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The erosion pulsed plasma sources (PPS) of coaxial type are the
convenient instruments in conducting flight-space experiments (FSE) on
Earth ionosphere and magnetosphere research.

Twelve sources with pulse energy 100...2000 J were developed and
introduced in missile and satellite FSE in the RIAME MAI from 1975 to
1989. This study is for a single-stage version of the electrothermal
accelerator with storage energy W,=1875 J at operating voltage
Up=2.5 KV [1]. The scheme of PPS is presented in fig.1.

For diagnostics equipment we used the Rogovsky belts, a ruby
laser in the nonspiking mode of free generation, a Mach-Zehnder
interferometer, HVP, photomultipliers [2]. With the help of this
equipment we obtained interferograms of the process in frame operatiocn
of HVP (30 interferograms per one source discharge with frame exposure
Aty =1,6 mcs and relative pulse duration At,=1,6 mcs).

It was established during the experiment that the discharge
carries an aperiodic character with times of the two first
half-periods T,=38 mcs and T,=46 mcs and current peak values I,=72 kA
and I,=64 kKA, correspondingly.

Plasma injection from the discharge channel begins in 3 mcs after
the signal origin from the Rogovsky belt. The maximum value of the
plasma electron component density recorded in the experiments
makes UpP N, nax~1,25%10'® cm 3 and can be reached at a time =25 mcs
from the beginning of a discharge (with the measuring circuit
SEnsItIvity n, o4 a25¢10%5 cm 3y,

The spatial distribution of electron density to a time t=25 mcs
1s given in fig.2.

Plasma ejection from a device conditioned by the substance ohmic
heating in the discharge channel carries an asymmetric time-depended
character. Duration of ejection of the charged component (by the level
of electron density ng=1,5x10'7 cm™3) is t,~80 mcs with the leading
edge rise t,~14 mcs and long trailing edge time (fig.3).

Plasma exhaust velocity from the discharge channel (by the 1level
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we established a cocorrelation between the space-itine variatian
radiation recorded and the plasma  charged e e Jjel
behavior, which 1s 1ikely to indicate a reccmbinztion mechanism

radiation.

Furthe studies of the source injected plasma formation were made
by means of Langmour probes. In particular, it was established that art
distances up to h=1,5m from the source cut the ion concentration
about the axis decays as n;~1/r?-°.

Proceeding from the experiments made we tried to present a
mathematical description of the plasma. jet scattering process. A&
physical-and-mathemetical model suggested here for a PPS operating
process assumes to change a spatial-inhomogeneous plasma formation
the discharge channel for a homogeneous znd equilibrium piasme which
takes up some elffective plasma space. The effect 0f spasial
inhcmogeneity on plasma parameters in the channel is taken inic
acccunt by introducing a number of inhomogeneity factors. It is

assumed that the main mechanism of working substans entry in the

discharges chamnel is conrected with the radiation absorption in the
dielectric surface layer and with the molecule destruction. The
radiaticn flux density cnto the wall obey: the Stefan-Boltzmann law.

In the arc <channel the neutral particles are ionized by an electron
impact. Plasma 1is a three-particle (atoms, ions, glectrons),
lsothermal and equilibrium formation with iaxwell’s distribution
function for each grade of particles. Plasma conduction is conditionad
by eleciron-ion collisions: The evaporatad substance is assumed o
enter th= discharge chanrel without time delay.

A physiczl model thus considered is described by a closed set of
equations not involving the empirical depeidences and coerficients ror
PPS particular modes of operation. The set of equations was solved by
a numerical methed on IBM PC. A mathematical description of the
plasmoid scatterirg from the discharge channel of the coaxial PP3 was
made under the following major assumptions and hypothesis
Suppositions:

distribution or charged particles in the jet is the Maxwellian
one, the probabilitic particle velocity 2qualling their average mass
velocity V; at each time moment;
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particle quantity oN; is found in the z=xpression
on; =6N, f,dv, /dv (3
Here, the elementary cell of geometry volume is as
dV =4m(r+ry)*sin‘9)drdd, (4
where r - distance from the channsl cut to the chosen pocint of
space, rq - distance from the channel «cut to the imaginary point . rom
which the plasmoid scattering is taking place.

Taking 1nto account (I k2 dusin
can write the expres

on (r,d,t)=

Siomu(3) as

4) as

well as dr=tdv and r=vt. we

By 6Ny cos(Xd) (2 £(rar,)2) t73exp (-r2 /(v 2t2)) (5)

The particle density in the point of space (r,?) at time moment Tt
1s the integral

which,

g

(. S LT CORy D,
0

), (T

-1))/0t)dL

regarcing for (5), also remembering oN; /6t=K;S,v,an, whers

S, - outlet hole area of the discharge channel, v, - thermal velocity
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g aeavy particles, & - degree of ionization, a
particles in the channel, can Le rewritten as
T
B (00, TR = fFo PN (=0 )™ 3 Cos (0 ) exp(=r® / (v, *(t-1)1%))dt, (6)
0
where P2 (pary ) 2a 342

o=
Ba= L8 T, e,
W =(Xe-1)/(Xsin(d,)-1) (

YY) ~3

(@)

As for parameters ry and d,, for the charged particle flux from a
coaxial PPS we can assign
0y = 0, SEERdeR) 11E (10)
o = argtglils By %), (11)
where D, - the outlet hole diameter, B - the magnetic/gas-dynamic
pressure ratio.

To determine the charged particle flux density v; - n;(r,d,t) in
every point of the plasma cloud at any time moment we have to
substitute function F, in formula (6) for

Fpv=K; S, vonv, ~2 (12)

A mathematical model of plasma jet scattering (1)....(12) Jjointly
with a system of equations for a calculation procedure of PPS
parameters or with the use of experimentally obtained plasma
parameters in the discharge chamber allows to construct distribution
of the flux charged component density and density in the plasma cloud
peyond the cut of the discharge channel (ref. fig.4).

A comparison of results of the plasmoid parametric calculation
with the experimental data obtained on different PPS models showed in
general their satisfactory correspondence. The best coincidence is
observed at distances from the the channel cut over 20 cm where the
recombination and radiation processes in the plasmoid are not of great
lmportance. A comparison with the experiment showed that for a plasma
Jet parametric calculation at greater distances from the channel cut
there 1s no need to consider the plasma spatial distribution in the
discharge channel. It is sufficient to know the calculating temporal
dependences of the charged particle flux and their average velocity at
PPS cut. The supposition was verified on a cosinusoidal angular
distribution of particles in the plasmoid. It was established that the
charged particle distribution at distances over 20 cm from the cut
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varied by law r-‘2*9)  §=0.4...0,6 for the whole range of the coaxial
schemes of sources thus considered (ref. fig.3s).
As experimental investigations showed, the physical processes in

the near zone of plasma Jjet differ by a greater complexity. Firstly,
the discharge extent 1In space, amd ‘a  itime delay in . the wWorking
substance mass output with respect to dielectric absorption or a
radiant flux results in a violation of temporal dependence between the
charged particles density and the discharge current, while as is
assumed in the calculation the mass enters the discharge channel
without anydelay. Secondly, by plasma expantion, at the expense of
electron pressure gradient, there occurs a change in the distribution
of charged particles related with velocities. And, thirdly, there is a
deviation from the calculation in distribution of charged particles
density caused by a strong radiation from the channel and because of a
recombination near the 'cut  whichy in | the beundaries of the glven
mathematical model was considered as not available (K;=1). However,
the experiment showed that this assumption can be true, perhaps,
beginning from a distance of 30 mm off the cut of the discharge
channel.
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Ing. 1. Plasma source scheme

I=Teflon, 2—Igniter, 3,7- Insulators,

1=Catlivde, 5—Anod, 6—Rogowsky belt

Fig. 2. Spatial distribution of the electron density

(. 107 emrd) at the sut of the souree
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Fig.4. Experimental and theoretical temporal dependences

of charged particles
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