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GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc. merged
into this translation were extracted from the best
quality copy available.

Accession For

uTIS CUA&I
; Pre zas

‘wnod
sio g
4L"-L(-"l Yg\

s
-

4

-’”‘1*“ Y —

.'.p/
L‘-ifv Codes
st il and/or
st sieial
j’!il:/
i
» ——— e ——

- ———— b




—

PLA SMA ENGINES

Sungy Yuyang

Siree the €irst min-made satellita vas lannched in Octoher, 1957,
all kinds of satellites and space ships have Leen delivered to space.
With the advancement of aeraspace technology, new forms of propulsion
jevices have been continuously developed., Anong them is the plasma

angine.

The Plasma Znqlne

“hat is 32 plasda 2nyine?  Zefore answeringy *his jnestion, we shoulil

learn 3om=2thing atout tre plasna first,

The plassa is an ionized gas. When a gas is exposed to electric
charges, the gas wolecules become ionized. 1If electrons are lost,the
gas molecnles become ions with positive charges, for instance:

Hyto=lgs ;-
Hy+e=H; +H,+ 2

Hence the plasma is a mixture of charged ions, electrons and neutral

particles. As a whole, it is electrically veutral.

The plasaa in the plassa engines for aerospace applization |is
usaally produced by gases or by the gasous state of solid conducting

materials.

In order to produce a plasma by ionizing the wvworking nedium, the




vorking medium aust %e tLeated tc a degree such that the mean kinetic
enargy of its atons is hiqher thaa the temnerature of ionization, %or
hyirogen or heavy hydrogen, this tesperature is as high as 167,279 K.
Al11 raterials available at present cannot withstand such a hijh
teonperature. But the actual temperatur~ is lover,since the electrons
and the jons within the flasma are each at ar equilibrium state
separately. A 2agnetic field is usually emfloyed to restrain the plasma
(as shown in fiqure 1),ther§bv freventing ary direct contact between the
nigh~temperature olasma and the chanmber wall.
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?ignre 1 Plasma restrained by magnetic fiel?

®igure 2 illustrates the principle of the plasma engine. It is
composed of tvo electrodes (a positive and a negative electrode) and a
passage enclosed by the electrodes and tvo insulated side vwalls. This
passage 1is perpendicular to the electric field with intensity ® and at
the same time passes through a magnetic field with inductance B created
by the nmagnet. The plasma is forumed in the plasma generator, and is
then alloved to pass through the accelerator. Since it is a charged
gas, Aa current is produced from the positive electrode through the
plasaa to the negative electrode. Under the combined action of the

electric field and the magnetic field, the plasma accelerates towvard the

exi t of the accelerator, prodacing an aspere force. A reactive thrust




is thus produced. Since electric energy is converted into kinetic

enetgy by moeans of plasma (the wcrking €luid), we call such a device the

- i e.
nlasma enqgin plasma electrode
to

insuﬁto\: :
< " magnet
gane "

Fianre 7 Principle of the plasza engine

The Energy Device

The nlase . =n7ine can *e divided into two mador courorents -
anqine ¢ *he gnargv lsvine, TLa fnrcmer nroiinces a reactive thrust

the latter s'pplies the electric enerqy rcequired, The electric

ani

ity

snpply in satellites and space ships is also provided ty similar energqy

devices. UDevices vith pover of S to S50 kilowatts have already been

developed by some naticns. There are two types of emergy devices used

for plasma enqgines: nuclear enerqy device and solar energy device.

Pigure 3 shovs the SNAP-2 energy device. The aupper half of the
figure 4llustrates the ofperation schematically and the lower half the
physical appearance. This is an exaemple of double loops systesas. The

ficrst loop uses the sodium-potassium alloy (melting point 11°c, boil
5

point 784%C at a pressure of 10 Pa) as the heat transfer medium, wh

the second loop uses sercury as the vorking nmedium.

sodium-poéassiﬁn alloy 1s at a tempera%ure'of 650°C when it comes out

_of the reactor, it then enters the steam generator causing the Hg

ing
ile

The
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{(mercury) to be heated and since the bolling point of mercury at at
pressure of 105 Pa is 357°C, after it is heated in the gererator 1+
changes froma 1liquld state to a gasedus state, and the mercury vapor
(with a pressure of 700 kPa and a temperature of 620°C) enters the
turbine and causes the turbine to rotate (at 40,000 rpm) and produce
3 kW of electric power. The mercury vapor which exhausts from the
turbine enters the radiator qnd, after cooling the mercury changes
into a liquid (with a pressure of 42 kPa and a temperature of 315°C)
and then the mercury 1s transferred by the mercury pump to the

steam generator. The whole energy device weighs 345 kg without the
vrotection shroud. ’

Steam jenerat. -

LEaATLCY wp

turbine generator
Pigure 3 The SNAP-2 energy device

Since there exists the problem of critical mss for nuclear fuyel,
the solar energy device is usually employed for plasma engines of

relative low power.

Por apparent safety reasons, the nuclear enerqy device on nmanned
space ships must be kept at a distance froa the cockpit. Pigure 4 shows
the position of the device cn a space zaip. This energy device has a
power of 25 kilowatts and veighs 3600 kilograss, excluding the
protection shroud. The protection shroud weighs 2000 kilogrames, and the
distance Dhetween the device and the cockpit is 15 peters. Pigure S

shovs another kind of energy device.




energy device ) cabin

Pigure 4 The pcsition of SNAP-2 energy device

on a space ship

control

turbine generator
The structure of an energy device

Characteristics and Applications

The nlasma enqine has the follcwing characteristics:
s C e 2 4
Te 1ith Zhecific impulss 1) -~ 10 seconds)

-

z. e natase (1T 7= 17 dewtons)
. lonpg duration

4. wmultiple actuation

5. low efficiency

6. a thrust to weight ratio of less than 1

The last property indicates that the plasma engine must be launched
to orbits by other kinds of oropulsion devices (such as 1liquid
propellant rocket engines or solid propellant rocket engines) before it
can function, Since high thrust is not needed for space flight, this
kind of enqine is especially suitable for the positioning, attitude
controcl and orbital adjustment of satellites, space ships and space

stations.

Being a lov thrust, loag derat ion pover device, the plasaa engine
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has certain aistinct advantages. For a chemical fuel rocket engine, a
thrust of N.91 kilogram with a duration of 1 year requires sore 12u9
kilograms of hiqgh heating-valﬁe fuel of 253 secnpds specific impulse.
Includi ng the shrouds and tte éccessories, the entire d1evice may vweigh
several torns. To meet the same requirements, a plasma engine of much

smaller weight is needed. 1Its operation is also more reliable.

Rased on operational principle, plasma enqginas can te categorized

into twvwo rmadjor tyves: the continuous tvpe and the impulsive type, The

former Joes not have caracitcr compcnents and is thus s.anler, The
33tellite  "Meteorite" launched by the Soviet Upion in 1271 was aquipeA
4ivh *wO zmorntinynus glaisma entines with a thrust of ~,71 avt-~n, Th2
31n2llit e wags rcannfazool te the synchrenizad orbit in FTabroiarw, 1372 he

taese pliasma enqgines.

Yowadays, the bhurn-out impulsive type plasma eraine is @most
commonly used 1in aerospace applications. Readily volatile solid
conductors such as cé“ﬁ’h are used as the vorkipg medium in this kind
of rlasma engines. When the capacitor discharqges electricity, the
vor king medium is heated and sublimates. The resulting gas is ionized
immediately, and is then accelerated to high speed under the actions of

the electric field and the magnetic field, thereby proiucing thrust.

In December 1964, the Soviet Union lanuched the "Zond-2" auto-
matic planetary station (distance from the earth 5,370,000 km) toward

Macs. Six burm-out impulsive tyre plasma engines vere first used for
'spacecraft orientation.. These engines wvwere controlled by signals and

varied their operatioas accerding to the cosmands. They could keep the
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Srace station at a certain position relative to the Sun for a given

narin?,

The Lincoln Test Satellite-6 launched bty the United States in 1968
¥1s aquiped with four Fairchild iwmpulsive type plasma enaines to
paintain the east-vest attitude of the satellite. Pach of them has an

igpulsive vperiod of 6 seconds. The impulse duration was 1.5 seconds

whan the engines operated im series. Each engine was able to discharje

12x106 times, with a thrnst of 2 milligramss each time. They conld
onerate in spac2 €or nwver two years.. Recently, the tvo impulsive tyope
plasma  =2rnoines davelop?1 bhv cur country were tested in flight far the
First tinz and were rrove?! £c he satisfactory. This indicares thit +he
Tavelynmens 27 2lzctric rzex=ts 12 our <olntT M1 g raaschoel a nay lagad
and entitles s to re the <“ourth nation on earth to test electric
Lockets.
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