
CHARACTERISTICS OF A STABILIZED ARC IN A CHANNEL 

WITH A DISTRIBUTED GAS FEED 

G. M.  M u s t a f i n  

The c h a r a c t e r i s t i c s  of an e l e c t r i c  a r e  in a sec t ional  channel with a d i s t r ibu ted  gas feed a re  i n v e s t i -  
gated.  The good p r o s p e c t s  of us ing such channels  as an i n t e r e l e c t r o d e  i n s e r t  in p l a s m a t r o n s  a re  shown in 
[1, 2]. 

V o l t - a m p e r e  and t h e r m a l  c h a r a c t e r i s t i c s  of the a rc  in a wide range  of lengths  of the i n s e r t  a r e  ob-  
ta ined.  The d i s t r ibu t ions  of potent ia l  and e l e c t r i c  f ie ld  of the a rc  in the i n s e r t  reg ion  a re  inves t iga ted .  It 
is shown that the i n s e r t  can i n c r e a s e  the a r c  vol tage  and mean  m a s s  s tagnat ion enthalpy of the heated gas 
by a f ac to r  of two or  t h r ee  in c o m p a r i s o n  with an o rd ina ry  t w o - c h a m b e r  p lasmat rono 

Notation.  U, V - a r c  vo l t age ;  I, a - a r c  cu r r en t ,  V, V - a r c  po ten t ia l ;  v~ cm - l e n g t h  of i n s e r t ;  

E, u �9 cm -1 - l o n g i t u d i n a l  component  of e l e c t r i c  f ie ld  in a r c ;  < E >, V �9 cm-1  _ mean  va lue  of E in i n s e r t  
r eg ion ;  G, g �9 sec  -1 - a i r  flow ra t e  through a rc  c h a m b e r ;  d a, d, d c, cm  - i n t e r n a l  d i a m e t e r s  of anode, 
i n se r t ,  and cathode,  r e s p e c t i v e l y ;  r ,  z, c m - c y l i n d r i c a l  coo rd ina t e s ;  Q1, Qz, Qa, k W - a m o u n t s  of heat  
r e m o v e d  f r o m  ins ide  e l ec t rode ,  i n se r t ,  and out let  e l ec t rode ,  r e s p e c t i v e l y ,  in 1 sec ;  ~ - t h e r m a l  e f f ic iency  
of p l a s m a t r o n ;  ~1, 77z, 7?a-values of Q1, Q2, Q3 as % of a r c  power ;  T, ~ - m e a n - m a s s  s tagnat ion t e m p e r a -  
t u re  of gas flow at p l a s m a t r o n  outlet  ; Ah, k J / k g  - m e a n - m a s s  s tagnat ion enthalpy of gas flow in same  con-  
di t ions .  

1. E x p e r i m e n t a l  Appara tus .  Fo r  the a re  inves t iga t ion  we used  the p l a s m a t r o n  i l l u s t r a t ed  s c h e -  
m a t i c a l l y  in F ig .  l a .  The w a t e r - c o o l e d  copper  e l e c t r o d e  1, the outlet  e l e c t r o d e  2, and the i n s e r t  sec t ions  
3, insula ted  f r o m  one another  and f r o m  the e l e c t r o d e s ,  f o r m  the a rc  c h a m b e r  of the p l a sma t ron .  The 
po la r i ty  of connect ion of the e l e c t r o d e s  was r e v e r s e d ,  i oe . ,  the outlet  e l e c t r o n  was the cathode.  The gas  
was d i s cha rged  into the a t m o s p h e r e .  The p r e s s u r e  in the a rc  c h a m b e r  in the reg ion  between the anode and 
f i r s t  sec t ion  of the i n s e r t  was 2-4 arm, depending on the p a r a m e t e r s  of the p l a s m a t r o n .  

The e x p e r i m e n t s  w e r e  conducted with d c = l .  4 em,  d = l  cm,  and d a = l .  2 cm.  The lengths  of the ins ide  

and outlet  e l e c t r o d e s  w e r e  17.2 and 6 cm, r e s p e c t i v e l y .  Fo r  c o m p a r i s o n  of the c h a r a c t e r i s t i c s  we also 
c a r r i e d  out e x p e r i m e n t s  on a t w o - c h a m b e r  p l a s m a t r o n  with a smooth outlet  e l e c t rode .  In th is  case  the 
length of the outlet  e l ec t rode  was 30 cm.  The length of the i n s e r t  v a r i e d  f r o m  18 to 43 cm.  The sec t ions  
of the i n s e r t  w e r e  of d i f fe ren t  t h i cknes se s  and w e r e  a r r a n g e d  along the i n s e r t  in groups  in o r d e r  of d e -  

G - J ~ . 

1 + b 

Fig .  1. D i a g r a m  of p l a s m a t r o n .  
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Fig.  2o U-~ c h a r a c t e r -  
i s t i c s  of a rc :  3) a=18o8 cm;  
4) a = 2 3 . 2  cm;  5 and 9) 
a = 3 3 e m ;  6) a=38 era; 
7 and 8) a=43 cm.  

were  d e t e r m i n e d  by RS-5, RS-7, 
m e a s u r e d  with an M366 vo l tme t e r  of accu racy  c lass  1.0 and an LM-1 i n s t r u m e n t  of accuracy  c lass  0o 5. 
The potent ia ls  of the insu la ted  sec t ions  re la t ive  to the cathode were  m e a s u r e d  with S-50 e lec t ros ta t i c  vo l t -  
m e t e r s  (1- and 3-kV scales)  of accu racy  c lass  1.0 and an S-95 vo l tme te r  (1.5-kV scale) of accuracy  c lass  
1 .5 .  

The expe r imen t s  showed that the ae rodynamics  of the gas flow en te r ing  the in t e r sec t iona l  gaps had a 
cons ide rab le  effect on s tab i l i za t ion  of the arc  and the breakdown voltage between the a rc  and wall of the i n -  
se r t  sect ion.  In [1] the i n t e r s ec t i ona l  gaps were pe rpend icu la r  to the p l a s m a t r o n  axis .  In this  work the 
gaps between the sec t ions  were  at an angle of 72 ~ to the axis and the opening f rom the gap into the channel  
was smoothed off in the d i r ec t ion  of the flow (Fig. 1, b). This  ensu red  smoother  flows; led to s table  
opera t ion  of the p l a sma t ron ,  and enabled us to c a r r y  out inves t iga t ions  of the arc  in a s igni f icant ly  l a r g e r  
range  of lengths .  In addition, the in t e r sec t iona l  i n su l a to r s  were shielded f rom radia t ion .  Replacement  of 
the ins ide  end- face  e lec t rode  used in [1] by a hollow cy l indr ica l  type and the appl icat ion of magnet ic  f ields 
to the end reg ions  of the arc  enables  us to operate  the p l a s m a t r o n  for  long per iods  without s ignif icant  e r o -  
s ion of the e l ec t rodes .  

2. Vo l t -Ampere  and The rma l  C h a r a c t e r i s t i c s .  F igure  2 shows U- I  c h a r a c t e r i s t i c s  obtained for  
i n s e r t  lengths  va ry ing  f rom 18 to 43 cm (curves 3-9).  For  compar i son  the same f igure  shows the U-I  
c h a r a c t e r i s t i c s  of a t w o - c h a m b e r  p l a s m a t r o n  with a smooth outlet e lec t rode  (curves 1, 2). Curves  1 and 8 
co r re spond  to G=10 g .  sec -1, and the others  to G=15 g~ sec -1. The f igures  show that an i n c r e a s e  in the 
length of the i n s e r t  with a d i s t r ibu ted  feed of gas into the in t e r sec t iona l  gaps can lead to a cons ide rab le  
i n c r e a s e  in the a rc  voltage.  Fo r  ins tance ,  cu rves  2 and 7 in Fig.  2 show that when I=  180a the a rc  voltage 
in a p l a s m a t r o n  with an i n s e r t  is approx imate ly  2.8 t imes  g r e a t e r  than the arc  voltage in a p l a s m a t r o n  
without an i n s e r t .  

As d is t inc t  f rom the data of [1], the U-I  c h a r a c t e r i s t i c s  a re  descending.  One of the poss ib le  r ea sons  
for  the descending  U-I  c h a r a c t e r i s t i c s  is shunt ing of the arc  in the ins ide  e lec t rode .  To de t e r mi ne  the role  
of shunt ing we conducted an expe r imen t  with an end- face  ins ide  e lec t rode  (curve 9, Fig.  2). A compar i son  
of cu rves  5 and 9 shows that in the l a t t e r  case the arc  voltage and the s teepness  of the U-I  c h a r a c t e r i s t i c  
a re  s l ight ly  reduced,  but the c h a r a c t e r i s t i c  is st i l l  descending.  The cause of fo rmat ion  of a c h a r a c t e r i s t i c  
of this  fo rm will be cons idered  below. 

c r e a s i n g  th ickness  in the d i rec t ion  of the gas flow. This was dictated by 
the reduc t ion  in breakdown potential  between the a rc  column and the s ec -  
t ions  in the d i rec t ion  of flow due to the reduct ion  of th ickness  of the l a y e r  
of cold gas in the b r e a k d m ~  gap. In the expe r imen t s  we used sect ions  
2, 1.5,  and i cm thick.  

Air  was admit ted at flow ra te  G 1 into the ins ide  e lec t rode  through 
two tangent ia l  or i f ices  of d i a m e t e r  1.2 m m  at a d is tance  of 2.5 cm f rom 
the p l a s m a t r o n  axis .  The flow G 2 en te red  the a rc  chamber  through four  
tangent ia l  or i f ices  of d i a m e t e r  1o 5 m m  at a d is tance  of 4.5 cm f rom the 
p l a s m a t r o n  axis .  The flow G 3 en te red  the i n t e r - s e c t i o n a l  spaces  through 
vor tex  r ings  and was d i s t r ibu ted  through the i n t e r - s e c t i o n a l  gaps of 
width 2 -2 .5  mm along the arc  chamber ,  as shown in Fig.  1, a a n d  b~ 

The i n t e r - s e c t i o n a l  vor tex  r ings  each had two tangent ia l  or i f ices  
0o 8 m m  in d i a m e t e r  at a d is tance  of 2.0 em f rom the p l a s m a t r o n  axis.  

The total  a i r  flow ra te  G=Gt+ G 2 + G a va r ied  f rom 10 to 20 go sec -1. 
The flow ra t e s  GFGz:G a were  in the ra t io  1:4 .1:7 .4 .  

The p l a s m a t r o n  was s ta r t ed  by means  of a wi re .  After  ignit ion the 
a rc  4 occupied the posi t ion AB. Movement of the arc  spots A and B over  
the inside cy l indr ica l  su r faces  of the anode 1 and cathode 2 was secured  
by the vor t ica l  mot ion of the gas through the chamber  and by the magnet ic  
f ields of solenoids  5 and 6. 

The t e m p e r a t u r e  of the cooling water  was m e a s u r e d  by m e r c u r y  
t h e r m o m e t e r s  with 0.5 ~ C scale  d iv i s ions .  The water  and a i r  flow ra tes  
and R~D model No. 3101 r o t a m e t e r s ~  The arc  voltage and c u r r e n t  were 
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Fig.  3. Stagnation t e m p e r a t u r e  and m e a n - m a s s  enthalpy as funct ions of I, a; the 
a r rows  indicate  to which ve r t i ca l  axis  the curve  co r responds  ; points  1 and 2 for  I= 
180, G=10, points 3 for  a = 3 3 ,  G=16, points  4 for  G=15. 

Fig.  4. Eff ic iency of p l a s m a t r o n  as function of i n s e r t  length (curve 1 for  I=180, 
G=lS),  a rc  c u r r e n t  (curves 2 for  a=33, G=15), and gas flow ra te  (curve 3 for I= 
180, a =33). 

As Fig.  2 shows, the arc  voltage depends s igni f icant ly  on the gas flor162 ra te  through the arc  channel .  
Fo r  ins tance ,  a compar i son  of curves  7 and 8 shows that for  c u r r e n t  I=180 a an i n c r e a s e  in the flow ra te  
by a factor  of 1.5 ffrom 10 to 15 g .  sec -1) leads  to an i n c r e a s e  in the a rc  voltage in a p l a s m a t r o n  with an 
i n s e r t  by 49 0 V, whereas  for a two-chamber  p l a s m a t r o n  with a smooth outlet e lec t rode  {curves 1 and 2) 
in the s a m e  condit ions the voltage i n c r e a s e  is only 135 V. 

As is known, in an o rd ina ry  p l a s m a t r o n  with a se l f - ad jus t ing  arc an i n c r e a s e  in the gas flow ra te  
leads  to an i n c r e a s e  in the a rc  length and the e l ec t r i c  field in the reg ion  of the column s i tuated along the 
channel  axis .  These two effects help to i n c r e a s e  the a rc  voltage.  In a p l a s m a t r o n  with an i n s e r t  the length 
of the a rc  is  p rac t i ca l ly  independent  of the gas flow ra te  and, hence, the i n c r e a s e  in U with i nc r ea se  in G 
is  due to i n c r e a s e  in the e l ec t r i c  f i e ld  of the a rc .  Since the arc  is  longer  in a p l a s m a t r o n  with an i n s e r t  
than in an o rd ina ry  p l a sma t ron ,  then even a smal l  i n c r e a s e  in the e l ec t r i c  field leads  to a l a rge  i n c r e a s e  
in U of the a re .  In addition, at the outlet end of the arc ,  as will be shown below, the e l ec t r i c  field is f a i r ly  
high and depends s igni f icant ly  on the gas flow ra te .  

The arc in an o rd ina ry  p l a s m a t r o n  is r e la t ive ly  shor t  and in the inves t iga ted  range of p a r a m e t e r s  the 
h i g h - t e m p e r a t u r e  a rc  p l a sma  occupies only a smal l  reg ion  n e a r  the channel  axis,  and the bulk of G flows 
past  the a rc  without being heated to a high t e m p e r a t u r e .  This,  in pa r t i cu la r ,  explains  the re la t ive ly  smal l  
i n c r e a s e  in the voltage of the se l f - ad jus t ing  a rc  with i n c r e a s e  in the gas flow ra te .  In a p l a s m a t r o n  with 
an i n s e r t  the h igh - t empera tu r e  par t  of the flow occupies a l a r g e r  region,  i . e . ,  a l a r g e r  par t  of G i n t e r ac t s  
with the a rc .  This  accounts  for the grea t  i n c r e a s e  in U with i nc r ea se  in G in a p l a s m a t r o n  with an i n s e r t .  

With a-> 33 cm the U- I  c h a r a c t e r i s t i c s  were  recorded  also for  the case  of d i rec t  polar i ty .  Within 
the l im i t s  of m e a s u r e m e n t  e r r o r  at c u r r e n t s  of 100-200 a they coincided with the U- I  c h a r a c t e r i s t i c s  of the 
arc  in the case of r e v e r s e d  pola r i ty .  This  is  an impor tan t  p roper ty  of the U - I  c h a r a c t e r i s t i c s  of the a rc  
in a p l a s m a t r o n  with an i n s e r t  and indica tes  that with long i n s e r t s  and high c u r r e n t s  the a rc  has an a lmos t  

constant  length.  

TABLE 1 

a, / U,V 
am 

t8.8 !' 975 
188 t230 33 1365 

1539 

Q~, kW 

5.57 
5.06 
5.09 
5.64 

Q~, kW 

27.27 
5O. 36 
69.05 
91.27 

O,. kW 

15.22 
20.09 
20.57 
22.75 

"~,, % 

3.t5 
2.27 
2.06 
2.04 

i5.43 
22.63 
27.98 
32.98 

8.6t 
9.03 
8.33 
8.22 
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Fig .  5. D i s t r i bu t i ons  of V (curves  1, 2, 3, 4) and E (curves  5, 6, 7, 8) in i n s e r t  
r eg ion ,  a=23.2 era;  I=100 a fo r  c u r v e s  1, 5, 3, 7; I=180 a for  c u r v e s  2, 6, 4, 8; 
G=15 fo r  c u r v e s  1, 5, 2, 6; G=10 for  c u r v e s  3, 7, 4, 8. 

F ig .  6o D i s t r i b u t i o n s  of V (curves  1% 2, 3, 4) and E (curves  5, 6, 7, 8) in i n s e r t  
r eg ion ,  a =38 em;  the p a r a m e t e r s  of the c u r v e s  a r e  the s a m e  as  in F ig .  5. 

The m e a n - m a s s  s tagna t ion  t e m p e r a t u r e  of the hea ted  gas  at the p l a s m a t r o n  out le t  i s  shown as  a func-  
t ion of the i n s e r t  length in F ig .  3 (curve 1). This  f i g u r e  shows that  for  a g iven c u r r e n t  the  r a t e  of i n c r e a s e  
in the  m e a n - m a s s  t e m p e r a t u r e  of the e m e r g i n g  gas  d e c r e a s e s  with i n c r e a s e  in the i n s e r t  length.  The ob -  
t a ined  r e l a t i o n s h i p  T(D depends  on the i n t eg ra l  ene rgy  ba lance  of the p l a s m a t r o n  and the r e l a t i o n s h i p  b e -  
tween  the en tha lpy  of the  gas  and i t s  t e m p e r a t u r e .  

The i n c r e a s e  in the m e a n - m a s s  s tagna t ion  enthalpy in r e l a t i on  to the i n s e r t  length  is  r e p r e s e n t e d  by  
curve  2. It can be seen  that  even in the ca se  of long i n s e r t s  &h cont inues  to i n c r e a s e .  This  i nd i ca t e s  the 
e f f e c t i v e n e s s  of the  i n s e r t  a s  a m e a n s  of ob ta in ing  a gas  flow with high enthalpy.  The s lowing-down of the 
t e m p e r a t u r e  i n c r e a s e  r e v e a l e d  by  F ig .  3 is  due to the wel l -known typ ica l  v a r i a t i o n  of the en tha lpy  of a i r  
with t e m p e r a t u r e .  

Cu rves  3 and 4 in F ig .  3 r e s p e c t i v e l y  r e p r e s e n t  the r e l a t i o n s h i p s  &h(D for  p l a s m a t r o n s  with an i n -  
s e r t  and an o r d i n a r y  t w o - c h a m b e r  p l a s m a t r o n  with a smooth  out le t  e l e c t r o d e .  In the i nves t i ga t ed  range  
of I the i n c r e a s e  Ah with i n c r e a s e  in c u r r e n t  i s  g r e a t e r  in a p l a s m a t r o n  with an i n s e r t  than in an o r d i n a r y  
p l a s m a t r o n ,  and i t s  abso lu te  va lue  is  h ighe r .  F o r  ins tance ,  cu rves  3 and 4 in F ig .  3 show that  for  I=200 
a Ah fo r  a p l a s m a t r o n  with an i n s e r t  is  m o r e  than twice  &h fo r  a p l a s m a t r o n  without an i n s e r t .  

F i g u r e  4 shows p lo t s  of the  e f f i c i ency  of a t w o - c h a m b e r  p l a s m a t r o n  with an i n s e r t  aga ins t  the i n s e r t  
length,  the a r e  c u r r e n t ,  and the to ta l  a i r  f low r a t e ,  As was to be  expec ted ,  the e f f ic iency  d e c r e a s e s  with 
i n c r e a s e  in the  i n s e r t  length and i n c r e a s e s  with i n c r e a s e  in the flow r a t e .  

A spec i a l  f e a t u r e  of th is  p l a s m a t r o n  i s  that  in the i nve s t i ga t e d  r ange  of p a r a m e t e r s  i t s  e f f ic iency  is  
independent  of the  c u r r e n t .  

We can s u r m i s e  that  the obta ined  r e l a t i o n s h i p  7(I) depends  s ign i f i can t ly  on the na tu re  of the  gas  flow 
in the wal l  r eg ion  of the channel  of the  i nves t i ga t ed  p l a s m a t r o n .  

An a n a l y s i s  of the  U- I  c h a r a c t e r i s t i c s  and the obta ined r e l a t i o n s h i p s  ~(I) show that  f u r t he r  i n c r e a s e  
in T i s  p o s s i b l e  only if the a r c  c u r r e n t  o r  i n s e r t  length is  i n c r e a s e d .  

It should be  noted that  the e f f i c i ency  va lues  r e p r e s e n t e d  in F ig .  4 a r e  a l i t t l e  too low in c o m p a r i s o n  
with the m a x i m u m  p o s s i b l e  va lue  owing to the  e x c e s s i v e  length of the out le t  e l e c t r o d e  [1]. 

The tab le  g ives  the heat  l o s s e s  th rough  the d i f fe ren t  p a r t s  of the p l a s m a t r o n  for  d i f fe ren t  va lues  of 
a and I=180 a, G=10 g .  see  - l .  The tab le  shows that  by ha lv ing  the length of the out le t  e l e c t r o d e  the e f f i -  
c i ency  of the  p l a s m a t r o n  can be  i n c r e a s e d  by  a p p r o x i m a t e l y  4%. It i s  c l e a r  a l so  that  with i n c r e a s e  in the 
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Fig.  7. Dis t r ibu t ions  of V (curves  
1, 2) and E (curves  3, 4) in i n s e r t  
region,  a=33 em;  G=15 g . s e c - 1 ;  
I=100 a for  curves  1, 3 and point 5; 
I=170 a for curves  2, 4 and point 6. 
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Fig.  8. Mean field of arc  in i n s e r t  
reg ion  in r e l a t ion  to c u r r e n t  (curve 
I for a=33, G=16), i n s e r t  length 
(curve 2 f o r  I=100, G=15), and 
a i r - f low ra te  (curve 3 for I=180, 
a =33). 

i n s e r t  length the heat loss  through it i n c r e a s e s  and the p l a s m a - .  
t ron  eff iciency is de t e rmined  main ly  by this losso 

3. Potent ial  and E lec t r i c  Fie ld  Dis t r ibu t ions .  The po ten-  
t ia l  d i s t r ibu t ion  was de t e rmined  by m e a s u r i n g  the potent ia ls  of 
the insula ted  i n s e r t  sect ions ,  which acqui re  the arc  potential  
due to an independent  d i scharge  between the a rc  and the wall of 
the i n s e r t  sec t ion  through a l a ye r  of r e l a t ive ly  cold gas.  The 
method of such m e a s u r e m e n t s  was fully desc r ibed  in  [3, 4]. 

F igu re s  5 and 6 show the r e su l t s  of m e a s u r e m e n t s  on the 
p l a s m a t r o n  in Fig.  l a .  The d is tance  f rom the ins ide  face of 
the cathode 2 to the cons idered  c r o s s  sect ion along the channel  
axis is plotted on the z axis  (Fig. l a ) .  The cathode potent ial  
is taken as zero.  

In [4] a l i n e a r  re la t ionsh ip  was obtained between V and z 
at smal l  z. In this  work we invest igated the d i s t r ibu t ion  in a 
wider  range  of z and, as d is t inc t  f rom the r e s u l t s  in [4], there  
a re  d i s t inc t ly  non l inea r  reg ions .  The non l inea r i ty  is p a r t i c u l a r -  
ly d i s t inc t  close to the cathode and at a c e r t a i n  d is tance  f rom 
the anode. The same f igures  show the d i s t r ibu t ions  of the axial 
component  of the e lec t rode  field in the a rc  in the i n s e r t  region.  
The d i s t r ibu t ions  of E were  obtained by d i f ferent ia t ion  of the 
curve V(z) with r e spec t  to z. The obtained data show that E 
i n c r e a s e s  with i n c r e a s e  in flow ra te .  

F igure  7 shows the d i s t r ibu t ion  of E for  an are  in a 
p l a s m a t r o n  with an ins ide  end- face  e lec t rode .  It is c l ea r ly  
seen that the re  a re  four c h a r a c t e r i s t i c  reg ions  of va r i a t ion  of 
E with z. 

Region I. This  reg ion  was inves t iga ted  in [4]. The f o r m u -  
la  given in  [4] for  ca lcu la t ion  of the e l ec t r i c  field was 

where 

E = -- G ~ (5160--i4.8 ~ 0.073 ~) (3. z) 

[E] =V,cm'~, [G] =kg.sec -1, d = O.Oim, 

The cha rac t e r i s t i c  fea ture  of this reg ion  is that E is independent  of z. Po in ts  5 and 6 were  d e t e r -  
mined  f rom Eq. (3.1). As can be seen,  Eq. (3.1) agrees  well with the va lues  of E obtained here .  

A compar i son  of the data of [4] in Fig.  7 shows that the p r e sence  of a d i s t r ibu ted  gas feed grea t ly  
reduces  the length of region  Io This is  probably  due to the addit ional  tu rbu la t ion  of the flow in the channel  
by the gas s t r e a m s  flowing in through the gaps between the sec t ions  and the p r e s e n c e  of annu la r  s l i t s .  Con-  
f i rma t i on  of this hypothesis  will revea l  a new means  of cont ro l l ing  the p rope r t i e s  of the a rc  by a r t i f i c ia l  
a l t e ra t ion  of the tu rbu lence  of the gas flow. 

Region II. The c h a r a c t e r i s t i c  fea ture  of this  reg ion  is  the i n c r e a s e  in e l ec t r i c  field in the d i rec t ion  
of the gas flow. According to Dautov and Sazonov's  hypothesis ,  this  i n c r e a s e  in E(z) is  due to the c h a r a c -  
t e r i s t i c  d i s t r ibu t ion  of tu rbu len t  t r a n s f e r  coeff icients  over  the rad ius  of the e lec t rode  channel  and"the i n -  
c r ea se  in  the a rc  rad ius  in  the downs t ream d i rec t ion .  In addition, in this  case  an i n c r e a s e  in E(z) is  due 
to the i n c r e a s e  in a i r  flow ra te  in the d i rec t ion  of the a i r  flow. It should be noted that in regions  I and II 
E(z) i n c r e a s e s  with i n c r e a s e  in I when I> 100 a. 

Re~ion HI. The c h a r a c t e r i s t i c  fea ture  of this  reg ion  is  that E is  independent  of z. This  constancy 
is  accompanied  by a gradual  i n c r e a s e  in gas flow ra te  in the di rect ion of the gas flow. In ~he absence  of 
a d i s t r ibu ted  feed in this  reg ion  there  would p r e s u m a b l y  be a reduc t ion  of E in the d i rec t ion  of the gas flow. 
As d is t inc t  f rom reg ions  I and 1I, E d e c r e a s e s  with i n c r e a s e  in I in the c u r r e n t  range  80-200 a. 
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In long a r c s  the r eg ion  of the a r c  c o r r e s p o n d i n g  to r eg ion  III in F ig .  7 i s  the longes t .  The main  
c h a r a c t e r i s t i c s  of the a r c  will  obv ious ly  be d e t e r m i n e d  by th i s  r eg ion .  In p a r t i c u l a r ,  the descend ing  U- I  
c h a r a c t e r i s t i c s  of the  p l a s m a t r o n  a r e  the r e s u l t  of the descend ing  E - I  c h a r a c t e r i s t i c s  of the  a r e  in r eg ion  
III ; 

Region IV; The c h a r a c t e r i s t i c  f ea tu re  of th is  r eg ion  is  the i n c r e a s e  in E in the  d i r e c t i o n  of the gas  
flow. The l a r g e  value  of E in th is  r eg ion  was a t t r i bu t ed  in [5] to the  effect  of the magne t i c  f ie ld  p r o p e r  and 
ro t a t i on  of the end of the a r c .  

In th i s  ca se ,  however ,  t h e r e  is  the addi t iona l  effect  of the ex t e rna l  magne t i c  f ie ld p roduced  by sole  
noid 5 (Fig~ l a ) .  

The same characteristic regions are features of the distributions of E shown in Figs. 5 and 6 for a 
plasmatron with an inside hollow electrode. The slight difference is due solely to the fact that region I is 
practically inside the anode and, hence, has little effect on the presented graphs~ 

As the graphs show, a reduction of the insert length leads to a reduction in the length of region Ill, 
whereas the lengths of the other regions are practically unchanged. With short inserts region Ill is absent 
and regions II and IV overlap (Fig. 5). 

The results given above suggest the following qualitative picture of the change ~n E (z) in the direction 
of the gas flow for the case of constant rate of gas flow along the channel. In the initial region E is constant, 
then increases in the direction of the gas flow, reaches a maximum, decreases, and then increases again 
in the regio n subject to the action of the rotating end of the arc (dashed line in Fig. 7). 

One other characteristic feature of the are in the investigated plasmatron with an insert should be 
mentioned. The mean electric field in the arc in the insert region is independent of the insert length, in- 
creases with increase in flow rate, and decreases with increase in current in the range 80-200 a *Fig. 8). 
In the investigated range of parameters the mean field strength is 30-60 V �9 cm -I, which greatly exceeds 
the values given in [4] for the field strength for a short arc in a channel without a distributed gas feed~ 

The author thanks G. Yu. Dautov, M~ F. Zhukov, and Yu. S. Dudnikov for useful discussion and 
constant interest in this work. 
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