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Abstract.Abstract 
thrust efficiency of (5o-6o0)
are achievable. This factReasult of development determLne, the perceptiveneas

and charaCtoristc2 study of of thrusters on krypton in thethu statonary plasma case of solving the tasks viththrustor (SPT) v th pover high total thrust pulse, when
range of (1-25) kw are large stores of the workingpresented in this paper. The gas are reoqured.
Possibility of obtaining high
thrust efficiency of the ntroducton
thruster and of extending the

exhaust velocity range As it is already knovn [i),
(Specific impulses) of SPT A

durng many yearn the
vith It dimensions increaso stationary p a thrster

o hovn. In partcular h tatonary pleama thrusterss hony n particular, the (SPT) ovre operatedpousibility of obtaining the with advantage in correctionthrust efficiency of 60-70 is systemm of Soviet (Russian)
Shovn for sPT of traditional spacecraf t, and works for
design with external diameter prparation of the SPT
of accelerating channel up to application on the wvestrn and
300 mm at exhaust velocities p.rimary American ate litto
of (20-90) knl/. Received data have b"n begun n2 ,1the
confirm the prospectiveness of PoveibiLitL b 

of application
SPT as the thruster for primary of the SPT'o a

o 
primary

propulsion systems. BOeidoe, thruster problema are tudied
the possibility of effective 9]. Therefore Investigatior of
enough work of SPT on krypton characteri f

tic
n  

of the
the cost of vhich Li several increaed power SPT' and
tmes Lover vbite the spread hereaoad pover SPT- andtime nLover while the pread their availability as a primaryin the nature at Least by an thrusters are of interest, andorder of magnitude higher the result of such works will
comparing to xenon. It in, hown be pre

o
entod below. Those

alno thof in the velocity vorks have boon realizedrange of (20-go) km/ during a number4 ears by the
Leading organizations of
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the Rugsia, vhich are the channel. it is important
concerned with researches and to note the follow:
development of the SPT. i. The radLal component

i.The factors determining ar of induction of magnetic

SPT characteristics. field must rise from the anode

to the end of the accelerating
Fundamental and channel.

constructional arrangements of This is evident from
the SPT are relatively simple, condition of stability of
though nature of physical motion accelerated vithin
procoesse in them is complex croaning electric and magnetic
enough (43. So, for fiolds of qua i-neutral ion
achievement of high flux. In actuality, from the
effectiveness of the thruster theory it is possible to
it is necessary to optimize write more general condition:
configuration and aizes of the

accelerating channel, topology r >
of magnetic field and -= > O, (1i

distribution of neutral gas

floaw vithin it, modes of the where n - concentration of
thrustor operation . n the plasma.
end the design problem comes But because distribution
to choose of sizes of main of concentration of plasma in
elements of the thruster the accelerating channel is
construction including unknown beforehand, it is
elements of discharge chamber preferential to use during
and values of basic parameters design the following condition
of operation mode - value of
discharge voltage Ud working 9 B

gas mass flow rate through 2 > 0 <(a)

the accelerating channel and

mk into the cathode, currents Beaide on the basis of

in coils of magnetization. conception about propinquity

At first glance this problem of configuration

seems simple enough. However, of line
a 

of magnetic force and

variety of possibLe variants equipotentials of electric

of ization ncluding field it is expedient to seek

necessity of expoerimntal to focusing geometry of lines

check makes it extremely of magnetic force.

bulky. Therefore at decision The experiments have

of this problem it va corroborated the

necesaary to base upon above-mentioned conclusions

physical analysis and complt ely and ex;Senceof optimum
theoretical research of basic distribution of induction of

processes in the SPT Among magnetic field from the anode

the most important results of to the exit for models of

such rearche apart from traditional design diagram.such researches apart from

such basic principles as Tne characteristic size L of

limitation of value of magnetic field rise region in
induction of magnetic field, a first approximation is
vhich determinee relation of proportional to vidth of the
electron and ion Larmor acceLerating channel b
radiuses and dimensions of c
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<Fig. ) and optimum developments it iL possible
configuration of lines of for evaLuations to assume
magnetic force in a first 0values T ~ 1000 K. and values
approximation are similar in a and v

optimized models of different of electron temperature

sizes. This circumstance again on experience of

determineo possibility of preceding reoearches are
geometrically similar change relatively conservative and
of sizes of main elements of comprise (1<020) eV at values

thrusters and simpLifies of discharge voltage U = ( 50
design development.

soo)v and rise in a fLrnt2. The most important - 3 andi in a

condition of high approximation linearly vith
cn of high increase of U.

effectiveness of the thruster d
Li, naturally, condition of Besides according to

high effectiveneas of working measurements £42 average
gas ionization in it. In the energy of ions <C.> is near to

simplest form this condition
can be ritten a the value corresponding to dischargecan be vritLten a the

foLLoving inequality: voltage U i

d IE eU J
< L (2)

L c

v
here . f a - free Therefore average energy

i <<.v >n of ions is near to
oe e

theoretical value:

path of atoms before their

ionizationinaLayer of drifting v.= d
electrons with concentration M

n and factor of ionization
e

rate of atoma by electrons Where e and -M - charge of

electron an'd.'mao of ion
<0 V >, L - length of the

a c (atom) accordingly.

accelerating channel. On this basis it turns
velocity of atoms v is out that the relation (2) cana

be used for design.
determined by their mass and

Indeed, vith aLLovance
temperature of constructional

for requirement of highelotements governing energy
offect tveness, that La

(velocity) of atoms. Cross - e
condition 7. m /m ~- , where

section of Lonization of gas i a

atoms at their coltision vith m. and m are mass flow rates in
L a

electrons depends on the
. form of Lons and total masworking gas kind and

flow rate through the
temperature of electrons (more

accelerator accordingly, it Li
exactly the funct i on f the r
exacY te fr pocsible to evaluate the value
distribution on energy).dtribution on energy). of n by the following expression:
Naturally, evaluations of the

m
parameters depending not a

n = n = (4)
only on concentration, but e L MS v
and on operating mode. are

complex enough. Hovever, r, where S ITdb - area of
k c

view of weak dependence of
crosssection of the

velocity on temperature of
accelerating channel vithelements and roesting on
outer diameter d and width

experience of preceding
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c N gives off oving to contactv
Then in view of (2), (a) of accelerated flow with theand 4) it iL poslibe to waLLr ir proportionaL aL o

conclude that for effective in a firt opprorximaton

operation of the accelerator to b f that : a

at L b = const, the c
c c 

S = 21ndL 2 2k rdb (6)following condition must be woe i c.
fuLlfiLLed: where k - 1.2 ~ cont-numerical

fvetor.
m M v v JkTeu 1
a > C Therefore when conotant

S<.v > <.v > specific power in thrusters ofdifferent sizes is N =N/s =
con t, ep c

The experimental data then specific load on vallshave corroborated importance will be also approximately
of effect of rate a through constant and with increase of
the accelerating channel iazea (b and L ) at L /b =(FLg.2). More over they have C c C c
corroborated acceptabiL ity of cont the problem of ensuring
relationship (5) for of great enough Lifetime of
evaluation of value of mass flow the SPT will not become
rates which provides high complicated at least. If at
enough effectiveness of the increase of sizes the
thruster and about the same condition m/d= const is
level of offectiveness of valid, then at approximately
optimized thrusters with the same effectiveness of the
different sizes (Fig.3>. The optimized accelerators of
Latter can be understood by different sizes can be
recognizing, that on the obtained and the specific load
strength of similarity of p N W/ determining of
geor)etry of the optimized c
accelerators of different erosion rate of the waLLs will
sizes and topology of magnetic be decreased, because at
field within them the above-mentioned condition
Longitudinal size of
accelerating layer L and N = Idd 2 ka d k dU ( 7 )

relative value of intensity of
interaction of plasma with 2vhere K 3 K are constant
walls and related losses will be factors) because
turned out approximately bau

proportional to characteriQtic N k d U
ote of the acce erat inN -• d

ze of the accelerating 2ndL 2k da d cchannel (b ) at m/d= const. o i c

This fact means, that average (7)
longitudinal size of the In a first approxima ton
eroding zone of the valls it is poQssibe to coniider
in the optimized models L that erosion rate os

viLL be turned out also in proportional to N andw b u d Ow spa first approximation Lifetime is inversely
proportional to b (L ~b )

c e c proportional to N There-and area of eroding zones of v ap

the val on hich poer fore by increase of sizes of

the SPT it is possible to
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nure approxima tly the same tran pirQ , that, for exampLQ
level of thru=t ff ctivene s t h ru ter on argon for
of the thru ter and increase achievement of high1-
of itQ lifetime at adherence effectiveness of the thruster
to the condition (7). has to operate at

It can be showed alo substantiaLly increased values
that mann of the magnetic

system and specific ma of m bocauo of higher values v
the thruster p =M /N, where M and v. and considerably LoverT T T L
it mans of the thruntor, at valuea <aO.v > vhen valuoe of
thin condition wi l be 

L Q
U are comparable The levels

decreased vith ri e of aizeo. d comprbl. h

The above-mentioned of Ud have to be comparable

conanderations have Qerved an for enmuring of sufficiently
baQe for development of neriez high temperaturen of
of optimized laboratory mode L eLoctrone. This circumntance
of the modern SPT' vitlh viLL complicate zubetantially
d = (50+200) mm. The thruter. problem of ennuring of great
designed on their bae can lifetime of the thruster on
overlap very wide range of argon, nitrogen and other
thruots and specific impuls o working gaeno, vhich are ionizing

(4]. So,the povereot from relatively hard. Therefore
having been realized and among the nearest non-metal
toeted to present date vorking media krypton iL
thruster vwith external oeemed as the best one,
diameter of the because realization of effective
accelerating channel d =200 mm operation on it requires to
iL capable to operate for a increase m
Long time at pover of 25 kW a

and to provide thrut more only by two to three timen.

than IN. The test of the In thiL case in the models

modelQ of such thruster have vith great size increase of

corroborated their high specific load can be

thrust offectiveness (Fig.4) compennated through increase

and possibility of achievement of aizen of the thrunter (d,

of great enough lifetime at b ) at m/d = conet, and
moderate values of power. On c

the whole the authors don't thereby lifetime of the

nee the fundamental physical krypton SPT will achieve values

problems, vhich would comparable with lifetime
diLcourage realization of the of the modern SPT'a.

SPT vith pover ~ tOOkV and Advantage of krypton iL also

more in a one unit. that operation on it gives

The foregoing pos;ability for receiving enough
relationshipo can be used thrust effectiveneo2 (Fig.5).

for evaluation of expected L Lo inert , and ito natural

modoe of operation of occurrence and extent of

thructor at application other production exceed xenon

working media. So, fromr the natural occurrence and its

rolatLonship (5) t extent of production more,
than by orn order. Bsoidoe it
it esentially cheaper, than
xenonr. The above-mentioned

qualitie= repreoont important

advantage of krypton during
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congidaratjon of problemg with P Lan and S tatu a o f t h a
great total impuLzcQ of thruzw. deveLopment and QaaLification
and rscassary Qtoro2 of program for theo S ta t ionary
working gag. Plasma Thru~tor.

Paper AIAA-09-1707. £Opp.
ConcLuoion. 9 .Cl.M.Oryaznov, Yu.V.ICtychnikov.

Conceptual development of

Presented data have Lntoernational projects
corroborated possibility of "Phaeton" for ifveatigation of
realization of sufficiently asteroid Surfaces by automatic
effective primary propulsion spacecraft with nuclear power
syatems on the bame of the System.

ST.Paper D. 1-4 on the 2-nd
Ruggsian-German Conference on

Reforncoa.electric propulsions and their
tech.nical Appli Cati Ong,
Moscow, tops.

I . A. S. Blober , V. sci M, 4. A. I. flugrova, V. Kcim,
A. S. Koroteev et at. N.JA. Mastennijcov, A.1. Morozov.
State of the work on - Phys ical processea and
ElectricalL Thrusters in USSR. characterist ice of stat ionary
AXAA paper XEPC-01-009, 6 pp plasma thrusters with cLosed
2-. T CoLbort, M.Day. electron drift".
a.Fiaher, V.jKim, 1C.N.iozubcky, AIAA paper IEPC-01-070, Opp.
N.A.Maglennikov, T. RandoLph,
W. Rogers, T. Yeh.
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Le, Lopt
20
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10 20 30 bc,mm

Fig.1. Characteristic erosion zone length (Le.) and
length of magnetic induction distribution (i)
versus of acceleration channel width for
optimized SPT models.
L*- the distance between cross-cections ofaccelerating channel with Br ,8Br m and
BrBr max

0,6

0,4

0,2

2 4 6 8 10 12 i

Fig.2. Thrust efficiency 2T versus mass flow rate
for thruster with d=120mm.
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a)

t2. OAo 
-1 U

d- d= *100(Ozi-o5 5mg/s); 0---o d 7 (r3,55mg/s);

d d= 26 0O(ih 17mg/a); il/d =09065mg/smm

b)

0,6

012-

100 200 300 400 500 Udv

Fig.3. SPT perfomance under -Swconst.d
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0,60-

d=200mms mai11,9m/VS.
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0,24
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Fig.4. Xenon SPT perfomance.
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____ d -160mm, in 6,3mg/s ___

016
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0,4
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0 100 200 300 400o 500 Ud'V

Fig.5. SPT perfomance on different propllants.'




