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PLASMA JET DYNAMIC OF COAXIAL PULSED
PLASMA SOURSE OF EROSION TYPE
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I. Krivccosov, V. ;:Lndo in, V. Y ,:

SRAME MA. Russ ia

The erosion pulsed plasma sources (PPS) of naxi::l type are t.i
convenient instruments in conducting flight-space -, peri-ents (FSE) ~
Earth ionosphere and magnetosphere research.

Twelve sources with pulse energy 100...2000 J w-re developed an,
introduced in missile and satellite FSE in the RIAME MAI from 1975 to
1989. This study is for a single-stage version ,f the eiectrothermaln

accelerator with storage energy Wo =1875 J at oerating voltage

iUo=2.5 kV [11. The scheme of PPS is presented in fig.1.
For diagnostics ecuipment we used the Rogc:vskI' y belts , a

Slaser in the nonspiking mode of free generation, a Mach-Zeh.d

interferometer, HVP, photomultipliers [2]. With the help of t!hi

equipment we obtained interferograms of the process in frame operation
of HVP (30 interferograms per one source discharge with frame exposure
Ax-,=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 T2 =46 mcs and current peak values I,=72 kA
and 12=64 kA, 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 up nemaxzl,25*10 1 8  cm- 3 and can be reached at a time -25 mcs
from the beginning of a discharge (with the measuring circuit
sensitivity ne,min=5*10 16 cm - 3 ).

The spatial distribution of electron density to a time t 25 mcs
is 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 ne,5*101 7 cm- 3 ) is t,-80 mcs with the leading

edge rise t2z14 mcs and long trailing edge time (fig.3).

Plasma exhaust velocity from the discharge channel (by the level
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lI'rhe s ujii s oi- f te source inj ctd plasma : : i ' .'
bvy P: . Lan mo- . pri~! :. In part icii . it wi , r. I. I "

d i .Ta t ie: up to h 1 ,' m f'rom the source cu iit. , i I i ' ii.i

abi: t .h 'A- axis dec:ays as Ili'l.r2 5
ProIceeding frorn t.h' experiments made we t.ried I o ['ires

matLe5:im tcal descripti. ; ,ii the plasma et sat ~ IO ; '! ;'P e . ,
physical -and -matheeet, ic 1 model suggested here i' a' PS per
process .assumes to chang, a spatial-inhomogeneo.s ps;ia. t. :m ::nti , .

t.e d icarge channel r I a limogeneous <ad - i i -: p.
takes .;p some f ect - plasma space. The I:. :; '

Iriho e ty on p n parameters in the i.hannl is. tai :'
acoulnt y introducilng number of inhomogene ty factors. ,
ass umed that he main mechanism of ,orkir_ subst.ans entry in i
discha . channel is corc:.ected with the rad;iiati':o aisor inl
dielectric i surface laser and with the molecule destructi n. I.
rafia t u flu:.: dens it y nto the wall obey. the f tefan-Bo lt ian n - ..
In the -arc channel t- neutral particles are ilnized e: an el tr

impact. Plasma is a three-particle (atoms. ions, electr: , ,
iso ther~al and equ il bium formation with :li xwell's dist ib; 1 :
fulnction for each grade if narticles. Plasima conuctilon i conditiioni.
by elecvron on collisions. The evaporated s.ubstance is assum--d
ent er th-- di:,iiarge ciiannr,el without time d lay. :

A !ysical model t:us considered is :e.scr§ied b a clos,-ed s-t . r

equation., not involving rhe empirical depe:e;.e:-ce.- and coefficient.., ,
PPS particular modes of operation. The set of equations was solved by
a numri-al methed on IBM PC. A mathemrn-atical description of t.e
plasmoid scatterirg from the discharge channel of the coaxial PP.: wVa
made under the following major assumptions and hypo the:-, I.
supposi t ions:

distribuition o; ciharged particles i;: the jet is the Maxwell ni
one. ,;he probabilitic particle velocity -iqualling their average mass
velocit.y Vi at each time moment;

I



V BV V~r'U ~F VPi 1 !.--K1ia t i on fact, r, X ]1 20 ). K o iIalflPid
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3Th e parit i c e d 1ns i ty i n the nic ropiaSmoi1d 'iat te ri ,
ole ~ua. 1 1 LPV In 1- he -xpressi on

6n-1 =6N1 f vdVv,'AV
I He r e. rhe elemIPntary cell of geometry volume is ais

d\" =4_iC~r+r) 2 Sir A) drdO
where p ~I ic from the channel cut t~o the :hosen p, in t ~

sp CF- r0 -dsac from the channel cut to the imaginary point Cc
which!-, the plasmoidi scattering is taking place.

Taking intc account, (1) (2), (4) as well as dr-tdv and i-vt, w*
Wr ite t e:-,, .3s or. (3) a sU6n, (r, 0 t) = B 6N cos (V )(r 2 /r+ r) 2 )t-3 exp (-r 2 /(V 2 t 2 ) (5
The Particle density in the point of space (rO.) at time moment T

is the integral

0

which, peuigfor (5), also remembering 6111 /6t=K1 Sa vaan, WE'IP

Sa - outlet hole area of the discharge channel, va - thermal velocity
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As 'ur piarameters ro and 0  i or the chal es i'i fI l x t iro a
coaxial PPS we can assign

-o 0, 5Da ( l+P)1 7'2 . V I
o arctgt (1 1)-1/), (11;

v,'here Da - the outlet, hole diameter, P - th.. .- ,:- J- * .

To d et erine the charged ,ari'tl e flUX e .I W;. , 1 - Vi ,r, , 5' Ci 1

every point of the plasma cloud at any time moment we have to
substitute function Fn in formula (6) for

Fn =vKiSaVaanvi -2 (12)
A mathematical model of plasma jet scattering (1).... (12) jointly

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 :
beyond 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
importance. A comparison with the experiment showed that for a plasma
jet parametric calculation at greater distances from the channel cut
there is 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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Siubs ancle mass output wi th respect to (ali' i t I. iborptlun -

radiant flux: results in a violation of temporal dipe':.;: :e between the
charged particles density and the discharge crn , while as is1 assumed in the calculation the mass en ters the d L.- harge channel

without anydelay. Secondly, by plasma expantion, the expense :
electron pressure gradient, there occurs a change in the distribution
of charged particles related with velocities. And, thiirdly, there is a
deviation from the calculation in distribution o1f Charged particl-e
S density caused by a strong radiation from the channel andi because of
'recombination near the cut which in the -^ 'ar f the ,i9 ':-

mathematical mde was -onsidered s o availale . Howe ve.
the experiment showed that this assumption can be true, perhaps

beginning from a distance of 30 mm off the cut of .he discharge
channel.
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