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ABSTRACT

A coaxial discharge system with negative central electrode has been used to study
the plasma current sheath and the ejected g:lasma parameters. Results showed that
the plasma sheath velocity reached 5 x 10° cm/s at the muzzie. The ejected plasma
velocity in the expansion chamber varied with position z according to the relation
V = k - 2% while the temperature and the density changed as; T=T,.z"g
N = N, -z"* respectively. It has been detected that the plasma current sheath and
the ejected plasma are accompanied with an induced axial magnetic field, which
indicated that the plasma rotates within its propagation. o
The input energy from the capacitor bank to the coaxial discharge system was 196 J,

(Joule), the energy gained by the plasma as kinetic energy was 17 J, while the

plasma internal energy was 5.6 J. Hence 8% of the energy was gained as a kinetic
drift of the plasma.
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INTRODUCTION

investigated the plasma coaxial gun efficiency for both drift and random velocity of

the plasma component [7]. In this study the ejected plasma parameters will be
investigated with relation to the initial discharges.
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EXPERIMENTAL ARRANGEMENTS

The plasma gun system consists of two concentric stainless steel coaxial cylindrical
electrodes and a 6.25 kJ capacitor bank, figure (1). The inner electrode has 200 mm
length and 33 mm diameter while the outer electrode has 240 mm length [8] and 66
mm diameter. A ceramic disk is fixed at the breach and the muzzle is connected to
an expansion chamber with 150 mm diameter and 230 mm length. The system is
fixed with vacuum pump and gas leakage control unit. Diagnostic instrumentation
includes electric and magnetic probes, capacitor voltage divider, and pick-up loops.

RESULTS AND DISCUSSION

For capacitors charging voltage of 10 kV, the discharge current reached its peak
value of 28 kA within 6.8 us. Magnetic probe and a miniature Rogovsky coil showed
that the plasma sheath is formed at the start of the discharge within 50 ns. The pick
up coil around the outer electrode measures the induced axial magnetic field
attached to the plasma current sheath [9). The time of arrival of the plasma current
sheath at several positions in the axial phase is shown in figure (2). ,
The velocities of the plasma current sheath, from the derivative of positicn — time
relation, are shown in figure (3). The pick-up loop measurements showed that the
velocity of the plasma current sheath increases from the start of the discharge up to
2.8 s to reach 10° cmis then decreases to a constant velocity of 0.46 x 10° cm/s up
to the muzzle. Figures (2 & 3) show differences between the measurements of the
pickup coil and the magnetic probe. This is due to that the pickup coil measures the
axial magnetic field of the rotated current while the magnetic probe detects the
azimutal magnetic field at the back of the current sheath. This can be used in
determination of the current sheath thicknass of the plasma current variation with its
motion figure (4).

The plasra current sheath was sjected from the muzzle with velocity of 0.46 x 10°
cm/s, figure (3). Electric probe and magnetic probe measured the ejected plasma
velocity variation with distance. Results showed, figure (5), that the sjected plasma

flow velocity decreased within propagation in the expansion chamber according to
the relation:

V=k.Z%

The ejected plasma temperature and density at the muzzle, obtained from the single
probe characteristic curves, are 7.5 eV and 8 x 10" cm™ respectively.

The plasma electron temperature and density variations with position are shown in
figure (6).

The results showed that:

T=To-2™ &N=N;-z'2



Proceedings of the 8" ASAT Conference, 4-6 May 1999 Paper PR-06 153

The deposited energy by the capacitor bank sheath motion to the muzzle, from
voltage and current measurements, was 196 J. The calculated kinetic energy gained
by the sheath was 17 J, while the Plasma internal energy was 5.6

CONCLUSION

In a coaxial plasma gun the plasma current sheath structure investigations
showed that it rotates around the coaxial electrode. Its velocity increased by the
increase of the Lorenz force then decreased due ta the increase of its mass to reach
a constant value of 5 x 10° cm/s up to the muzzle. The estimated kinetic energy

radiation, and the ionization of the Argon gas.
The plasma propagation velocity in the expansion chamber follows the:

relation: V = k - ® . This indicates that the ejected plasma sheath expands |

adiabatically in a cylindrical form.
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Figure (2) Current sheath position-time relation.
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Figure (3) Plasma current sheath velocity versus position.
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Figure (4) Plasma sheath thickness versus distance,
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Figure (5) Ejected plasma velocity variation with distance.
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Figure (6) Ejected plasma density and temperature variation with distance.
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