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INVESTIGATION OF ALKALI METAL MPD THRUSTERS

V. A:PETROSQV; 1. B.SAFONOV, Yu. A, UTKIN, V. N. SHUTOV"®

To implement interorbital and interplanetary flights electric rocket thrusters (ERT) will be
needed of ~ 20...10° kW (and more) power and of high specific impulses. At these power levels
magnetoplasmadynamic (MPD) thrusters operating on alkali metals at low ionization potentials
may be advantageous. As high specific impulse values may be gbtained using light propellants,
lithium is the most preferrable propellant.

This work deals with results of experimental investigations of the applied-field MPD
thruster operating on lithium in a 15..30 kW power range at various values of the supplied
electric power, propellant flow rate, angles of divergency of the anode nozzle, applied magnetic
field and estimations of expected parameters of the applied-field MPD thruster operating of upto
10 kW power are present. The MPD thruster is a structure with axisymmetrical electrodes where
the cathode is located on the axis. The basic MPD thruster operating on lithium design elements
are: the thermionic cathode, the radiation-cooled anode, the neutral insert, the solenoid generating
on applied magnetic field, high-temperature interelectrode insulators, the vapor generator.

The cathode is assembled of tungsten wires of 2 mm diameter. the cathode diameter is
~12mm. The butt-end surface of the burs is a hemispace. The cathode current density
is ~ 200...500 A/cm’, the cathode temperature is - (2...3)-10° °C. The cathode design enables all
the cathode operating surface to be flowed over by the propellant vapor resulting in increase of
the electrode lifetime. It also allows arrangement of propellant supply to the near-anode from the

peripheral parts of the cathode to reduce anode voltage drop. The cathode is directly connected
with the vapor generator made of molybdenum.

Lithium is vaporized due to heat coming from the graphite heater placed in the vapor
generator. Its power is 1.5 kW. After the discharge ignites and the thruster achieves nominal

mode in terms of current the heater is switched off. The vapor generator 1s heated further due to
heat coming from the thermionic cathode.

The radiation-cooled anode is made of tungsten and is a divergent nozzle of 34 mm
minimum diameter. During operation the anode temperature as 1300...1700 °C.

The radiation-cooled disc solenoid consisting of 8 molybdenum rings is used as a source of
an external magnetic field.

The facility, at which MPD thruster were tested, is a vacuum chamber of 7 m length and

10 m’. The vacuum chamber pressure is sustained to be of 10™ torr. During a test the thruster on
alkali metals, the vacuum chamber pressure is decreasing.

To supply a liquid lithium into the thruster, a plunger supply system with an
electromechanical drive is used. The plunger supply system volume is 0.5 |. To heat lithium up to

the operating temperature (~ 250 °C), an electric heater of 200 W power is mounted on the side of
the tank.
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For determination of the thrust. a thrust measuring device (TMD) of the pendulum type was
used. The TMD measures stationary thrust ranging between 0.1 and 1.0 N at the mass of thruster
which does not exceed 20 kg. At thrust value above 0.4 N, the thrust measurement error does not
exceed 6 per cent. To eliminate the influence of numerous physical effects, arising when the
thruster is operating, on TMD readings, the thrust is determined at the so called "thrustent-off", i.”
e. it is determined by a difference of TMD readings at the moment of application of the force (the
thrust) to the TMD mobile platform and at the moment when this force does not virtually act. For
this purpose, an arrangement absorbing the thruster plasma jet momentum (a trap) is mounted on
the mobile platform. When the trap cuts the plasma jet, the force of the jet, affecting the TMD
mobile platform, is compensated. :

MPD thruster models were investigated, which had different anode nozzle
lengths (/ = 35...53 mm), maximum diameters (4, = 75...90 mm) and divergenze angles (a =
50...90°). During the test, the supplied electric power, discharge current, applied magnetic field
and the lithium propellant flow rate ranged as follows: 15...30 kW, 500...1000 A, 500...900 Gs,
0.02...0.03 g/s respectively. The following parameters were obtained: the specific impulse 2900 s,
the thrust efficiency 30 %, the thrust 0.57 N. The voltage-current characteristics, the dependences
of thrust on the discharge current (/,) and of thrust efficiency (n,) on specific impulse (I,) at
various magnitudes of magnetic field (B), propellant flow rate (m) and anode nozzle divergency
angle (o).

The voltage-current characteristics of the models investigated is shown in Fig. 1. At the
same discharge current the voltage (U) increases with the propellant flow rate and increase of the
magnetic field and anode nozzle divergence angle. At the lithium flow rate 0.02 g/s magnetic
field at the top of the cathode 800...900 Gs, with increase I, the inclination of the voltage-current
characteristic increases first gently and then sharply. From moment the saturation I, achieves its
ultimate value. It was found that the ultimate current increases with decrease of B and increase of
m. The transfer of the MPD thruster to the operating mode witch the ultimate current is
accompanied with elevation of near-anode losses, increasing the anode temperature and

appearance of intensive electromagnetic oscillations. Such operating modes are called ultimate or
crisis ones, Ref. 1, 2.
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In Fig. 2 and Fig. 3 the obtained R and 7, at various B, m and «. The thrust increases with
elevation of /, m and B. The thrust increases rate decelerates at coming to the MPD thruster
operating modes. At the ultimate modes, with increase of power supplied to the discharge, the
thrust does not practically change, and the thruster efficiency decreases. The optimum thrust
efficiency obtained versus the specific impulse can be obtained with the same phenomenon.

Along with other alkali metals, potassium may be used as a propellant. The use of
potassium might be the most effective in arcjet (AJs) and in hybrid thrusters such as "MPD-
arcjet” under the conditions when high thrust values are required at limited on-board electric
power magnitudes. In this case it is more preferrable to use such thrusters in ~omparison with
ionic thrusters (ITs) and Hall thrusters which are also called SPTs. Specific impulse values of
such thrusters in higner than those of liquid propellant thrusters, but smaller than those of ITs and
SPTs. In such a thruster, plasma thermal acceleration in a divergent nozzle dominate. The Ohm
heat might be suppled to the propellant in the process of plasma acceleration occuring. At such
acceleration, considerably higher plasma exhaust velocities might be obtained.
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The use alkali metals, including potassium, as propellants for thrusters of such a type might
be most efficient, as they are of a number of advantages which could be completely enough
realized in such thrusters, videlicet:

- capability of creating adsorption films on the thruster electrode surfaces:;
- low ionization potentials;

- possibility of ensuring a steady diffusion arc discharge at low discharge currents and low
temperatures at high enough degree of propellant ionization, possibility of ensuring thruster
steady operation at low electrode temperatures.

This creates backgrounds for prediction of thruster high lifetime and possibility of low-
voltage ignition of the discharge.

Preliminary studies of an experimental model of such a thruster of low power (0.2...0.7 kW)
operating on potassium, were conducted. The following parameters was obtained R ~1.1-107" H,
I, ~ 500 s, n, ~ 41 %, thrust efficiency —6.1-10" W/H. It is possible to suppose that with
increase of discharge power and propellant flow rate and at appropriate alternation of the thruster
geometry characteristics, the thruster power being 10 kW, the following parameters may be
achieved: the thrust 1.2 N, the specific impulse 600 s or the thrust 0.63 N, the specific impulse
900 s.

The test results show that the most efficient propellant for an ET of the "MPD/AJ" type are
alkali metals. If another propellant is required to be used, then to increase the efficiency of a
thruster of this type, it is necessary to use an alkali metal as an addition to the basic propellant.

. 1. Brukhty V. I, Glotova N. N., Kirdiashev K. P., Octretsov I. N. Investigation of Low-
Frequency Oscillations in Steady-State Plasma Accelerators. - In the book: Plasma Accelerators.
Moscow, Mashinostroyenie, 1973, pp. 136-138 (in Russian).

2. Glotova N. N., Kazansky V. I., Utkin Yu. A. Experimental Study of Anomalous Modes
of Electrodynamic Plasma Accelerator. - Journal of Theoretical Physics, 1977, N 11 (in
Russian).





