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Abstract

The components for a tandem mirror plasma source to be used as a plasma propulsion
experimental facility have been made. The device has been assembled and is ready for

operation.

1.0 Purpose

The purpose of this work is to construct a tandem mirror device to be used as a high

temperature plasma source for hybrid plume plasma rocket experiment.

A hybrid plume is one where the exhaust fluid is a stratified mixture of hot plasma
and neutral gas in a magnetic field. The macroscopic properties near the wall boundary
(i.e., temperature, density, fluid velocity, thrust, etc.) exhibit a drastic radial variation
over small distances. The exhaust is extremely hot in the core and relatively cold near the

edge.

Such a hybrid plume can be produced by surrounding the hot plasma exhausted from
the end of a tandem mirror magnetic confinement device with an annular hypersonic,
coaxial gas jet. The resulting plasma-gas structure has useful applications in high power,

variable I,, rocket propulsion.

2.0 Accomplishments

With the funding of the Air Force Instrumentation Program the components for the
basic tandem mirror, i.e., eight central cell coils, four mirror coils and four booster coils,
a vacuum chamber and support structure, were designed and built based on the concept
developed over the past year [1-4]. Figure 1 shows the completed assembly of the device
mounted on a stand. On the left end is the vacuum pumping system and there is an
identical system on the right end. In front of the device there is the laser fluorescence
diagnostic system. There are two power supplies for magnetic coils and a 2 kW, 2.4 GHz

microwave transmitter on the other side of the device. This equipment was obtained
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from other groups in the Plasma Fusion Center. The successful completion of the device
construction and the initial testing operation were made possible with complementary
funding from NASA through J.P.L. and the technical support of the M.1.T. Plasma Fusion

Center.

The engineering design of the device is shown in Figure 2. Figures 3 and 4 show the
central cell coil and the coils enclosed with liquid nitrogen casings. Because of the budget
constraint the vacuum thermal insulation jacket was not provided for the central cell coils
at the present time. Figures 5 through 8 illustrate the construction sequence of the mirror
coils, liquid nitrogen casings and vacuum jacket. The vacuum jacket is an integrated part
of the vacuum chamber. Cooling and vacuum jacket were not provided for the booster coils
also due to the constraints of the budget. The coils and vacuum jacket were fabricated
by outside manufacturers and assembled by us. Each coil and its casing are separated by
special springs which are visible in Figures 6 and 8. The springs are our own invention.
They are designed in such a way for space saving and cost reduction. Each spring must
be able to resist both the thermal and magnetic stresses involved. At the same time the
heat conduction through the springs must be minimized and the springs are electrically
isolated from the coils. Therefore, assembly was a slow and difficult process. The coil had
to be tested electrically and the casing checked for vacuum lightness at every step. Figure
9 shows the waveforms of the electrical test made. Since the vacuum chamber is made of
nine sections and has twenty-four parts, the vacuum integrity was a major concern. With
the strict observation of high standards of vacuum preparation techniques and repeated
testing of the vacuum tightness and cleaning, the chamber was pumped down to a pressure
10~® Torr in one day. Now the chamber is constantly operated at a high vacuum of 1078

Torr.
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3.0 Initial Testing Operation

In order to carry out testing and calibration, the magnetic field coils were energized to
10% of the designed field strength and were run in this manner at steady state operation.
Verification of the design configuration and value was achieved by mapping and analyzing
the magnetic field profile using a Hall probe.

Much time has been expended in learning to inject the microwave power into the
chamber and creating a plasma breakdown. Since the port size is limited, we were forced to
use the coaxial cable and antenna as the means to transmit and inject the microwave power.
The field at the point of injection was below resonance due to the voltage limitations of
the DC power supply used. Little technical data is available for the old surplus microwave
unit. After a month of trial and error, we gradually shielded out the rf power leakage
and tuned the magnetic power supplies to their limit to reach resonance field. The first
discharge was finally initiated in mid-August. Figures 10 and 11 are plasma discharge
viewed through the end port and side port.

Presently the machine is a turnkey operation. The power supply, the gas feed, and
the microwave injection are all operated manually. Only time will permit it to become
an automated operation. In the meantime, all results that may be obtained from the
machine, even in the turnkey mode, will be extremely useful. Discharges at wide ranges
of gas pressure, from 1 to 150 mtorr, and at various power levels have been reached. It
is necessary to measure the power level with proper instrumentation that must still be

acquired.
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Fig. 2.

Engineering design of the tandem mirror plasma device.
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Fig. 4.

Central cell coils enclosed by liquid nitrogen casings.
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Fig. 9. Current and voltage waveforms of the electrical test of the coils.

5 volts
220 amps

1 sec

2 volts
82 amps

1 sec

Inductance: 3 mh
Resistance (room temp): 3 m ohm
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