)

Figure 3.20 shows the isotherms for different electric currents and gases. It can be seen
that the results are different according to current values and gas nature.

The highest temperatures, around 23.7 kK, are all in the centre of the arc near the
cathode (between coordinates 2 and 4 mm) in 70A with both gases argon and air, and about
19.6 kK with 50A in argon and air. The arc plasma shows a contract state owing to
electromagnetic force and temperature decreases along both of the axial and radial directions
from the centre of the arc.

The temperature changes along the axis are indicated in figures 3.19 and 3.20. We
observe that the temperatures along the axis are higher in argon than in air. To explain this

behavior of temperature in both gases, we look to the net emission coefficient figure 3.21.
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Figure 3. 21: Net emission coefficient (Air/Argon).




Figure 3. 22: Electrical conductivity (Air/Argon).

Figure 3.23 shows the electrical potential along the axis AB in argon and air free-
burning arcs. In both gases we observe a voltage drop in the column of arc of 10.1, 9.7 V
respectively in air and argon with 70A and 8.7, 9.4 respectively in argon and air with 50 A.

As previously mentioned, the cooling processes occurring in the plasma are higher in
air than in argon. Even if electrical conductivity in air seems to be slightly higher for air, the
global losses have to compensate by a higher electrical input power, which explains the higher

voltage drop observed when arc is created in air.
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Figure 3. 23: Electrical potential of different current (Air/Argon)

We have to focus that using air in such a device, i.e. TIG, is not realistic as metallic
electrodes, especially the cathode, will be rapidly consummated by oxygen. We have done it

because this work is a first step to a more detailed modeling on small transient arc discharge
in air.

3.4 Conclusion

Initially, we have performed a free-burning arc numerical simulation in argon at 100
A. The objective of this simulation was to compare our results with those obtained by Hsu et
al [Hsu-1], experimentation and modeling. A detailed analysis of various quantities concluded
about the validity of our model. From there we have deepened our study with the analysis and

the influence on the characteristic of thermal plasma as the influence of nature of gas and
current.
















































d its reliability. First, as it

performed with only one line profile, there is no need of spectrum calibration. All thg

can be done with relative intensity spectra if the same recording parameters a

Moreover, there is no need of transition probabilities to calculate the temperature
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Figure 4. 15: Evolution of the temperature along the axis-comparison Model/Experience.

In order to have a view of the entire radial evolution of the temperature, we present two
comparison, model/experiment and experiment/experiment.



Figure 4. 16:Measured and calculated isotherms of free-burning argo

arc, (1= 100 A, inter-electrodes distance =10mm).




Figure 4. 17:Measurement isotherms of free-burning argon arc, ( 1= 10

A, Z =10mm).




Figure 4. 18:Measurement isotherms of free burning argon arc, ( I= 20(































