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THE EXPANSION OF THE EROSION ARC PLASMA FLUX INTO VACUUM

B.A.Uryukov, V.I.Gorokhovsky, V.P.Elovikov

Institute for Superhard Materials of the Ukrainian Academy of Sciences, Kisv, USSR

Introduction. Lyubimov G.A. has proposed to ex-
plain the energy wvalues observed in a vacuum-
arc plasma Jet that were exceedingly higher than
the thermel ones a mechanism based on the hydro-
dynemic nature of the process f1,2/.The author
/3/ has developed a one-=liquid hydrodynamic the-
ory of arcs in vacuum.It should be noted that the
warks f2,3/ employed a free parameter, viz,,the
angle of Jet expansion, and the values of the
important parameters such as the fall of the ca-
thod potential and the vapour flow rete that had
been taken from the experimental data.This work
describes the quasi-one-dimensional theory of
the arc plasma jet into vacuum and the experimmn-
tal data for the mass flow distribution in plasma.
Theory.The expansion of an arc plasma jet inte
vacuum at the absence of a magnetic field is
described by the following one-liquid hydrody-

namic equations set:
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where 7z is the current coordinate; ":l'l -" s 3

M is the enthalpy,f is the electric field stre-
ngth,G,I are the mass flow rate and the inten-
sity of the arc current and 6 is the conductivi-
t¥. The equatlun of atate was taken in the form
p-2-1 fph x=L5e-const ; f-RR’ e
area of the .jet. cross=section. The radial elec-
tric field compared with the longitudinal one
in the arc could be neglected (“— "’;—Q cc A,
wher‘tiis the longitudinal dimension of the jetlh
Then the radially acting ion accelerating force
will be /=0 and the jet boundary will expand
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with & thermal velocity g7 ~5f where M is the

Mach number. Hence, the angle of the jet sxpan-
sion at ™= will be 80 as during the ex-
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It may be assumed that at short distances from

pansion into vacuum under / — =

the cathod the particles of the cathod material
produced by the erosion move along the radii of
r

a sphere sector,the semi-angle of which wou M bel!
By introduction of dimensionless parameters
x=rfl, H=H[Hs, G=0/G0  yore 13=If28an

+
the redius of the :zathod spot and &~ {-cal B
the equations (1-3) could be restricted to ob-

tain two equati ons:
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where _,.-I ZZ is the reduced velocity, f; is the
eritical sound velocity, 3‘{,{} -"ir"'"r‘ ,F'I.{,f,f 'f *"le H
are the gas dynamic functioms, H’ g_,f};?‘f{j 'ﬁ;é’
s GH /T G=[HTU]™

dary conditions at X=1 is H=1

One of the boun-

This case is similar to that for a gas flow from
e spherical source into vacuum. Contrary to the
adiabatic flow under the supply of heat,a sonic
surface moves off the cathod radially,

¥When seeking the second boundary condition one
should bear in mind that at the supply of heat
to the gas flow in a supersonlc nozzle 8 sonic
cross-section,in contrast tothe case of the aphe-
rical adiabatic source,moves to the direction of
the diverging part of the nozzle.Its location
¥=X>7 can be defined from the conditions of =
monotoneous g'|:"r|;|u|||-t.]:|..:"?I in the ¥=Xs neighbourhood,
Assuming that A=1+8[x-%) we tina X, =,.H.f'-?}q
Then on the basis of the obtained tranasition

through the sound velocity the equations set (&4,

5) at =1, f=1, A=1

ted form independent of M provided that new

will assume 2 self-modula-
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variables "?’j.l, ,)l:::;il had been introduced.The in-
tegration of the set should be carried out on
both sides of /-1 .
Experiment. The mass flow distribution in the
staticnary arc was defined by the mass of the
coat condénsed onto tungsten wire probes 0.5 mm
thick placed inside a metal cylinder across the
vacuum arc plasma jet at various distances from
the cathod,The diameter of the copper cathod
wos s = 6 mm. A diaphragm-anode with & hole of
10 mm was placed at the distapce of 20 em from
the cathod between the latter and the wires,The
masa of the condensate on the wires was deter-
pined by the methed of the quantitative apect-
ral analysis similar to f4/f,

In the experiments the wires were placed ln the
wetal cylinder,along its cross-section plane,The
potential of the cylinder and the wires in re-
lation te the plasma waz a floating one.The arc
current was I- BO A and the arc life was ted 8.
The peak teapsrature of the wire within thia pe-
riod did not exceed that of the copper melting.
In other experiments glass diaphregms with a cen-
tral hole of 15 mm were interposed between the
cathod and the anode &t various distances from
the cathod and across the flux. The distribution
of the copper coating thickness on the diaphmgns
whi assessed with the microphotometer by the in-
tensity of the light flux passed through the di-
aphragm,The shape of the Jet boundary when ana=
lyaing the experimental data was defined by the

constant of the fall in exponential dependence

that approximated the thickness distribution of

ghe copper coetlng both on the wire probss and
T
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the diaphragms.

Hesults. Figure 1 shows the calculated dependen-
ces of A and/{ cmf {curves 1,3), that of .»f‘f,f;
at the adiabatic expansion /2/ and the function
}E?E?fhf that is proportional to A ., The va-

luas of ﬂl along the Jet that had been calcula-
NJ 1
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derived from the experimental dependence H#E@ﬁ

ted according to the dependence A=

(when calculating 7 it was supposed that X, =7 mm)
are shown by triangles. The calculated limit wve-
locity velues IL Btf""‘”‘fﬂ:" vacuum—-arcs in va-

pours of &J;-"&l n
13.2, 10.2 x 10° w/s sccordingly.

at I = T00 A were 21.0,

Discussion. The substantlal difference between
the calculated data for the expansion of arc
plesma Jjet into vacuum and for the adiabatic one
may be seen from thelr Gﬂmpll‘iﬂﬂﬂ.Thuslﬂtf-’f1ﬂ2
the Mach number for the arc will be H—*‘—’E.h, for
the adiabatic expansion/M=s4 and J Tidl aserers
trom I/d)derived under the adiabstic expansien
by 200 times. The limlt expansion veloclty Ves
calculated in thisa work,corresponds to the theo-
retical data f2/ which justifies the simplified
approach adopted, The dependence of A along the
Jet obtained in the course of the experiments
conforms well with the theoretical ome what con-
firms the assumption of the thermal nature lying

behind the jet expanaicn phenomenon,
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