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The r e su l t s  a r e  given of an exper imenta l  invest igat ion of the region of s table  operat ion 
of a l inear  p lasmot ron  accord ing  to the s ta t ic  c u r r e n t - v o l t a g e  cha rac t e r i s t i c s  and data 
on the invest igat ion of its dynamic c u r r e n t - v o l t a g e  cha rac t e r i s t i c s .  

The l inear  p lasmotron,  with a longi tudinal-vor tex blowing of the a r c  column, is a widely spread  type 
of plasmotron.  There fore ,  de te rmina t ion  of the region of s table  operat ing cycles  of such a device (mutual 
coupling of the gas d ischarge  with the cu r r en t  magnitude and potential drop in the arc) ,  i .e . ,  de te rmina t ion  
of the in te rva ls  of change of these cha rac t e r i s t i c s ,  is essent ia l .  This is a l so  impor tan t  f r o m  the point of 
view of invest igat ing the dynamic c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c s  a t  l a rge  ampli tudes  of cur ren t  var ia t ion.  

The recen t  widespread approximat ion  methods for  es t imat ing  the pr incipal  operat ing c h a r a c t e r i s t i c s  
of the p l a s m o t r o n a r e  based on extensive exper imenta l  data [1-3]. However,  these  data do not pe rmi t  the 
zone of s tabi l i ty  of operat ion of the p la smot ron  to be de termined.  There  a r e  no pro jec ts  spec ia l ly  devoted 
to the exper imenta l  de te rmina t ion  of the region of s tabi l i ty  of the l inear  plasmotron.  R e s e a r c h e r s ,  as  a 
rule ,  a r e  l imited to plotting the individual s ta t ic  U - I  cha rac t e r i s t i c  curves .  To date, the sole re l iab le  
method for  de termining the ent i re  range  of change of the p a r a m e t e r s  of p lasmot ron  s table  operat ion is by 
exper iment .  

This paper  a lso  is  devoted to de te rmina t ion  by an exper imenta l  method of the l imits  of the s table  
operat ing zone of a l inear  p lasmot ron  and an invest igat ion in this region of the dynamic U - I  c h a r a c t e r i s t i c s  
at  l a rge  ampli tudes  of va r ia t ion  of per turbing effects .  

The invest igat ions were  ca r r i ed  out on an exper imenta l  appara tus  and by the m e a s u r e m e n t  p rocedure  
descr ibed  in [4]. 

P l a s m o t r o n  Discharge  Chamber .  The p lasmot ron  (Fig. 1) cons is t s  of two e lec t rodes :  the anode 5 
and cathode 1. The cathode is a copper  s leeve  with inside d iamete r  d c = 8 mm,  sealed at  one end. The 
anode is made in the f o r m  of a copper  cyl indrical  th imble  with a d i ame te r  d a = 5 mm.  Both e lec t rodes  
a r e  located in b r a s s  housings through which the cooling water  is supplied. 

The gas in the chamber  was fed into the in te re lec t rode  gap tangentially.  In addition to the gas -dynamic  
effect  on the radia l  sect ions of the a rc ,  there  was a lso  the effect  of the externa l  magnet ic  field s t rength  
c rea ted  by the magnet ic  coil 2. This made it poss ible  to ensure  the requi red  operat ing r e s o u r c e s  of the 
p lasmotron.  

The polar i ty  of the e lec t rodes  was maintained invariable:  the sealed e lec t rode  was the cathode and 
the open e lec t rode  was the anode. 

The gas blown into the e lec t r i c  a r c  4, was heated and flowed f r o m  the anode in the f o r m  of a p lasma 
jet 6. 

Static C u r r e n t - V o l t a g e  Charac te r i s t i c s .  The s ta t ic  U - I  cha rac t e r i s t i c  curves  of the l inear  p t a s m o -  
t ron,  using a i r  as the p l a s m a - f o r m i n g  gas,  a r e  shown in Fig. lb .  
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Fig. 1. Linear pIasmotron" a) 8 iagram eI discharge 
chamber;  b) static cu r r en t - -vo l t age  charac ter i s t ic  
curves  ( g a s - a i r ;  d c = 8 ram; d a = 5 mm); ABC) region 
of stable operation. 1,2) Gg = 0.25 g / s e e ;  3,4) 0.35; 
5,6) 0.5; 7,8) 0.6; 9,10) 0.75; 11,12) 0.85; 13,14) 1.0; 
15,16) 1.1; 1') tl =2.75 a ;  2') 2.4; 3') 2 .0 ;4 ' )  1.75, 5') 
1.6; 6') 1.45; 7') 1.a, s') 1.2; 9') 1.05; 10') 0.95; 11') 
0.8; 12') 0.75; 13') 0_65. 

In consequence of the continuous shunting of the a rc  at the wall of the discharge chamber,  its pa ram-  
eters  are  changing periodically [5]. The ptasmotron charac ter i s t ics ,  therefore ,  a re  designed round the 
average  vai~es of the cur rent  ~nd voltage. 

When Gg = const and R = var,  the static U - I  charac te r i s t ic  curves are  steep curves which, with 
change of gas flow rate,  a re  s trongly stratified and with increase  of the gas flow rate they a re  displaced in 
the direct ion of higher voltages. Thus, for  example, with a change of gas flow rate f rom 0.5 g / s e c  to 1.0 
g / s e c  for a cur ren t  of I d = 150 A, the magnitude of the voltage changes by 70 V. A similar  change of the 
gas flow rate  for a coaxial type of plasmotron leads to a voltage change of 15 V [4]. 

The region of stable operating conditions of the linear plasmotron (Fig. lb) is bounded above by 
the curve AB, corresponding to the operating conditions of the plasmotron for  which U d max, Id rain, and 
Gg =cons t ,  i.e., the a rc  is quenched because of the increase  of its length; below, the region is bounded 
by the curve AC corresponding to the operating conditions of the plasmotron for which Udmin , Idmax , 
and Gg = coast ,  i . .e. ,  the a re  burns in the interetectrode gap; on the ~ght ,  the boundary is the s traight  tine 
BC which corresponds  to maxirnnm current  of the 6evice t = 200 A. 

Thus, the pla~motron operates  stably w~thin the following limits of change of parameters :  69 A _< I d 
_< 200 A; 68 V -< U d -< 195 V; 0.25 g / s e e  _< Gg -< 1.1 g / s e c  and 0.65 a _< R ~ 2.75 ~2. 

It should be noted that the lower boundary AC of the region of stable operation does not have a failing 
but a r is ing trend, i.e., with increase  of the gas flow rate the a rc  burns in the interelectrode gap at a higher 
voltage in the flow. 
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Fig. 2. Dependence of efficiency of l inear plasmotron 
on current  s trength (Gg = 0.75 g / s e c )  (a) and on gas 
f low-rate  (R = 1.17 ~) {b); 1) thermal  efficiency; 2) 
e lect r ical  efficiency. Id, A; Gg, g / s e c .  
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.Fig. 3. Dynamic current  -- voltage charac ter i s t ics  of a Linear 
plasmotron ( g a s - a i r ;  d c = 8 ram, d a = 5 mm; Gg = 0.75 g 
/ sec). a) Current  l a r g e r - s m a l l e r ;  b) current  smal le r  
- l a r g e r ;  1) d I /d t  = 5 A / s e c ;  2) 4; 3) 3; 4) 2; 5) 1.5 A / s e c .  
U, V; I, A. Figures  at points are  the t imes,  sec. 

By comparing the coaxial [4] and linear plasmotron,  it can be seen that the region of stabil i ty of the 
lat ter  is considerably broader  and the Condition of the static charac ter i s t ic  curves in U, I -coordinates  
depend considerably more  strongly on the gas flow rate.  

This is because, in the plasmotron with a linear electrode a r rangement  the a rc  is blown intensely 
in the longitudinal direction and its average length is greater .  In the coaxial plasmotron,  the a rc  as a rule 
is shor ter  and is blown by the incoming gas s t r eam in the t r ansverse  direction. With identical gas flow 
ra tes ,  the rate  of blowing of the a rc  in the linear p lasmotron is considerably higher than in the coaxial 
plasmotron [4], in view of the geometr ical  dimensions of the discharge chamber.  

Because of this, the a rc  potential in the linear plasmotron increases  with increase  of the gas flow 
rate,  not only on account of the increase  in length of the a rc  but also on account of the increase  of e lect r ic  
field strength. 

Thermal  and Elect r ica l  Character is t ics .  The dependence of the thermal  and e lect r ical  efficiency = of 
the plasmotron on the current  s trength and gas flow rate is shown in Fig. 2. 

The thermal  and e lect r ical  efficiencies va ry  respect ively  within the l imits ~?t = 0.29-0.36 and 77 e 
-- 0.43-0.59 for a current  change f rom 98 to 168 A (Gg = 0.75 g / s ec )  and within the limits ~?t = 0.1-0.39 
and ~?e = 0.27-0.61 for a change of gas flow rate f rom 0.35 to 0.82 g / s e c  (R = 1.17 ~). 

In this case,  a change of cur rent  and gas flow rate a re  found to have an opposite and s t ronger  effect 
on the nature of change of efficiency of the l inear plasmotron than in the case of the coaxial plasmotron [4]. 

Dynamic Cur ren t -Vo l t age  Character is t ics .  The dynamic U - I  charac te r i s t i cs  are  obtained in the case 
of change of the a rc  current  with time, caused by periodic changes of res is tance  oI the rheostat  connected 
in ser ies  with the plasmotron. With this, the rheostat  res i s tance  was varied f rom 0.05 to 0.4 ~ during t 
= 13, 16, 25, 33, and 50 sec,  which corresponded to ra tes  of change of cur rent  of 5, 4, 3, 2, and 1.5 A 
/ sec. 
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Investigation of the dynamic U-I characteristics was made within the limits of change of param- 
eters for which the statistical U-I characteristic curves were plotted. For this, in both cases the gas flow 

rate was constant and equal to 0.75 g/sec. 

Figure 3a shows the dynamic U-I characteristics obtained for conditions when the current was in- 

creasing at first and then decreasing; Fig. 3b shows the same characteristics when the current was de- 
creasing at first and then increasing. The static U-I characteristic curves are shown in this same figure 
for Gg = 0.75 g/sec and R = var, which permits comparison of these characteristics. 

It can be concluded on the basis of the experiments carried out that, independently of whether the 
current increases at first or decreases at first, the dynamic U-I characteristics on the return path are 
higher than on the direct path. It should be noted that the plasmotron, after a periodic change of current, 
opera tes  for  a ce r t a in  t ime  at  a higher  (by ~5~c) voltage and a low current .  This conf i rms  that the dynamic 
U - I  c h a r a c t e r i s t i c s  of a l inear  p lasmot ron  of constant cur ren t  and with a se l f -adjus t ing a r c  length and 
vor tex  s tabi l iza t ion have a h y s t e r e s i s ,  which is conditioned obviously by the different  ra te  of adjus tment  of 
the ave r age  length and the effect ive conducting d iamete r  of the a r c  channel and depends on the d i rec t ion 
of the change of current .  

It can be seen  f r o m  Fig. 3 that the dynamic U - I  cha rac t e r i s t i c s ,  within the l imits  of the ra te  of 
change of cu r ren t  f r o m  1.5 to 5 A / s e c ,  a r e  different  f r o m  the stat ic  cha rac t e r i s t i c s :  the f o r m e r  curve  up-  
ward and the la t ter  downward. This behavior  of the p lasmot ron  cha rac t e r i s t i c s  in dynamic conditions prob-  
ably  is a ssoc ia ted  with the p rocess  of change of e lec t r ic  field s t rength of the posit ive column of the a r c  
whilst  i ts  cu r r en t  is changing with t ime. 
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is the vol tage drop on a rc ,  V; 
is the a r c  cur ren t ,  A; 
is the rheos ta t  r e s i s t ance ,  ~2; 
is  the gas  flow ra te ,  g / s e c ;  
is the p la smot ron  efficiency; 
is the r a t e  of change of cur ren t ,  A / s e c .  
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