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Abstract

A spherical array of minirailgun plasma accelerators is a po tential driver for forming
imploding spherical plasma liners that can reach HEDP-rele vant ( � 0.1 Mbar) pressures
upon stagnation. The liners would be formed via merging of 30 or more dense, high
Mach number plasma jets (n � 1016� 17 cm � 3, M � 10{35, v � 50{70 km/s, r jet � 5 cm) in a
spherically convergent geometry. The small (typically 1-2 cm square bore x 15-50 cm length)
parallel-plate railguns with ceramic insulators would use pulsed injection of high-Z gas at
the breech via fast opening valves to produce high density pl asma jets with velocity in
the 50-100 km/s range. Recent tests at HyperV using a single p ulsed capillary discharge
injecting into the minirailgun breech have achieved plasma densities in the bore approaching
1018 cm � 3, with densities in the jet plume exceeding 10 17 cm � 3 at velocities above 50 km/s.
Total plasma jet mass in these 1 cm square bore tests has not ye t been determined, but
similar tests of an earlier 6 mm square bore 13 cm long device, with a roughly 3 �s , 100 kA
current pulse using an aluminized mylar fuse starting from r est, yielded 90 �g of plasma at
50 km/s, and about 40 �g at 63 km/s. A modest scaleup of the railgun to a 2 cm square
bore operating at longer pulse widths of 200-300 kA should be capable of accelerating a
few thousand micrograms of high-Z gas (e.g. xenon) to above 5 0 km/s. This performance
should be su�cient for reaching HEDP-relevant pressures 1.

1. J. T. Cassibry, R. J. Cortez, S. C. Hsu, and F. D. Witherspoo n, \Estimates of Dwell Time for Plasma Liner
Driven Magneto-Inertial Fusion Using an Analytic Self-Sim ilar Converging Shock Model", abstract submitted
to ICOPS2009.

Work supported by the U.S. DOE O�ce of Fusion Energy Sciences
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Background and Motivation

Plasma Jet Magneto-Inertial Fusion*
Magnetized Target with High-Z Imploding Liner

Trades More Mass for Lower Velocity

High-Z liner provides
imploding momentum

Afterburner layer

Magnetized Target

* Y.C.F. Thio, \Supersonic Plasma Jet
Driven MIF Fundamentals", LANL Plasma
Jet Workshop, Jan 2008.
*P.B. Parks, PoP 15, 062506 (2008).

Table courtesy J. Cassibry (UAH) SPHC 3D hydrodynamic model ing

8000 �g of Xe at 50 km/s in each of 30 jets gets into 100 kbar range.
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The Full-Scale Coaxial Gun could Reach the Performance
But Requires a Di�erent High-Z Injector

Half-Scale Prototype Full-Scale Gun
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� 90 km/s

� 100-200 �g

� 1015 cm � 3

� modest current ( � 300 kA)

� 32 ablative capillaries (CH 2)

Mach2 simulation - 7763 �g at 53 km/s
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A Small Parallel-Plate \MiniRailgun"
Could Make a Good High-Z Injector

RailsGas Plenum
Insulator Sect ion

Diaphragm
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Pulse Heat Gas Stored in Plenum

Restraining Diaphragm Bursts

Initiate Arc after Short Delay

Armature Snowplows and Compresses

Preionization may be Important

Could even work with low-Z if
MiniRailgun is long enough!
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MiniRailgun Con�gurations

Plasma Source

Fast Gas Valve
(H, He, Ne, Ar, Xe, ...)

Ablative
(CH 2)

Preionizer

Begin experiments with capillaries since they
are easy to work with and we have them in hand.
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1cm Bore MiniRailgun Hardware

Components for 4 guns
Delrin body with nylon bolts

30 cm long
Copper rails

1 cm square bore
Boron Nitride insulators

Capillary injector
Boron Nitride cup

Vacuum assembly good to
10� 6 Torr range

HV pulse forming circuits, 0.44 �F
injector, 6 �F rail bank, with crowbar



b b

bb

HyperV

MiniRailgun Diagnostics

Parameter No Nozzle Nozzle

Stark density (1 cm) 1:4 � 1017 > 1017 cm � 3

Stark density (15 cm) 6:0 � 1014 � 1016 cm � 3

Pressure (1 cm) 12.0 n/a bar

Pressure (6.3 cm) 3.1 6.3 bar

Pressure (10 cm) 1.6 3.5 bar

Velocity 50 85 km/s

Mass 50 100-200 �g

Momentum 2.4 n/a g � m=s

Temp 4 3 eV

Minirail Bdot probe diagnostic. 30-
turn, 0.125" dia x 0.032" thick. Good
response and holds vacuum.

3cm x 13 cm acrylic nozzle allows
imaging. Simple nozzle produced
higher Mach number plasma jet.

16.5 gm ballistic pendulum 1
sec exposure, triggered few ms
post plasma.
Total mv=4.7 gm m/s.
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High Density Plasmas Measured in MiniRailgun
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[20080924-2] Axial view of H- � inside
bore. High density neutral absorp-
tion, 21 nm width. 300 grooves/mm
grating.

[20081022-01] Axial H- � inside bore.
Ocean Optics broadband spectrum.
15 nm FWHM. Stark density 7 �
1017 cm � 3

[20080912-10] H- � spectrum at muz-
zle exit. 4.94 nm Stark density 1 :3 �
1017 cm � 3. 1800 grooves/mm grat-
ing.

Injector Bank: 0.25 kJ, 35 kA, 1 �s
Rail Bank: 1.2 kJ, 66 kA, 5 �s

1cm x 30 cm
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Quad Jet Experiment Uses 4
MiniRailguns Converging at Center
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What Began as an Injector
Evolved into a Driver in its Own Right

Each gun - 200 �g at 85 km/s

Nikon D70s open shutter photos (f/29) With 0.9 Neutral Densi ty Filter
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Top Views Reveal \Spherical" Structure Despite Only 4 Jets

PImax photos, 25 ns gate (f/16) Color Enhanced

6 �s after rail trig
85 km/s

10 �s after rail trig
85 km/s
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Side Views Reveal Additional Structure

PImax photos, 25 ns gate (f/16) Color Enhanced

6 �s after rail trig
85 km/s

Vertical \polar" jets
(Nikon open shutter)

Just before initial collision
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Projected MiniRailgun Performance Capability

Bore size 1-2 cm square
Length 30-50 cm
L 0 � 0.5 � H/m
Rails Cu, W, Ta, GlidCop
Insulator BN, Si 3N 4

Current 250-300 kA
Pulsewidth 10-15 �s
PFN 4 sections
Capacitance 40 �F (total)
Bank energy 50 kJ
Voltage up to 50 kV
Armature mass 8000 �g of Xe
V injection � 1-2 km/s for xenon

� 2-3 km/s for argon
V jet 50 km/s

Some potential issues:

Current sheet canting
Leakage through current sheet
High collisionality may help
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Two cm Minirailgun will Push to Higher Performance

2 cm square bore, 30 cm long
1000's �g with fast gas valve
300 kA capability (using new switch)
Longer pulse pfn
Refractory rails
Ceramic insulators
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Fast Gas Valve Opens Less than 100�s

Closed Open

� � � � � �
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1000 Amps
100 turn coil
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Tests with Helium and Argon are Underway
Using the New Fast Gas Valve

8000 �g Argon test in 1 cm bore MiniRailgun with 66 kA.

Source of Hydrogen is presumably from the walls.

Hydrogen
70 km/s

Argon
5-10 km/s

Argon velocity is consistent with
mass and current in the 1 cm gun.

200 �g Helium
85 km/s
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Future Plans

� Continue 1 cm and 2 cm MiniRailgun development

{ Refractory rails, Si 3N 4 insulators

{ Faster gas valve and long lifetime

{ Preionization

{ Customize pfn and install crowbars - single compact jet

{ Augmentation

{ Nozzle optimization (non-ablative materials)

� Expand diagnostic e�ort

{ Quartz side walls for viewing

{ Additional laser interferometery

� Push to 8000 �g Ar (eventually Xe) at 50 km/s

� Low energy multi-gun testing at HyperV - jet merging and prop agation

� High energy 30-gun HEDP collaboration with LANL, UAH, UNM, U NR
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Plasma Liner Experiment at LANL

30 Plasma Jet Array
Goal is 0.1 Mbar

Jet Merging
Liner Formation
Diagnostics
Computational Modeling

NASA 9 ft Diameter Vacuum Chamber
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Summary

A series of MiniRailguns have been built and tested using pla sma injection.

Achieved -

� 200 �g at 85 km/s with capillaries and fast gas valve

� 1019 cm � 3 in bore

� 1016 - 1017 cm � 3 in plume

� 50 - 8000 �g

� crowbar operation

� rail current augmentation (e�ectively increases L 0)

Initial tests with a Quad MiniRailgun con�guration demonst rated with low jitter

Fast Gas Valves now working with Ar, He, N 2
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HyperV Plasma Jet Laboratory


