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THE EXPANSION OF THE EROSION ARC PLAS~~ FLUX INTO VACUUM 

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

Institute tor Superhard Materials of the Ukrainian Academy of Scienc es, Kiev, USSR 

Introduction. Lyubimov G. A. has proposed to ex-

plain the energy values observed in a vacuum­

ere plasma jet that were e~ceeding ly bighe~ than 

the thermal ones a mechanism based on the hydro­

dynemic nature o! t he process /1 , 2/ . The author 

/3/ has developed a one-liquid hydrodynamic t~ 

ory of arcs in vacuum. It should be noted that the 

works /2,}/ employed a free parameter , viz.,the 

angle of jet expansion , and the values of th~ 

i mportant parameters such as the fall o! the ca­

thod potent13l end the vapour flow rete that hOO 

been taken from the exporimentel data . This work 

describes the quas i - one- dimensional theory of 

the arc plasma jet into vacuum and the exper~­

tal data for the mass !low distribution in plasM. 

Theory . The expansion of an arc plasma jet into 

vacuua at the absence of a magnetic field is 

described by the following one- liquid hydrody-

namic equations set: 
.f l!J: G ~cons!, 
t>IJ df +-dE :0 

J d& d.t!. 

11 dH ·[ .P JT'I , j =GE 

Ul 

(21 

( 3 ) 

coordinate~ f/' h • 11' . 
2 ' where l is the current 

h is the enthalpy , [ is the elec tric f i eld stre­

ngth, G, I are the mass flow rate and the l nten-

sity of the are current and G is the conductivi ­

ty . The equation of state was taken in the forD 

p. ~.; 1 jh; ~ : if.-'conrl ; f ,JLR! is the 

area of the j~t cross- section. The radial elec­

tric field compared with the longitudinal one 
£< fl { in the ore could be neglected { £, ~ L £< , 

where L is the longitudinal dimension o! the jet). 

Then 

"ill 

with 

the radially acting ion accelerating force 

be F, - 0 and the jet boundary will expand 
~ - 1 

a thermal velocity d. z - M where M is the 

Mach nQmber. Hence, the angle of the jet expan­

sion at r-- will be 9-0 as during the eY.­

pansion into vacuum under r- - is 11-­
It may be assumed that at short distances from 

the cathod the particles or the cathod material 

produced by the eroeion move along the radii of 
' a sphere .s:ector , the semi-angle of Yhlch wc:uli t:>eiJ 

By introduction of dimensionless parameters 
x: r(r., fi ,H/H., G:G/6. "here r;,:lj2fia!-< J.• 

• 
the red ! us of the ::athod spot and a. : f -c(J:j8 

the equations (1-3) could be restr1~ ted to ob-

tain t wo equations: om. 
dH _ 2 T(l} 
d7 - KX'~ T(!l} z 

{5/ j;-JfHl(AJ] =fH Jl x 
~here }=~ is the reduced velocity, [ 1 is the 

critical s~und velocity, Z/.ti):JI f }; T(JJ--1 -Af:;-/ 
are the gas dynamic !uncti ons, K ~lffta T!IY'"'o;6• 
'r; H./I2

j G":[H TfJil}"' One o f the boun-

dary conditions at X• l is H •1. 

This case is similar to that tor a gas !lov ftQm 

a $pher1cal source into vacuum. Contrary to the 

adiabatic f low under the supply of heat,a sonic 

surface moves off the cathod radi al ly . 

When seeking the second boundary condition one 

shoul d bear i n mind that at t he supply of heat 

to the gas f low in a supersonic nozzle a sonic 

cross- section, in contrast to the case of the s~ 

ricel adiabatic source,raoves to the di rection o! 

the diverging part of the nozzl~.Its location 

X= X..> { can be defined froa:~ the cond1 tions of a 

llilonotoneous growth Jf in the X=X~ neighbourhood . 
- ... {;.-171 

ASSU!Iling that R" l•lJ (1 -X,) we !ind X, ~(H H) 

Then on the basis o! the obtaln~d transition 

through the sound velocity the equations set (4, 

5) at q•l,f•l, A=l will ass=• a self-modula­

ted form independent of X provided that ne•,tr( 
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variablu 'l ~X ""•.!! bad been introduced . The in-
11 1 •r H, 

te&rat1 on of the set should be carried out on 

both aid.. of lj = I 
txper1ment . The ~ss flov distribution 1n the 
at&tionary are was defined by the mesa ot the 
coat condensod onto tungsten ~ire probea 0 . 5 mm 

thick placed inside a metal cylinder across the 

vacuucn arc plasma jet at various distanc&s from 

the cathod.The di ameter of the copper cathod 

~as d~ • 6 mm. A diaphragm- anode with a hole of 

10 m.m ...,., placed a t 'the di s tance of 20 IDil fro• 

the cathod between che latter and the w!rla. The 

.. , , of the condensate on the wires VO l deter-

mined by the oethod of the quantitative apect­

ral analysis similor to /4/ . 

J:n the experiments the wi r ·es were pla ced 1n the 

metal cylinder,along lts cross- section pl& ne.Tbe 

potuntial ot the cyli nder and the wirea 1n re­

lation to the plasma was a floati ng one.The ore 

current .... as I • 80 A and the a rc life was ~' s. 

The peak t.empor ature of the 'tt'ira within this pe­

riod d1d not ex~eed tha~ of the copper melt1ns. 

In other experi•en~s glass Qiaphrag•s with a cen­

tral hole of 15 =m vere interposed betveen the 

cathod and the anode at various diatancea fro• 

the cathod and across ~he !lux. The d.1.str1but1cn 

ot the copper coating thickness on the d1aphreiJ11 $ 

wes assessed with the mterophoto~eter by the tn­

tenolty of the l!ght flux passe~ through tho di­

aphragm . The 5hepe of the jet boundary "ihon ana­

lysing tho experimental data was defi ned by the 

conatant ot the fall in exponential dopendonce 

that approximated th~ thickness distribution of 

~h.~e~~~~~~~-=~:.; 

'11-----.:--_j Flg. 1 The diatributi-
• I on ot V8Cu~oun-urc.s 
~ chA~acteriatlca I ~ along tho length 

~t 
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the diaphragms • 

Results. Figure 1 3howa the ea leuleted dependen­

ces o! A and_! on'! (curvos 1 , 3) , tbat o! J/qJ 
at tbe adiabatic oxpansion /2/ and the functi on 

J T(;I) /4/ tbat is proportional to -i . The va­

lue• of ;I along the j e t tho t had been caleula-
,/ l £,j-l I 

ted according to th& dependence ;I :v1,_
11

; ;. r 
-r l 

derived from the experimentel dependence f1::c~D 

{ when calculating 'l 1 t. vas ~ uppostd tha t X., •1 ntn) 

are shown by t~ianglea . The c a lculated ltmit ve­

locity va lues "(. etf"' 000 !o:- vaeuu=-arcs in va­

pours or- (u ,Nt: ln.. at I • 100 A ... ere 2 1. 0 . 

1}. 2 , 10. 2 x 10} •I• accordingly . 

Discuss ion. The substantial di!!erence be~veen 

the calcula ted da ta !or the expa nsion of arc 

plasma jet into vacuum and tor the adiabatic one 

may be seen from their comparison . Thus, at~-"='102 

the Mach number for t he oro wi ll bef1~6.4, tor 

the adiabatic expan•ion He 54 and f T(.;l) dH!ers 

!rom Tfi)derived under the adia batic expan•ion 

by 200 time~ •. 'l"h• lia:al t expansion veloci t;· if_., 

cal~ulated in th1s vork ,corresponds to the theo-

retical data /2/ vh1cb justl!1e• the si~pli!iod 

approach adopted . The dependence o! A along 1hc 

jet obtained i n the course o! the exper i ments 

con£orms well with the theoretical one what con-

firms the assu~r~ption ot tho thermal nature l ylng 

behind the Jet expansion phenomenon. 
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