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The major electrical characteristics of pulsed coaxial magneto-plasma accelerator with a capacitive power source
are calculated on the basis of approximate mathematical model of pulsed plasma thruster, preionization system of
working gas with a helicon discharge and multiparametric optimization of CMPA by methods of computational ex-
periment. The main parameters of the RF source and physical characteristics of argon plasma are presented. Initial
assessments are conducted prior to plasma acceleration using helicon preionization source and main characteristics

of coaxial magneto-plasma accelerator.
PACS: 52.50.Dg, 52.50.Qt

INTRODUCTION

This work is devoted to the development of the per-
spective electrodeless plasma thruster (EPT) with a
high-frequency ionization which is called as a helicon
engine [1 - 5]. As we know [1 - 7], the main advantages
of this kind of engine is quite high (compared with an-
other EPT) resource of life, the possibility of using the
different working fluids. Such types of helicon plasma
sources can be widely used for plasma interaction stud-
ies with a substance in the systems of magnetic and
magneto-inertial confinement of hot plasma [8 - 11].
Comparing with another reviewed EPT can be used as
the engines for correction and orientation of geostation-
ary and low orbital (weight less than 100 kg) spacecrafts
and sustainer rocket motor as well. The radio frequency
(RF) discharge is used for the preionization (helicon
preionization source) for this type of engine, placed in
an external magnetic field. The efficiency, high reliabil-
ity and low cost of such charges allow using them in the
field of accelerator technology, in different plasma and
vacuum technology and etc. with a high degree of effec-
tiveness. At the same time there is no contact of plasma
with metal electrodes and there is quite low electron
temperature and low plasma potential relative to the
walls, which limits the discharge.

1. DESCRIPTION OF THE PROBLEM

An inductor is a component of CMPA intended for
decreasing a thermal interaction of plasma with the
walls of the working channel of CMPA. In our case, the
inductor can be electrically isolated from the accelerator
and perform two functions: 1) creating of a cylindrically
symmetric compact plasmoid (disc) that solves a prob-
lem of an azimuthal instability; 2) the preliminary ac-
celeration and throwing into the CMPA channel plasma.

We briefly describe the principle of operation of the
proposed CMPA. Short circuit through the conducting
plasma (geometrically disc) takes place after applying a
voltage U, from the capacitive power supply on the cen-
tral and cylindrical electrodes of CMPA. This plasma
disc is created by the breakdown of a gas (after voltage
Uy supply) and interaction of impulse current of induc-
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tor with a circular whirling current in a plasma for-
mation it influences on appearing the electromagnetic
force which affects upon the plasma and providing its
initial acceleration and inflowing to the acceleration
channel of CMPA. Then plasmoid electromagnetically
compressed and accelerated in the direction of the axis
of symmetry. At the same time an electrodynamic ac-
celeration of plasma in the channel of CMPA is based
on interaction (described by the Ampere law) of the
magnetic field of the electric circuit with current-
carrying plasma.

The creation of an experimental stand for research of
electrophysical properties of CMPA is very expensive,
and the creation of a model can be considered as the
original problem. The pulsed plasma thruster and pre-
ionization system for gas based on helicon discharge
(the pulsed RF-preionization discharge) will be exam-
ined in the framework of an approximate mathematical
model of the coaxial pulsed plasma thruster [12 - 14].

2. CALCULATIONS OF THE MAIN
PARAMETERS

The simulation results based on a developed mathe-
matical model of coaxial magneto-plasma accelerator
are shown in Figs. 1-5. These results correspond the
following parameters of a helicon discharge: the work-
ing frequency of antenna is 13.56 MG, Py = 100 W, the
working gas — Ar, P =1 mTorr, R=7.5cm, L= 20 cm.

At the same time, geometrical and electrotechnique
characteristics of CMPA have the following values:
R, = 7.5 cm is the external radius and R; = 5 cm is the
internal radius of the acceleration channel and inductor
coils, L= 0.6 cm is the longitudinal length of inductor,
the number of turns of the inductor is 2, Uy = 5 kV,
Co =5 mF are the voltage and capacity of the capacitor
bank, respectively.

Through the Fig. 1, we can see that the current J
reaches its first maximum (J; = 7 kA) at the moment of
t; = 3 ps and fades up to the minimum (t, = 9 pus) ahead
in the electric circuit. The graphic dependence shows
that the current is reversed in 6 s. Note, that the current
drops to a value 7 kA, but the velocity is almost un-
changeable parameter.
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Fig. 1. Time dependence of the current J in the electric
circuit of CMPA
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Fig. 2. The dependence of the plasmoid velocity V
on the time t

Estimate using the formula from [15] shows that hel-
icon waves excited in the plasma (for the range of pa-
rameters 10°<B<5-103 T, P = 0.67 Pa, T, ~ 7 eV) are
weakly absorbed.
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Fig. 3. The dependence of electron concentration n>

on time t
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The Figs. 3-5 show that the most significant changes
in thermophysical characteristics are observed at the
initial stage (t<0,05 s), i.e. power supply to the low-
temperature rarefied plasma of the RF source.
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Fig. 4. The calculated electron temperature T,
as a function of time t

There is a strong temperature gap (T, = 70 kK, and
T; ~ 0.7 kK) in the discharge plasma for the aforemen-
tioned characteristics of the RF discharge.

l.e. the energy (from an external power generator)
supplied to the plasma accumulates basically in the in-
ternal energy of electrons and only partially changes the
internal energy of ions.

Figs. 6, 7 show the dependence of the accelerating
power and the dependence of the longitudinal coordi-
nate upon the time, where the maximum growth in ac-
celerating force occurs at times between 0 and 0.5 ps
and spatial coordinates between 0 and 5 mm.
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Fig. 5. Time evolution of ion temperature

Since the coordinate of the plasmoid is relatively
small, then in this range of times increase in the speed is
mainly caused by the interaction of the pulsed current of
the inductor and the annular eddy current in the plasma,
which gives rise to an electromagnetic force acting on
plasmoid and provides its acceleration.

In the time range t > 0.5 ps the electrodynamic ac-
celeration is mainly provided by the Ampere's force,
e.g. by the interaction of magnetic field of electric
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CMPA circuit with the current-carrying conductor
(plasmoid). The accelerating force F, (see Fig. 6) has
the second extremum and quite prolonged (t > 2 ps)
zone with negative value Fq < 0.
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Fig. 6. The time dependence of the accelerating force
acting on the plasmoid
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Fig. 7. The dependence of the longitudinal coordinate z
of the plasmoid in the CMPA channel on time t

The calculations show that the most significant fac-
tor limiting the speed V and making a negative force F,

is the term (dm/dt)dz/dt, where m is the mass of the

accelerated plasmoid. This term is responsible for the
decrease in the acceleration by the plasma attachment
over time, initially filling the accelerating channel of
CMPA, and the evaporation of the electrode material
[16 - 20].

Thus, it is clear from the above discussion that the
acceleration channel length should be limited to the area
where the accelerating force is positive, and the plas-
moid velocity reaches the maximum value. Also note
that the pulse flow of the working gas (axial or radial
overlap) should be organized in a channel of the accel-
erator to speed up the plasmoid.
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CONCLUSIONS

The approximate mathematical model was devel-
oped to get the main electrophysical characteristics of
the coaxial magneto-plasma accelerator, including the
preionization of the working substance by helicon dis-
charge. This mathematical model takes into account
shock waves in front of the plasma and its changing
weight, gives a preliminary estimate of transformation
of one type of energy to another, allows to estimate the
contributions of different types of energy and to evalu-
ate the mass of accelerated plasma.

It has been proposed to use a two-stage system to
accelerate the plasma in CMPA. The first stage is con-
structed with inductor that forms a compact plasmoid
and provides its initial acceleration and delivery to the
accelerating channel of CMPA for a further acceleration
(the second stage). The calculations that have been car-
ried out demonstrate that the most essential factor
(along with the braking force cause by appearing of a
shock wave) which limits the value of plasma velocity
is an attached mass which grows eventually.

The work was performed under the Ministry of Edu-
cation and Science of the Russian Federation Project
No. 13.79.2014/K.
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YUCJIEHHOE MOJAEJIUPOBAHUE NMITYJbCHOTI'O IIJIASMEHHOI'O JIBUT'ATEJIA
C CUCTEMOW ITPEJAOHU3AIIMA HA OCHOBE I'EJTMKOHHOTI' O PA3PSIJIA

B.B. Ky3zenos, T.H. Ilono3oea, C.B. Poisckos

Ha ocHOBe pa3paboTaHHOU MPUOIKCHHON MAaTEMAaTUYECKON MOJICNIA UMITYJIbCHOTO IJIA3MCHHOTO IBUTATEIs H
CUCTEMBI TpeIUOHH3aUKN paboyero ra3a ¢ relIMKOHHBIM pa3psioM IPOBEJEH pacyeT OCHOBHBIX 3JIEKTpO(H3HYe-
CKHX XapaKTEePUCTUK KOAKCHAIBHOTO UMITYJIbCHOIO MarHUTOIUIA3MEHHOTO YCKOPUTENSI ¢ €eMKOCTHBIM HCTOYHUKOM
nmutaHus. [IpencTaBneHs ocHOBHBIE mapaMeTpbl BU-NCTOYHNKA M 3aBUCUMOCTH TETIO(QH3UIECKIX XapaKTEPUCTHK
aprOHOBOH IIa3MBI OT BPEMEHH.

YUCEJBHE MOJEJIOBAHHSA IMITYJIBCHOT'O IUIA3BMOBOI'O IBUT'YHA
3 CUCTEMOIO NPEAIOHI3ALII HA OCHOBI I'EJIIKOHHOT O PO3PALY

B.B. Ky3enoe, T.H. Ilono3oea, C.B. Pusickos

Ha ocHOBi po3po0iieHOT HAOIMKEHOI MaTeMaTHYHOI MOJEI IMIYJIBCHOTO IUIA3MOBOTO JBHTYHA i CHCTEMH
neperioHizarii pododoro ra3y 3 relikOHHEM PO3PSIOM ITPOBEACHO PO3PaXyHOK OCHOBHHX €JIEKTPO]I3NIHUX XapaK-
TEPUCTHUK KOAKCIaJIbHOTO iMIYJIBCHOTO MAarHiTOIIa3MOBOTO IPHUCKOPIOBaYa 3 €MHICHHM JDKEPEIOM >KHUBJIICHHS.
[IpencraBneHO ocHOBHI mapameTpu BU-mxepena i 3aMeXHOCT] TEIUIO(I3NIHNX XapaKTEPUCTHK apTOHOBOI IIIa3MH
BiJ Hacy.
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