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MATHEMATICAL MODELING OF CHARGED PARTICLES
TRANSFER PROCESSES NEAR THE SURFACE IN JETS OF
ELECTRIC PROPULSION ENGINES
KOTELNIKOV M.V., SHANKOV A.V. (x)

Abstract

Pertubat zone near the element of the construction of
Electric Propulsion Engines (electrode) or surface of solid
brought in jet of Electric Propulsion Engines are considered
in two limiting modes: molecular mode and continually mode.
Surface is assumed idealy catalitic with potential Y, . On
sufficient removal from the surface the plasma is assumed
with out perturbation, with zero potential, with density of
charged particles /1, and their temperatures T, . Existence
of the directed motions, external and intrinsic magnetic
fields, electric current 1is assumed.

At molecular mode charged components transfer processes
calculation in the wall is connected with solution of Vlasov
equation for component and Maxwell equations supplemented by
the system of initial and boundary conditions. At continually
mode system comprised the equations of continuity and Maxwell
equations, magnetohydrodynamic equations of motion and also
the system of initial and boundary conditions.

In Figure 8-11 you can see the results of some
numerical experiments.

Nomenclature

", = ion concentration,

7. - electron concentration,

~ = ion temperature,

. - electron temperature,

. - Boltzmann conctant,

€ - electron charge, -

¥» -electrode potential,

<. - electric constant,

I = full current to the electrode,
7, = electrode width,

L, - distribution function of particles,
¥ .- electrode coordinates,

x. - Wall coordinates,

Uiey= drift velosity of plasma,

D, - coefficient of diffusion,
v, - coefficient of agility.

(x) Moscow Aviation Institute, Russia.



Pertubat zone near the element of the construction of
Electric Propulsion Engines (electrode) or surface of solid
brought in jet of Electric Propulsion Engines are considered
in two limiting modes: molecular mode and continually mode.
Surface is assumed idealy catalitic with potential ¥, . On
sufficient removal from the surface the plasma is assumed
with out perturbation, with zero potential, with density of
charged particles /1. and their temperatures T, . Existence
of the directed motions, external and intrinsic magnetic
fields, electric current is assumed.

Electrode has the infinite strip form and is placed on
the infinite insulating surface in the plasma flow (Figure
1).The electrode width is .. At one moment the electrode
receives the potential Y, in form:

6, ()= 4, (t/4T - 1/8) 2+ 05), Y=const (1)

which allows to increases potential smoothly as
P, ~ ¢t 73 to certain value in t =T . As a reaction of
changing potential disturbed region begins to change up to
the equilibrium state.
At molecular mode the system of equations consists of
two Vlasov equations for ions electrons, which may be
written in our conditions as:

’a{-d D]Cnu
TR T

where 4"*: ‘é,(t) N NGV .
function of particles < . & [L. €]

Gradients of the potential for equations (2) may be
defined from the Poisson equation:

is distribution

vl Pl
2 X* YR

P i
Eo(mé M), (3)

where  Na = Na(¥,4,¢) is densities of particles.

Densities of ions and electrons and electric current
densities may be defined as a moments of distribution
functions:
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Na(x,9.4) = f/“* 7Y,V ) ol Vol (v)
Jo(¥,t) = (2:77;)%] f\/yﬁ(t,x,% V, \, )ol Vi dV, (5)
O /Y?J‘C(t,x)—c/}(t,x))olx, (¢)

where I () is a full current to the electrode, ¥, X,
are coordinates of the electrode.

Suppose that in t=0 velocities of particles in the
plasma satisfy the following Maxwell distribution functions:

f<lxsn ) =1, ”(zkr)@”P{ A (&0 V]}

where U = const is a velocity of the flow, e are
densities of particles in a disturbless region.

On the wall where our electrode is, we used next
conditions of unpermeability:

&m %-L(tx y, Va,V,) = (2)

It is supposed that the potential on external borders

of disturbed region is equal to zero. Boundary condition for

the potential on the wall may be determined from the next
one-dimensional Poisson equation:

¢ e
= s e el i (9
O(XZ £o<n‘ ’ ) )

with corresponding boundary conditions.

Surface of the electrode 1is ideally catalytic.
Electrons are absorbed and ions become neutrale on it:
‘#.L(t Y g \/”\/y) % :; 0 / %e[xt,xa] (10)

<
Y

Take into account that particles reflect from the wall:
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For equations (2'- (<’ and initial condition (?) we
used system of scales, which was suggested in [7].

Problem was solved by method of sequental iteration 1in
the time, and whate’s more kinetic equations were solved by
the method of the large-sized particles or method of the
characteristics (1], and Maxwell equations were solved by
modified method, suggested in [2]. v

As a result of calculations on computer we receive
distribution function of particles and their moments:
densities of particles, electric current densities, full
current to electrode, current voltage characteristics of
electrode as a function of velocity of flow (see Figures
27 t).

The case of dense weakly ionized gas is considered at
continually mode. Gas is assumed with density of charged
partieles ", and their temperature 7. .

At continually mode the system comprised the equations
of continuity and Maxwell equations, magnetohudrodynamic
equations of motion and also the system of the initial and
boundary conditions.
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where . (* drift velosity of plasma, ‘., cozfficient

of diffusiorn and agility of charged particles.
Initial and boundarty conditions:
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Ne (t,Xp,0) = Nyt Xy, o)

ato et = n

=0, o, ) S0 b
=0 (1¢)
(13)

where ¥, electrode coordinates, X, wall coordinates.
Problem was solved by method of sequental iteration in
the time. Method of large-sized particles for the solution
of the continually equation and method of "prophecy and
making morte precise" for solution of the Maxwell equations

were used on every time step.
condition of Kurant-Levi (4] :

The time step was chose from

ots.wun{ h ) h,

lverh““‘

_he 4z § (18)
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In Figure 8-11 you can see the results of some

numerical experiments.

Conclusions

The results of this work may be used in theoretcal and
experimental investigations having to do with ion engine
conctruction and other fields of plasma research.
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