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PREFERRED ARCJET THRUSTER DESIGN
EE,I&IQTB:(IE:ET;( CONSIDERATIONS FOR
SATELLITES

Practice:

Use flight proven arcjet thrusters in the design of satellites and as a lightweight reliable propulsion
maneuvering system to lower propellant mass, increase orbital lifetime, and use smaller less costly
launch vehicles.

Benefit:

Long-term spacecraft and propulsion system comifigtin near earth orbital environment has
been demonstrated by several experimental test flights. This thruster system is currently being
incorporated into the new series of Martin Marietta satellites as well as a new series of military
reconnaissance satellites. The benefits are a decrease in propulsion system weight, a potential
reduction in mission cost, and an increase in orbital lifetime and satellite reliability.

Center to Contact for More Information:

Lewis Research Center

Programs Which Certified Usage

ELITE, STS 5 & 6, FLTSATCOM

Implementation Method:

Electrothermal (arcjet) engines and thrusters have been around for the past thirty years. It has
only been in the last ten years that these devices have gained popularity due to the decrease in
weight of the power conditioning systems and improved performance of the thrusters. Lewis
Research Center and Olin Aerospace Corporation are jointly working on several varieties of low
power arcjet thrusters for use as North-South stationkeeping thrusters for satellites.

The mechanics of electrothermal propulsion is shown in the schematic of Figure

1. Propellant is pumped into a chamber where it is passed through an arc o Fr-——
electrically heated. This hot gas is then thermodynamically expanded through @gwis
nozzle and accelerated to supersonic speeds. Exhaust velocities of 1000 to SBQSEARCH

m/sec have been produced with thrust ranges of 0.01 N to .5 N.
|



PRACTICE NO. PD-ED-1253
PAGE NO. 2 OF 5

ARCJET THRUSTER DESIGN
CONSIDERATIONS FOR SATELLITES

Valve

Pressurized

fuel Chamber
gas Arc between cathode
\ | tip and annutar
~a | region of anode

===z

Electricpower
from low voltage
high current source

Nozzle

Annufar
anode

+
Figure 1. Arcjet thruster schematic
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Figure 2. 1.8 KW arcjet assembly
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Several areas of development at Lewis Research Center in cooperation with outside vendors, have
focused on the advancement of electrothermal propulsion and integration of this into commercial
and military satellites as a reliable maneuvering propulsion system. These areas include
investigations into new propellants, low power capabilities, and advanced power processing.

Propellant considerations

Current propellant considerations for north-south stationkeeping have been ammonia, hydrogen,
and hydrazine. The ideal propellant for arcjet engines is one which can be stored easily, has a low
atomic mass, and favorable thermodynamic conditions during heating and expansion. The chart
below shows the advantages and disadvantages for the various arcjet thruster propellants.

Table 1. Electrothermal Propellant Consideration$

Electrothermal Propellants Advantages Disadvantages "

Hydrogen (H) High specific heat and thermal Difficulty in storage. Suffers Illom
conductivity. frozen flow losses in the nozzle
expansion.
Ammonia (NH) Liquid phase does not require Heavy molecule which dissoclpates
refrigeration. into low-molecular-mass
constituents which introduces
frozen flow loses.

Hydrazine (N H) Can be dual used for a Chemical erosion problems ajle

combination propulsion system o intensified at higher specific

satellites. Can be easily stored. T impulses. Heat transfer probjems
at the nozzle and chamber.

Power Processing Development

The current research and testing of arcjet thrusters is the low power (1-2kW) range. NASA
LeRC and Olin Aerospace are investigating the use of a low power arcjet thrusters on the new
generation of satellites.

Early work on low power arcjet thrusters used a ballasted DC power supply which transitioned
the arc to steady-state operating conditfons. This caused significant electrode erosion and
nonuniform arcs. These problems were overcome through changing the geometry of the
electrode, providing vortex flow stabilization, and development of a pulse-width modulated
power processor with limiting current circuit for startaps.
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These improvements have lead to a 1000h/500 cycle lifetest which demonstrated long-term,
reliable, non-damaging arcjet operation. Also demonstrated was an 891 hr qualification lifetest of
a 1.8 kW hydrazine arcjet with 918 restarts and a specific impulse of 520s. The 1.8 kW
hydrazine has been developed and approved for use on Lockheed Martin Series 7000
geosynchronous telecommunications satellites to provide a highly efficient means of north/south
stationkeeping. AT&T's Telstar 401 spacecraft was the first application of Lockheed Martin's
Series 7000.

Technical Rationale

Due to the gravitational perturbations caused by a combination of forces from the sun/moon/earth
system, most geosynchronous satellites require north/south (N/S) stationkeeping. For a satellite
to maintain a positional accuracy of between 0.05 and 0.1 degrees, a delta velocity of
approximately 49 m/s/year must be added in the north or south direction, perpendicular to the
orbital plan€. The propellant requirements for N/S stationkeeping can represent up to 80% of the
mass of total propellant and up to 20% of the on-board "wet" mass of the satellite. Therefore to
improve the efficiency of stationkeeping class thrusters various designs and improvements have
been developed. The latest and most efficient thruster design developed thus far is the hydrazine
arcjet system.

Table 2 compares the use of hydrazine in various thruster configurations. The high specific
impulse and the decrease in propellant weight add to the arcjet's competitive edge over other
propulsion thruster systems.

Table 2. N/S stationkeeping propellant mass comparison for a 12 Year, 1700 kg dry mass satellite.

Thruster Typical Thrust Level Specific Impulse N/S Stationkeeping
Systems (N) (Ibf-s/Ilbm) Propellant
(kg)
Hydrazine (N H ) 0.4-20 220 532
Bipropellant 20-40 302 373
(MMH/N H )
Resistojet (N H) 0.2-0.4 302 373
Arcjet (N,H,) 0.15-0.3 520 207~

*Does not include dry mass penalty of approximately 20 kg.

The hydrazine arcjet not only outperforms existing propulsion options, it also has several key
advantages over other electric propulsion options. The performance and economic edge is
derived from three major areas. The first is that arcjets have a relatively higher thrust than other
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electric propulsion devices which reduces duty cycles and battery demands. Second, the arcjet’s
use of hydrazine propellant allows commonality and simplicity in the feed system. Third, the

arcjet system is relatively compact in size and has a very high thermal efficiency which provides
relatively simple structural and thermal spacecraft integration.

While trade studies for different satellite masses and lifetimes will show a greater or lesser
advantage for the arcjet, the conclusion reached is the same: arcjet thrilidtakeva major

impact on reducing propellant mass and increasing the economic return on investment for many
commercial satellite systems.

Impact of Nonpractice:

Failure to use the design concepts presented in this guideline could result in more complex
thruster designs, lower reliability, and higher launch vehicle costs.
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