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This article sets forth the resul ts  of an investigation of the tempera ture ,  velocity, dynamic 
head, and static p re s su re  in h igh-cur ren t  argon arcs  used in p lasma metal lurgy.  It is 
shown that the velocity and the amount of gas pumped through the column of the arc are de- 
termined by the cur ren t  of the a rc .  A calculation is made and equations are presented which 
permi t  calculating this type of arc on the basis of a simplified equil ibrium model.  Exper i -  
ment is compared  with theory.  

An arc discharge at a tmospheric  p res su re ,  with a strong cur ren t  on the order  of severa l  k i loamperes ,  
obtained in a plasmotron with axial feed of a stabilizing gas,  is a basic new method for the p l a sma-a rc  mel t -  
ing of var ious metals  and alloys.  The possibil i ty of melting in an atmosphere of inert  gas with nonconsuma-  
ble electrodes and a minimum of contaminations makes it possible to obtain high-quality metal in such 
units. The process  of p l a s m a - a r c  melting and the plasmotron are shown schemat ical ly  in Fig. 1. The 
pa ramete r s  of the column of such an arc stabilized by a flow of gas are required for the choice of optimal 
conditions for the industrial p roces s .  

An experimental  study was made of an arc with a length of 100 mm, burning between a water -cooled  
tungsten cathode with a diameter  of 10 mm and a copper  anode. An axial flow stabilizing the argon arc was 
fed into the annular gap between the cathode and a nozzle with a diameter  of 16 mm.  The arc burned ver t i -  
cal ly  f rom the top downward (the cathode above, the anode below). The cathode was arranged ver t ica l ly  at 
the outlet c ross  section of the nozzle.  The column of the arc was studied under the following conditions: 
cur ren t  strength I = 600, 800, 1000, 1400 A; mass  flow rate of stabilizing gas G = 1, 2, 3, 4 g / s e c .  

The following pa rame te r s  were measured:  the temperature  field of the arc T(r, z); the velocity head 
and the static p re s su re  in the column of the arc P(r ,  z),P0; v and pv were then determined f rom the mea-  
sured values of p and T. 

The tempera ture  of the arc was measured  by a spectral  method f rom 
the absolute and relative intensities of the spec t ra l  lines (Ar I = 4040, 
4251, 4345 A; Ar II = 4013, 4348, 4806/k) and from the absolute intensity 
of the recombination continuum in the region 4500 A. Use was made of the 
probabili t ies of transit ions and of the recommendat ions  on measu remen t  
of the tempera ture  by spec t ra l  methods contained in [1-3]. 

For  measurement  of the velocity head and the static p re s su re  in the 
arc ,  a method [4] and a special  pickup have been developed. An uncooled 
Pitot  tube, connected using special packing to the sensitive membrane of a 
condenser- type  microphone,  was shot through the arc column using a mag-  
netic device. The signal of the p res su re  sensed by the receiving opening 
of the Pitot tube was t ransmit ted pneumatically to the membrane  and, u s -  
ing a special  scheme,  was shaped to the form of an e lectr ic  pulse which 

Fig, 1 was recorded  on the screen  of an osci l lograph.  The velocity at which the 
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pickup  was  sho t  t h rough  was  ~0 .5  m / s e e ;  i t  was  s e l e c t e d  f r o m  the 
cond i t ion  of the  t h e r m a l  r e s i s t a n c e  of the  P i t o t  tube .  

The s i g n a l  of the p r e s s u r e  was  c a l i b r a t e d  wi th  r e s p e c t  to a 
m i c r o m a n o m e t e r  in a co ld  f low.  The s e n s i t i v i t y  of the s c h e m e  p e r -  
m i t t e d  r e c o r d i n g  a change  in the p r e s s u r e  of ~10 d y n / c m  2 . The 
s p a t i a l  a c c u r a c y  of the m e a s u r e m e n t s  was  d e t e r m i n e d  by  the r e -  
c e iv ing  opening  of the  P i t o t  tube and was  ~2 r a m .  A s p e c i a l  d i s k -  
type  a d a p t e r ,  c o n n e c t e d  wi th  the m e m b r a n e  of an u n c o o l e d  tube ,  
was  u s e d  to m e a s u r e  the s t a t i c  p r e s s u r e .  The p lane  of the d i s k  was  
d i s p l a c e d  p a r a l l e l  to the  ax i s  of the a r c ,  wh ich  e l i m i n a t e d  the e f f ec t  
of the v e l o c i t y  head  on the r e c e i v i n g  open ing .  

The a c c u r a c y  in m e a s u r e m e n t  of the  h e a d  was  ~ 5 ~  at  the ax i s  
of the  c o l u m n  and ~25% at  the p e r i p h e r y  of the a r c .  

The  f r e q u e n c y  c h a r a c t e r i s t i c  of the p i ckup ,  i t s  s e n s i t i v i t y ,  
and the e r r o r s  in the  m e a s u r e m e n t s  a r e  expounded  in d e t a i l  in [4]. 

The  to t a l  p r e s s u r e  r e c o r d e d  by the p i ckup  P~. i s  the s u m  of 
the v e l o c i t y  head  of the p l a s m a ,  p v ~ / 2 ,  and the s t a t i c  p r e s s u r e  in 
the c o l u m n  of the a r c  P0, which  c o n s i s t s  of the  m a g n e t i c  " p i n c h -  
e f fec t "  and the r e s i d u a l  p r e s s u r e  in the c h a m b e r  (the l a t t e r  was  a l -  
m o s t  a lways  equa l  to 1 atm) 

P ~  = 1/2pv2 + Po " 

If P2~ and P0 a r e  known f r o m  m e a s u r e m e n t s  and T ~ p,  then ,  on the b a s i s  of th i s  e q u a l i t y ,  the  v e l o c -  
of the  p l a s m a  can  be d e t e r m i n e d :  

] /  2(P~--Po) U 
v p 

The s t a t i c  p r e s s u r e  in the  c o l u m n  of the  a r c  can  be c a l c u l a t e d  i f  the l aw of change  in the c u r r e n t  
d e n s i t y  j ( r )  is  known.  F o r  m o n i t o r i n g  and e v a l u a t i o n  of the m e a s u r e d  v a l u e s  of P0, a t h e o r e t i c a l  c a l c u l a -  
t ion of th i s  va lue  was  made  fo r  a p a r a b o l i c  d i s t r i b u t i o n  of the  c u r r e n t  o v e r  the r a d i u s :  

] ( r )  = ]0(1 - - r ~ / R  ~) . 

F o r  such  a d i s t r i b u t i o n ,  the ax ia l  va lue  P0(0) is  c o n n e c t e d  wi th  the t o t a l  c u r r e n t  of the a r c  by the 

fo l lowing equa t ion :  

5I 2 

The r e s u l t s  of m e a s u r e m e n t s  of the ax ia l  v a l u e s  of the t e m p e r a t u r e  T,  the t o t a l  p r e s s u r e  P Z ,  and the 
s t a t i c  p r e s s u r e  P0, the v e l o c i t y  head  P v  in the  c o l u m n  of the a r c ,  as  w e l l  as  c a l c u l a t i o n s  of v and p v  for  a 
c r o s s  s e c t i o n  of the  a r c  l o c a t e d  a t  a d i s t a n c e  of 3 c m  f r o m  the ca thode ,  fo r  G = 2 g / s e e  wi th  d i f f e r e n t  c u r -  
r e n t s ,  a r e  p r e s e n f ~ d  in Tab le  1. 

The r e s u l t s  of m e a s u r e m e n t s  of the r a d i a l  d i s t r i b u t i o n  of s e v e r a l  qua n t i t i e s  in d i f f e r e n t  c r o s s  s e c -  
t ions  a long the l eng th  of the a r c  a r e  shown in F i g .  2.  The t e m p e r a t u r e  at  the  ax i s  of the  a r c  f a l l s  a p p r e -  
c i a b l y  wi th  i n c r e a s i n g  d i s t a n c e  f r o m  the c a t h o d e .  The p r o f i l e  of T(r )  in the c r o s s  s e c t i o n  z 3 = 7 c m  d i f f e r s  
a p p r e c i a b l y  f r o m  the p r o f i l e  of T(r )  in the c r o s s  s e c t i o n  z I = 1 c m .  This  c i r c u m s t a n c e  is  c o n n e c t e d  wi th  
the i n c r e a s e  in the d i a m e t e r  of the  co lumn  of the a r c  f r o m  the ca thode  t o w a r d  the anode  and with  a d e -  
c r e a s e  in the c u r r e n t  d e n s i t y  at  the a x i s .  M e a s u r e m e n t  of the v e l o c i t y  h e a d  showed  tha t  in such  a r c s ,  the  
va lue  of  pv2/2 i t s e l f ,  in c o m p a r i s o n ,  for  e x a m p l e ,  wi th  p l a s m o t r o n s  fo r  cu t t ing  m e t a l s ,  i s  s m a l l .  H o w e v e r ,  
the v e l o c i t y  h e a d  and the v e l o c i t y  of the gas  flow (Table  1, F i g .  2) depend  s t r o n g l y  on the t o t a l  c u r r e n t  of 
the a r e  I .  Thus ,  wi th  an i n c r e a s e  in the c u r r e n t  f r o m  600 to 1400 A, the v e l o c i t y  at  the ax i s  i n c r e a s e s  by  
a l m o s t  tw ice ,  and the d y n a m i c  head  by 2.5 t i m e s .  

A s i g n i f i c a n t  i n c r e a s e  in the c u r r e n t  s t r e n g t h  in such  a r c s  can  l e a d  to a s u b s t a n t i a l  r i s e  in the  
dynamic  head  and to s p a t t e r i n g  of the m e t a l  b a t h .  P r e c i s e l y  for  th is  r e a s o n ,  in s o m e  c a s e s  i t  is  p o s s i b l e  
to l i m i t  the i n c r e a s e  in the c u r r e n t  and the p o w e r  of  the m e l t i n g  p l a s m o t r o n s .  
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TABLE 1. Axia l  Va lues  of P a r a m e t e r s  of Arc ,  G O = 2 g / s e c  

x,A 

600 
800 

t000 
1200 
I400 

T, *K 
P ~ ,  

N/rn ~ 

Po, 

N / m  2 

P/) , 

N l m  z 

1 
v, pv (0), 

m / sec cm z / see 

G, 

g/sec 

i3200 
i3500 
i3800 
14100 
i4500 

200 
250 
300 
400 
520 

I20 
i40 
180 
240 
200 

80 
"1t0 
i20 
160 
220 

70 
83 
95 

i10 
i30 

0.22 
0.26 
0.27 
0.30 
0.34 

0 .6  
0.75 
t . 2  
t . 7  
2 .3  

I t  is  of i n t e r e s t  to eva lua te  the to ta l  amount  of gas G cap tu red  in the co lumn  of the a rc ,  r e l a t e d  to the 
m a s s  flow ra te  of the s t a b i l i z i n g  gas G o . To d e t e r m i n e  the value of G, a s u m m a t i o n  was made  of the d i s -  
t r i bu t i on  of pv in d i f fe ren t  c r o s s  s ec t ions  of the a rc  at d i f f e ren t  c u r r e n t s :  

R 

G = 2n  l rpvdr  �9 
o 

The r ad ius  of the arc  was  d e t e r m i n e d  f r o m  the i s o t h e r m  T ~ 7000~ 

The r e s u l t s  of such  a s u m m a t i o n ,  for  a m a s s  flow ra te  of 2 g / s e c ,  a re  shown in F ig .  3. It  is ev iden t  
f r o m  the f igure  that  the to ta l  m a s s  flow ra te  of the gas through the co lumn  of the arc  depends  s t r o n g l y  on 
the c u r r e n t  s t r e n g t h  I.  With a change in the c u r r e n t  s t r e n g t h  f r o m  600 to 1400 A, G i n c r e a s e s  by 3 t i m e s .  
This  is  a r e s u l t  both of a r i s e  in the ve loc i ty  of the gas and of an i n c r e a s e  in the c r o s s  Sect ion of the a rc ,  
l i m i t e d  by the i s o t h e r m  T ~ 7000~ The value of G does not  r e m a i n  cons t an t  over  the length  of the co lumn  
of the a r c ,  which is connec ted  above all  with an i n c r e a s e  in the d i a m e t e r  of the arc  as i t  approaches  the 
anode .  

F r o m  this  po in t  of v iew,  it  is pos s ib l e  to expla in  a c e r t a i n  spa t i a l  i n s t a b i l i t y  of the arc  n e a r  the 
anode.  At a given m a s s  flow ra te  of the s t a b i l i z i ng  gas Go, with i ts  mot ion  away f rom the cathode an e v e r  
g r e a t e r  amoun t  of this  gas is  c ap tu red  in the a r c ,  and an e v e r  l e s s e r  amount  r e m a i n s  for  s t a b i l i z a t i o n .  

Near  the anode it m a y  tu rn  out that  all  the gas G O is  c ap tu red  in the co lumn  of the a rc  and that  t he re  
is  no s t ab i l i z i ng  gas  c u r t a i n .  In this  case  a spa t i a l  i n s t a b i l i t y  of the a rc  in the anode zone appea r s ,  and the 
work ing  condi t ions  of the p l a s m o t r o n  become  u n s t a b l e .  This  l a t t e r  c i r c u m s t a n c e  may  a lso  be connec ted  
with the m a g n e t o h y d r o d y n a m i c  i n s t a b i l i t y  of the c o l u m n  of the arc  i t se l f ,  as wel l  as with the t u r b u l e n c e  of 
the s t ab i l i z i ng  je t  of cold g a s .  The s t rong  cap tu re  of s t ab i l i z ing  gas canno t  be ignored  with an i n c r e a s e  in 
the c u r r e n t .  As follows f r o m  F ig .  3, with c u r r e n t s  of 1500 A in the g iven  c o n s t r u c t i o n  of a p l a s m o t r o n ,  the 
amount  of gas  s t ab i l i z i ng  the arc  should not  be l e s s  than 3 g / s e c .  

F r o m  the po in t  of view of the cap tu re  of cold gas ,  the arc  behaves  like an e l e c t r o m a g n e t i c  pump.  It  
was r e m a r k e d  in [5] that  the amount  of gas c a p t u r e d  by the arc is d e t e r m i n e d  by the c on i c a l  f o r m  of the 
arc  and the a s soc i a t ed  g r a d i e n t  of the s ta t i c  p r e s s u r e ,  which d r i v e s  the gas f rom the cathode to the anode.  

The s ame  type of m e c h a n i s m  acts  a lso in me l t i ng  a r c s .  This  is  why an i n c r e a s e  in the c u r r e n t  
s t r e n g t h  (and of the g r a d i e n t  of the s ta t ic  p r e s s u r e )  leads  to such a s t r o n g  i n c r e a s e  in the ve loc i ty ,  in the 
ve loc i t y  head,  and in the amoun t  of gas cap tu red  by the a r c .  

The r a d i a l  d i s t r i b u t i o n  of the m a s s  flow ra te  (Fig.  2) ind ica ted  that,  in a c r o s s  s e c t i on  c lose  to the 
cathode,  the gas blows and s t a b i l i z e s  the c o l u m n  of the j e t .  With i n c r e a s i n g  d i s t ance  f r o m  the cathode,  an 
e v e r  g r e a t e r  amount  of gas is c ap tu red  by the a rc ,  the d i s t r i b u t i o n  of pv b e c o m e s  flat ,  and, in c r o s s  s e c -  
t ions  c lose  to the anode,  with a s m a l l  e r r o r ,  i t  ma y  be a s s u m e d  that  pv = cons t .  It m u s t  be noted  that  the 
d i s t r i b u t i o n  of pv(r) along the whole length  of the arc  does not  differ  too much  f r o m  pv(r)  = cons t .  Th i s ,  
by the way, p rov ides  a b a s i s ,  in the f u r t h e r  ca l cu l a t i on  of an a rc ,  for  a s s u m i n g  that  

pv = const ---- G o / n R  2 �9 

M e a s u r e m e n t  of the va lue  of P0(0) in an a re  u s i n g  a d i s k - t y p e  adap te r  g ives  va lues  which are  ap -  
p r o x i m a t e l y  2 t i m e s  lower  than the ca l cu l a t ed  v a l u e s .  This  c i r c u m s t a n c e  ma y  be connec ted ,  in the f i r s t  
p lace ,  with the low a c c u r a c y  of m e a s u r e m e n t s  of the s ta t i c  p r e s s u r e  by this method and, in the second  
p lace ,  with a d i f f e r en t  d i s t r i b u t i o n  of the c u r r e n t  which,  in fact ,  d i f fe rs  f rom the pa r a bo l i c  d i s t r i b u t i o n  a s -  
s u m e d  in the c a l c u l a t i o n .  The r e s u l t s  of m e a s u r e m e n t s  of the d i s t r i bu t i on  of P0(r) ind ica te  tha t  the r e a l  
c u r r e n t  r ad ius  R of the a rc  is obvious ly  somewha t  g r e a t e r  than the r a d i u s  adopted in the ca l cu l a t i on ,  which 
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corresponds  to the i sotherm T ~  7000~ The low accuracy in measurement  of P0(r) at the present  time 
forces us mere ly  to mention these effects without an analysis of their  quantitative aspect.  For  just  this 
reason,  calculated values of P0 were used everywhere in calculation of v and pv. 

Measurements  of the degree of turbulence over a c ross  section of the column of the arc,  made using 
a special  turbulence meter ,  permi t  drawing the conclusion that the flow in the column of the arc has a 
laminar  cha rac t e r .  The degree of turbulence, determined as the ra t io  of the mean pulsation component of 
the velocity v'  to the mean value of the directed velocity Vz(e = v ' /Vz)  , f rom measurements  at the axis and 
at the edge of the column of the arc in the c ross  section z = 3 cm, has the values 0.02 and 0,10, respec t ive -  
ly. The existing pulsations are in all probabili ty connected with instability of the anode and cathode spots 
and with pulsations in the feed source.  Their f requency lies in the range 100-300 Hz. The limited poss i -  
bilities of the turbulence meter  did not permi t  measuring the frequency of pulsations above 1000 Hz. These 
measurements ,  in a subsequent calculated explanation of the resul ts  obtained, permit ted using a laminar  
model of the arc .  

To compare  the data obtained with the theory of an equilibrium plasma,  a calculation was made for 
the column of  an arc in an infinite flow of gas .  

If the proper t ies  of the gas,  in an atmosphere of which the arc is burning, are known functions of the 
temperature  and the p ressure ,  the pa ramete r s  of an a rc  a t the rma l  equil ibrium are determined by s imultane-  
ous solution of the differential equations of energy and motion. These equations were solved by introducing 
simplifying assumptions,  the mos t  important  of which are the assumption of the s teady-s ta te  nature of the 
p rocess  of the homogeneous and laminar  charac te r  of the motion of the gas,  of the constancy of pv, Cp/X, 
and/z, of the absence of se l f -absorpt ion of radiation, and of the incompressibi l i ty  of the gas in the volume 
of the conducting zone of the arc column. The above equations can be represen ted  in the following form:  

OT i 0 [rL OT ~ (1) 
6 E 2 =  Ur ~-PUzCP Oz r Or \ Or ] 

Ov ~ , OPc~ ( o ~  ~ I 0% I OP 
PVz'-~ - =  Oz ~- ~t~ -~ V \ Or 2 -~ T - ' ~  / - -  "-~" -k ~tojzH~ = O (2) 

where T and v 2 are the temperature  of the gas;  or, ~t0, X, ;t, ep, p are the specific e lec t r i ca l  conductivity, 
the magnetic permeabi l i ty ,  the coefficient of thermal  conductivity, the coefficient of dynamic viscosi ty ,  the 
specific isobaric  heat  capacity,  and the density of the gas,  respect ively .  Ur is the energy of the radiation; 
E and H are the intensities of the electr ic  and magnetic fields; j is the cu r ren t  density; p is the p res su re  
of the gas in the a rc .  

To solve the equation of energy (1), we introduce the function 

T 

S = f LdT �9 
o 

The intensity of the e lec t r ica l  field is expressed  in t e rms  of the cu r ren t  of the arc 

R 

I = E (z) I 2~rzdr.  
o 

The proper t ies  of the gas a (S) and Ur(S) are a p p r ~ i m a t e d  by the straight  lines 

0 at O ~ S ~ S 1  

= B ( S - - S x ) = B S *  at S IS S y <S o  
0 at O ~ S ~ S 1  

U r =  A ( S - - S 1 ) = A S * a t  S I ~ S ~ < S 0  

where S 0 are the values of the function at the axis of the a rc .  

The conical  cha rac te r  of the arc in its initial section is taken into considerat ion using the re la t ion-  
ship R(z) = R0f(z),  where R(z) is the instantaneous radius of the arc;  R 0 = RIz __. ~o; and f(z), in the in ter -  
val 0 < z < oo, is a continuous differentiable function, r ising monotonically f rom 0 to 1. The radius of the 
arc in the initial c ro s s  section at the surface of the cathode R k = R I z =  0 is assumed to be known from ex-  
per iment  and to be equal to the radius of the cathode spot. The function B(S0) , which var ies  only slightly, 
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u, v 

80 

~0 

~ o /b  2 ~ ,~.Z ~.g r ,  kA 

Fig. 4 

is assumed to be constant  in the volume of the a rc .  The infrequent increase  of the function A (So) in the 
direct ion f rom the anode toward the cathode is taken into account by the relationship 

A = Ao ~R~ (Ao = A (So) 1 ~ )  

Taking into considerat ion what has been said, we can write Eq. (1) in the form 

R 

I~B  2 n r S * d r  ~ = A S *  ~ - } - 9 V z  ~, oz r Or r 
0 

and the boundary conditions of the problem in the form 

(3) 

s *  ( ~ z )  = o, ~ (~zo) = 0 �9 (4) 

A solution of the quasi l inear  parabolic equation (3) with homogeneous boundary conditions (4) can be 
obtained in the form 

$ r r s,_- ,) ,o (,, (5) 

where 

"rl I 
Soo * = ~qo* [ z ~  = 2~J1 (~;x) e'/" [AoRo 2 + 1"i~] '/~ Ro 

J0(x) is a Bessel  function of zero  order  of the f i r s t  kind; 7 t  = 2.405 is the f i rs t  root  of this function, and 
Jr(x) is a Bessel  function of the f i r s t  o rder  of the f i r s t  kind. If 

(6> 

then 

t [y (~)l n+l LJ [t - / ~  (z){2 -b C: ; 

the pa ramete r  n is determined by the equality 

(7) 

The integral  in the r ight-hand par t  of express ion (7) can be expressed  in finite form in fe rms  of e le-  
mentary  functions for a denumerable se t  of values of the pa ramete r s  n, determined by the express ion N = 
n~+ i / n  2 (n~ = 0 , 1 , 2 , . . . ; n ~  = 1 , 2 , 3  . . . .  ). 

Equalit ies (5) and (7) are the solution to the problem of calculating the temperature  field of the arc,  
since they permi t  finding the value of the function S* at any given point of the conducting zone. 

For  points lying at the axis of the arc 

( " ) l  { }" ~ '  "-h-'z = % ( z ) =  - t - - I  *(z) in /~(z) + t-- /~(z)  C ~ + t  
~=o f2 (z) t --/~ (z) 1~ (z) 
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On the b a s i s  of t h e s e  e q u a l i t i e s ,  we can  ob ta in  e x p r e s s i o n s  d e t e r m i n i n g  the c u r r e n t ,  the  i n t e n s i t y  of 
the e l e c t r i c a l  f i e ld ,  the vo l t age  of the a r c ,  as  we l l  as  the h e a t  l o s s e s  f r o m  the c o l u m n  by  r a d i a t i o n ,  t h e r m a l  
conduc t i v i t y ,  and c o n v e c t i o n .  The unknown quan t i t i e s  in the above e x p r e s s i o n s  a r e  the l o c a l  m a s s  flow r a t e  
of the gas  pv  2 and the r a d i u s  of the a r c  at  in f in i ty  R 0. 

I t  ha s  a l r e a d y  been  po in t ed  out t ha t  the c o n i c a l  f o r m  of the  a r c  l e a d s  to the a p p e a r a n c e  in the c o l u m n  
of the ax i a l  c o m p o n e n t s  of the p o n d e r o m o t i v e  f o r c e s  and of the p r e s s u r e  g r a d i e n t  of t h e s e  f o r c e s  0 P / a z ,  
which  b r i n g s  about  a d i r e c t e d  mo t ion  of the gas  in the c o l u m n .  In th i s  c a s e ,  the  i n i t i a l  s e c t i on  of the a r c  
r e s e m b l e s  an e l e c t r o m a g n e t i c  pump,  suck ing  gas  f r o m  the s u r r o u n d i n g  m e d i u m  and d r i v i n g  i t  t h rough  the 
c o l u m n  in the d i r e c t i o n  of  the anode .  

An e v a l u a t i o n  of the  r e l a t i v e  va lue  of the  f o r c e s  of i n e r t i a  and v i s c o s i t y  shows  tha t ,  at the axis  of the 
a r c ,  the v i s c o s i t y  f o r c e s  a r e  c o n s i d e r a b l y  l e s s  than the i n e r t i a l  f o r c e s  wh i l e ,  at  the p e r i p h e r y ,  the f o r c e s  
of v i s c o s i t y  and i n e r t i a  a r e  c o m m e n s u r a t e .  Th i s  r e s u l t  p e r m i t s  r e g a r d i n g  the s u r f a c e  r = R as  a q u a s i -  
s o l i d  w a l l ,  s e p a r a t i n g  the a r c  f r o m  the e x t e r n a l  m e d i u m  and t r a n s m i t t i n g  f r o m  the s u r r o u n d i n g  m e d i u m  
into the a r c  only  tha t  amount  of gas  which  the " e l e c t r o m a g n e t i c  pump"  i s  c a p a b l e  of pumping .  

As a r e s u l t  of so lu t i on  of the  equa t ion  of mot ion  (2), the fo l lowing e x p r e s s i o n  is  ob t a ined  fo r  the l o c a l  
m a s s  f low r a t e  of the gas  in an a r c  wi th  a l ength  l : 

. F "r,~oP po~/7 (/)]'/~ 
pv~ --  Lt6.~,n (w) Ro, j (8) 

w h e r e  F ( I )  = F(z)  I z = z 0 + l " 

T-10"~ ~ 

/# Z'~, 
-,=,, 
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= i t --  ]~ (z) t 2 t 

t 
C~ = - -  In R~ 2 - -  -7~ [ln R~2] 2 -  t 4 arc sin n~ ~ 

~;1 ~ P r  
t =  

2 AcRe 2 -~ "h ~ 

1Dr i s  the P r a n d t l  n u m b e r ;  P01 i s  the d e n s i t y  of the gas  at  the axis  of the a r c  
in the c r o s s  s e c t i o n  z = z 0 + l .  

In a c c o r d a n c e  with  equa t ion  (8), the v e l o c i t y  of the m o t i o n  of the gas  in 
the a r c  r i s e s  r a p i d l y  wi th  an i n c r e a s e  in the c u r r e n t .  

The r a d i u s  of the a r c  R 0 can  be d e t e r m i n e d  by r e g a r d i n g  the c o l u m n  of 
the  a r c  as a s o l i d  body ,  whose  h e a t  exchange  wi th  the s u r r o u n d i n g  m e d i u m  in a 
f i e ld  of g r a v i t a t i o n a l  f o r c e s  is  d e s c r i b e d  by  the d i m e n s i o n l e s s  r e l a t i o n s h i p  Nu = 
C(Gr)  P r  , w h e r e  C = 3, and I<u, G r  a r e  the N u s s e l t  and G r a s h o f  h e a t - t r a n s -  
f e r  n u m b e r s ,  r e s p e c t i v e l y .  The d e t e r m i n i n g  t e m p e r a t u r e ,  a t  which  the p r o p e r -  
t i e s  of the gas  a r e  s u b s t i t u t e d  into the e x p r e s s i o n  T * = (T 1 + T |  H e r e  T 1 
i s  the t e m p e r a t u r e  a t  the s u r f a c e  r = R,  and T~ i s  the t e m p e r a t u r e  of the s u r -  
round ing  m e d i u m . t  

On the b a s i s  of the above m o d e l ,  c a l c u l a t i o n s  w e r e  m a d e  of the t e m p e r a -  
tu re  f i e ld ,  the v e l o c i t y  of the mot ion  of the ga s ,  and the v o l t - a m p e r e  c h a r a c t e r -  
i s t i c  of an a r c  wi th  a l eng th  of 100 m m ,  with  G = 2 g / s e e .  F i g u r e  4 g i v e s  the 
v a l u e s  ob t a ined  f r o m  the c a l c u l a t i o n  fo r  the v o l t - a m p e r e  c h a r a c t e r i s t i c s  of 
such  an a r c ,  wi th  ( c u rve s  1-7) and wi thout  (curve  8) t ak ing  account  of r a d i a t i o n .  
C h a r a c t e r i s t i c s  1 -7  w e r e  ob ta ined  for  d i f f e r e n t  v a l u e s  of the m a s s  f low r a t e  of 
the gas  G t h roug h  the c o l u m n  of the  a r c  [1) G = 0; 2) 0.5; 3) 1; 4) 2; 5) 4; 6) 8; 
7) 16; 8) 5 g / s e e ] .  I t  i s  e v i d e n t  t ha t  t ak ing  account  of  r a d i a t i o n  and of hea t i ng  

* This  a s s u m p t i o n  is  e x t r e m e l y  rough ,  and the m a i n  d i v e r g e n c e s  be tween  t h e o r y  
and e x p e r i m e n t  a r e  obv ious ly  c o n n e c t e d  wi th  i t .  
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of the gas  r a i s e s  c o n s i d e r a b l y  the v o l t - a m p e r e  c h a r a c t e r i s t i c s  of the a r c .  The s a m e  f i gu re  shows  the e x -  
p e r i m e n t a l  c u r v e  9 (G O = 2 g / s e e ) ,  which  i n t e r s e c t s  the  c a l c u l a t e d  c u r v e s  1 - 7 .  Th i s  c i r c u m s t a n c e  is e x -  
p l a i n e d  by  the f ac t  tha t ,  wi th  an i n c r e a s e  in the f o r c e  of the c u r r e n t ,  the co lumn  of the a r c  c a p t u r e s  an e v e r  
g r e a t e r  amoun t  of g a s ;  t h e r e f o r e ,  u n d e r  r e a l  c o n d i t i o n s ,  the p a r a m e t e r  G does  not  r e m a i n  c o n s t a n t  wi th  a 

change  in I .  

The c u r v e s  (F ig .  4) w e r e  c a l c u l a t e d  for  the cond i t ion  T~ = 2 73~ and t h e r e f o r e  d i f f e r e d  f r o m  the c o n d i '  
t ions  of  the e x p e r i m e n t ,  in which  T~ > 500~ The quan t i ty  Too e x e r t s  an e f f ec t  on the whole p r o f i l e  of T ( r ) ,  
which  l e a d s  to a c e r t a i n  i n c r e a s e  in the e x p e r i m e n t a l  va lue  of G and to a c e r t a i n  d i s p l a c e m e n t  of the c u r v e s  
(F ig .  4) .  A c o m p a r i s o n  be tween  e x p e r i m e n t a l  v a l u e s  of G e (F ig .  3) and c a l c u l a t e d  v a l u e s  of Gt,  a f t e r  the 
i n t r o d u c t i o n  of a c o r r e c t i o n  for  T ~ ,  f u r n i s h e s  a s a t i s f a c t o r y  exp lana t ion  for  the de pe nde nc e  of the v a l u e  of 
G on the c u r r e n t  (see  below) 

I, A 500 t000 t500 
T~ 200 350 700 
at, g/see 0.68 t.54 1.65 
Ge, g/see 0.85 t.70 2.2 

Figure 5 gives distributions of T(r) and v(r), obtained from calculation (I) and measured (2) (I = I000 
A; z = 3 era; G = 2 g/sec). The agreement is satisfactory for v(r) and good for T(r). It is clear from what 
has been said that the proposed calculation model, in spite of all the simplifications and assumptions, per- 
mits a sufficiently simple analytical calculation of the open arc of a melting plasmotron, with a good ap- 
proximation to the real parameters with respect to the temperature and a satisfactory approximation with 
respect to the velocity. 

The calculation also confirms one of the principal results of the experiment, in accordance with 
which a conical open arc constitutes an "electromagnetic pump," pumping an amount of gas proportional to 
the strength of the current. 

I. 

2. 

3. 

4. 

5. 
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