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ABSTRACT

The total power transfer from the condenser bank, to plasma coaxial
accelerator device is theoretically studied by using the voltage equation of the
entire circuit and applying impulse - linear momentum theorem .This total
power represents a combination of (a) the power flowing to the external
inductance , (b) the power flowing to the inductance of that part of the electrode
system between the breech and the momentary position of the plasma current
sheath,
(c) the power flow ing in the annular space between the two coaxial electrodes, to
form the magnetic field induction, (d) the power flowing to accelerate the initial
mass, (e) the power flowing to accelerate the mass, which has been swept up into
the plasma current sheath, (f) the power, which produces directed kinetic
energy for the plasma current sheath, (j») the power, which produces internal
energy in the plasma sheath, (h) the Joule heating. The peak value of the total
power =6xlO8 watt at t=4 _us, for maximum calculated discharge current
=110KA with a period of 34 us . Experimentally its equal to 3.5xlO8 watt at 7us
and Io =85KA.

The energy flow to the coaxial discharge system has been evaluated
theoretically and experimentally, Emnx (calculated) =5.92xlO2 J at t =5.5;is and
Emax (measured)=3.54xlO2 Joule at 7.5us.

INTRODUCTION

Previous studies of the power and the energy transfer to the plasma coaxial discharge have
shown tliat , at the moment, when the plasma current sheath reached the muzzle, the magnetic energy

U in the gun barrel was given by. U (Joule) = 12.53 zvr/30'5 , where z is the length of the gun, v is
the terminal voltage, p i s the filling gas density and r is the radius of inner electrode[l]. Plasma gun
device (4KJ) ejected two groups of plasma with two different energies, at each half cycles of the
discharge current. The peak electron energy of the successive plasma .was 20 ev and 30 ev for the first
half cycle . For the second half cycle it was equal to 40 ev and 30 ev [2] . Measurements of the floating
potential profiles along the equatorial radius , along the geometric axis of the flux conservcr and the
entry region . for 250 KJ gun injected spheroinak plasma , demonstrated that, there were two regions
of the plasma , the central column of 8 cm in radius in which there was a large dc electric field, it
carried about 50 % of the gun current and the surrounding toroidal plasma where the potential was
almost constant . The total power deposited in the central column was about 7.9 MW and some of this
power was transmitted to the annulus to drive the toroidal current and maintain the sphcromak
structure^] . In a plasma gun device, conducted with 10 KV bank voltage and the discharge took place
in argon gas with pressure of 0.9 Torr. The deposited electrical energy was 178.44 joules, the output
kinetic energy was 18.7 joule and the internal energy output was 0.3965 joulc[4].

The main purpose of this paper is to estimate the power transfer and energy flow to coaxial
discharge system .

EXPERIMENTAL ARRANGEMENT

A schematic diagram of the coaxial accelerator device structure is shown in Fig (1). The outer
diameter of the center electrode is 3.2 cm and the inner diameter of the outer electrode is 6.6 cm. The
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length of the inner and outer electrode is 18.6 cm and 31.5 cm respectively, the two coaxial electrodes
made of stainless steel. An insulation ring is located between the two coaxial electrodes at the breech
end. The coaxial electrodes muzzle end is connected to an expansion chamber made of stainless steel.
The expansion chamber has 23 cm length and 17 cm outer diameter. The energy storage system
consists of two modulus each of four condensers and each condenser of capacity 7.7 l;if is rated at
10KV. These modules are swiched by a pressurized spark gap switch. At charging voltage =10KV, The
condenser bank driving a discharge current of 110KA with period of 34^s. The device is filled with
argon gas at pressure of 0.8mbar.

RESULTS AND DISCUSSION

The power and energy flow through the gas inside the coaxial electrodes are measured, by
using, tlie Rogovski coil and the resistive voltage divider. The calculated value of the total power
flowing out of the capacitor bank to the coaxial discharge system, is estimated theoretically, under the
assumption of the snow- plough model[5] which is adapted for a sinusoidal waveform discharge
current, assuming I=IoSin O)i . It is assumed that, all the gas in the annular space between the coaxial
electrodes, is completely swept by the plasma current sheath i.e tlie mass of the particles inside the
current sheath is equal to the mass of particles in the volume of the discharge tube, behind tine sheath.
For simplicity, dragging forces are not considered.

The total power flowing from the capacitor bank system to the coaxial discliarge system [6] is

given by

P, =LoI I +L,Z 11 + 0.5L,Z I2 + mj. Z + in Z Z Z + 0.5 m Z3 + 0.5 in Z3 + R I2 (1)
Where,

Lo is the external parasitic inductance, its determined when the coaxial electrodes are
electrically shorted, Lo =0.474uH

L[ is the inductance per unit length of the space between the coaxial electrodes, Li =

0.145jiH/m

Z is the axial distance from the breech to the coaxial electrodes muzzle, Z and Z are the axial
plasma current sheath velocity and acceleration respectively,

m is Uie mass of the gas per unit length in the annular space between the coaxial electrodes,
nio is the constant mass of the thin plasma sheath,
I is the discharge current, I=IoSin 0) t, where ^calculated)= 110KA is the peak current and (0 is

the angular frequency and.

R is the electrical circuit resistance, R= 9m Q

For simplicity, equation (1) can be written in the form

P8 (2)Where,
, sin loot

Pi = W I = L0I2 CD (3)
2

It is the power consumed in the external inductance,

, sin loot
P2 = L,Z 11 = LJ 2 Z (O (4)

2
It is the power consumed to the inductance of that part of the electrode system between the breech and
Hie momentary position of the plasma current sheath,

P3 = 0.5L,ZI2=0.5L,ZI2sin2<y/ (5)
It is the power consumed in the annular space between the two coaxial electrodes, to form the magnetic
field induction,

P4 =11^ Z Z (6)
It is Uie power consumed to accelerate the initial mass,

P 5 = m Z Z Z (7)
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Fig (7) Relation between energy flow (measured) and time
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