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ACCELERATION OF MAGNETIZED PLASMA RINGS®
Charles Hartman, J. Eddleman,** J.H. Hammer
Lawrence Livermore National Laboralory
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Livermore, California. -94550
Introduction
In an earlier publication, we considered acceleration of plasma
rings {Compact Torus). Several possible accelerator configurations
were suggested and the possibility of focussing the accelerated rings
was discussed. In this paper we consider one scheme, acceleration of
a ring between coaxial electrodes by Be field as in a coaxial
rail-gun. If the electrodes are conical, a ring accelerated towards
the apex of the cone undergoes self-similar compression (focussing)

during acceleration. Because the allowable acceleration force]

2

F.o= num/R (< < 1} increases as R™“, the accelerating distance

3
for conical electrodes is considerably shortened over that required
for coaxial electrodes. In either case however, since the accelerating
flux can expand as the ring moves, most of the accelerating field
engrgy can be converted into kinetic energy of the ring leading te

high efficiency.
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FIGURE 1: Geometry and Circuit., Here Lg 5 I In [tan u; }(po ).

Equations of Motion

We consider a ring between electrodes as shown in Fig. 1. Since
the ring approximately conserves flux wp, wT during acceleration,
and since p << 82/2 By S0 that BT i Bp, it is readily
seen that the aspect ratio a/R remains constant as R changes. We note
that the net accelerating force an the ring is due to the B, field
behind the ring, Fg, = (dL /do) (1%/2) and the component of
the equilibrium force along the cone, Eeq P U /o The
ring motion is given by,

. i 2
M - Fypgg = Uyf® = L'y 172 (1)

whare Um and Mr are the ring's magnetic energy and mass

respectively. is computed from the eddy current dissipation

i"ch"ag

in the electrode surfaces. Approximately, F = (26/b )

drag
where ¢ is the skin depth allowing for velocity-dependent and

diffusive penetration of the ring fields, The electrode resistively

n used to compute ¢ is corrected for nonlinear diffusion.2



Equation {1), the driving circuit equation,

v - L& [(Lx +Lg) x] (2)

and the energy equation, .

Up = Yy Uy | U
compression skin loss  plasma resistance

are solved numerically for the ring motion.

Results and Summary

A number of problems have been studied using parameters
approximating CT rings which have been produced by plasma quns, and
using parameters appropriate to various high-energy, high pover
electromagnetic pulse sources (Python, SHIVA-STAR, etc.). Here we
sumnarize one case, a ring accelerated in two phases by the SHIVA STAR
tapacitor bank.3 Phase I consists of adiabatically compressing the
ring in ana = 90° cone. Phase II allows the compressed ring *o
turn the corner and accelerate along an attached small-angle cone thus
converting the stored magnetic energy into ring kinetic energy. Tne
results are given in the table.

If the ring at the maximum kinetic energy (4.4 MJ) were allowed to

o'6

stike a target, the deposition power would be roughly 1.2 x 10" watts

{1 % .3 nsec) with a power density of 5.3 x 10]5 Watts/cmz.

Only the ring mass is specified here, the choice of ion species being

left to furthe optimization.



nH

40

ca

5.7

[}

Refarences

TABLE

Phase I initial State

teo
AO RD Mr umo Te Bave ucip
o gn 10 joules ey M6 10%

15 50  1{-4) 0.4 10 1.3(~2) 93.3

Phase [ Final State
t = 10,0 usec

L ! ucap UL um umlost B“e
M DaAslOTA 0% 0% 0% w0 e
66.7 1.4 1.5 69.2 1.9 1.2 0.77
Phase Il Maximum Kinetic Energy Slate
t = 1058 usec
um Uk vring " s Bave Lace
105j 1053 cmfusec  e¥/aucieon cm MG cm
9.2 4.0 om0 dxw’ 03 2.0 40
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