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A p l a s m a t r o n  design is analyzed fo r  producing hydrogen p l a s m a  at a m e a n - m a s s  t e m p e r a t u r e  
above 4000~ with a r a t h e r  high eff iciency.  

P l a s m a t r o n s  opera t ing on hydrogen can be c lass i f ied  into those for  industr ia l ,  e l ec t r i c  rocke t  p r o -  
puls ion,  and p l a s m a  r e s e a r c h  appl ica t ions .  F r o m  the p rac t i ca l  viewpoint,  of cons iderable  in te res t  would 
be industr ia l  p l a s m a t r o n  s opera t ing at a m e a n - m a s s  t e m p e r a t u r e  of T m . m  = 4000-4500~ and a p r e s s u r e  
of 1-5 a r m .  abs  for  about 300 h. Such devices  a r e  des i r ab le  for  use  in p l a s m a  c h e m i s t r y  appl icat ions.  
Meanwhile the re  a r e  avai lable  industr ia l  hydrogen p l a s m a t r o n s  of va r ious  des igns .  

The t h r e e - p h a s e  p l a s m a t r o n  [1 ] with wear ing  carbon e lec t rodes  70 m m  in d i a m e t e r  was used for  p r o -  
ducing ace ty lene .  I t s b a s i c p a r a m e t e r s ,  along with those  of other  p l a s m a t r o n s ,  a r e  l i s ted in Table 1. 

F o r  heat ing methane ,  the p l a s m a t r o n  in [2] was used with f ace - type  copper  e l ec t rodes  and magne t ic  
a r c  s tabi l izat ion.  The feas ib i l i ty  of opera t ing  this  device on pure  hydrogen has  not been proved  e x p e r i -  
menta l ly .  

The a r c  of the p l a s m a t r o n  in [3], with a lan thanum-pla ted  tungsten cathode p r e s s e d  f lush into an ex-  
t e r n a l l y  cooled copper  housing and with a tubular  copper  anode (10 or 20 m m  in d i ame te r ,  100 or 200 m m  
long), was gas  s tabi l ized.  The r e s u l t s  of 12 min t e s t s  at an a r c  cu r r en t  I a = 900A, e ros ion  r a t e s  G = 3.4 
t 10-T g /C  for  the copper  anode and G = 6.2 �9 10 -8 g /C  for  the tungsten cathode a r e  p resen ted .  

A p l a s m a t r o n  with b i l a t e ra l  gas  d i scharge  was studied in [4]. This one had copper  e l ec t rodes  p r o -  
tec ted  by graphi te  r e t a i n e r s .  Arc  s tabi l iza t ion was achieved by means  of two meta l l i c  d iaphragms  (8 m m  
in d iamete r )  and a whirled gas  s t r e a m .  

F o r  heat ing hydrogen,  a p l a s m a t r o n  was developed in [5 ] with a lan thanum-pla ted  tungsten rod ca th-  
ode (10 m m  in d i a m e t e r ,  70 m m  long) and a copper  anode (30, 40, or  50 m m  in d iamete r ) .  A magnet ic  field of up to 
1 kG was produced by a solenoid.  At an a r c  cu r r en t  I a = 400 A the cathode eroded at a r a t e  G = 3 �9 10 -T 
g /C .  Inc reas ing  the anode d i a m e t e r  f r o m  30 to 50 m m  ra i s ed  the p l a s m a t r o n  voltage at  I a = 600 A f r o m  
280 to 420 V. Inc reas ing  the ex te rna l  magne t ic  field f r o m  0.4 to 1.0 kG reduced  the eff ic iency f r o m  70 to 
400/0. 

Of all des igns  cons idered  h e r e  fo r  the ach ievement  of a h igh-power  hydrogen p l a sma t ron ,  mos t  
p r o m i s i n g  is the one with a long tungsten the rmoca thode ,  a copper  anode, and a whir led a r c .  

In this s tudy the authors  have tes ted  a p l a s m a t r o n  of such a design with a copper  capabi l i ty  of 1 MW. 

TABLE I .  P a r a m e t e r s  of Hydrogen P l a s m a t r o n s  

Arc tAre Vol- 
eurrent,~lt age , V 

400-- 14001800--600 

Plasmatmn Gas flow 
mwer, kW !rate, g/see 

2,5--3,5- l0 s 
2'3351003 

~1"103 t 

.Mean -~ . Thermal ,fl ~tmass gas re stab~ 

.o. ~tature3 : ~.xzarton |enc- 
a., ~,. I0" .~K! l Y ~ 8__ 
1 3 -4  1 

100(CH4) ilViagngtie 0,8 / [4] 
0,3--1,5 1 3--4 Gas 0,6--0,8 [3] 
0,5--4 L 5 ~  Gas -- ] [4] 

IMagneti e 0,.4--0,8 I [5] 
0,3--15_15,5 3 631 ,5 Magnetic 0, 8--0, 85~This 
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Fig. 1. Cons t ruc t ion  of the p l a sma t ron :  1) anode (MZ); 2) anode housing (Khl9N10T); 3) solenoid; 4) 
in terchangeable  s leeve  (MZ); 5, 6) housing of the in te rmedia te  segment  (Kh18N10T); 7) insulator ;  8) 
pin; 9) s leeve  (Textolite);  10) nut; I t )  bushing; 12) flange fit t ing for  gas supply; 13) ta i I  spindle (Tex-  
tol i te);  14) co la r  (Textolite);  15) housing; 16) cover  nut; 17) cathode housing; 18) tube; 19) s tem;  20) 
s leeve  (Textoii te);  21) sea l  (rubber);  22 ) the rmoca thode .  

S t ruc tura l ly ,  the p l a s m a t r o n  cons i s t s  of a cathode, an e l ec t r i ca l ly  insulated in te rmedia te  segment ,  
and an anode (Fig. 1). The thermoca thode  22 (grade VL-10 lan thanum-pla ted  tungsten,  10 m m  in d i a m e t e r  
and 70-80 m m  long) was so ldered  into a copper  bushing 11 and fas tened into a s teel  housing 17. The posi t ion of 
the the rmoca thode  re la t ive  to the anode can be smooth ly  adjusted by means  of a th readed  coupling between 
the housing 17 and the co l la r  14. 

The e l e c t r i c a l l y  insulated in te rmedia te  segment  includes a housing 15, a ta i l  spindle 13, a flange 
fi t t ing for  gas  supply 12, and s p a c e r s .  These  cooled s p a c e r s  a r e  made up of a s teel  body 5, 6 and an in t e r -  
changeable  copper  s leeve  4 by means  of which the duct sect ion for  the gas flow can be va r ied .  By chang-  
ing the number  of s p a c e r s ,  it is poss ib le  to v a r y  the length of the thermoca thode  22. 

The anode cons i s t s  of a s tee l  housing 2 and a copper  s leeve 1 with an inside d i ame te r  38 m m  and a 5 
m m  th ickness .  The cooling gap is 2 m m  wide. A cooler  was connected to the anode,  and a supe rc r i t i c a l  
nozzle  behind for  mainta ining the excess  p r e s s u r e  in the chamber  and for  m e a s u r i n g  the gas flow ra t e .  

F o r  shif t ing the a rc ing  spot on the anode, a solenoid 3 has been wound around the l a t t e r  with a m a g -  
net ic  field as  shown in Fig .  2. 

All p l a s m a t r o n  components  a re  held toge ther ,  through an e l ec t r i ca l l y  insulating sea l  7, by means  of 
t h r ee  pins 8 a lso  e l ec t r i c a l l y  insulated f r o m  the r e s t  by Textol i te  s l eeves  9. 

The p l a s m a t r o n  is water-co01ed,  the cathode and the in te rmedia te  s p a c e r s  cooled sequential ly.  

An a r c  d i scha rge  between the cen te r  the rmoca thode  and the anode is initiated by means  of a fuse 
wi re .  The anode and the solenoid a r e  supplied f r o m  sepa ra t e  d i r e c t - c u r r e n t  sou rces  [6]. 

During the expe r imen t  we m e a s u r e d  the flow ra te  and the t e m p e r a t u r e  r i s e  of the water ,  the gas 
f low r a t e ,  the solenoid cu r ren t ,  and the p l a s m a t r o n  voltage and cur ren t .  The m e a n - m a s s  gas t e m p e r a -  
t u r e  was de te rmined  f r o m  the heat  ba lance .  

The p l a s m a t r o n  was t e s t ed  over  the following range  of p a r a m e t e r  va lues :  a r c  cu r r en t  I a = 0.4 to 
1.4 kA, hydrogen flow ra te  G = 5 to 15 g / s e c ,  solenoid cu r ren t  I s = 20 to 30 A, p r e s s u r e  in the d i scharge  
chambe r  P = 3 to 6 a r m .  abs .  

The p l a s m a t r o n  p e r f o r m a n c e  p a r a m e t e r s  a r e  shown in Fig. 3 as functions of the a r c  cu r ren t .  F o r  
compar i son ,  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 the p l a s m a t r o n  in [5] (d = 40 ram,  P = 1 a r m .  abs ,  G = 1.5 
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Fig.  2. Axial  f ield of the solenoid: 1) solenoid; 2) anode; 3) t h e r -  

mocathode .  Magnetic f i e ld  H (G), d is tance  l (mm).  
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Fig.  3. P l a s m a t r o n  p e r f o r m a n c e  p a r a m e t e r s  
as  functions of the a r c  cu r ren t  (I s = 30 A, P 
= 3-6 arm "abs):  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  
(1 and 2 accord ing  to [5]), heat  l o s se s  in the 
anode QA kW (3), m e a n - m a s s  t e m p e r a t u r e  
T m . m~ (4), t h e r m a l  eff ic iency 7/ (5}. 

g / s ec )  has  a l so  been plotted he re .  At Ia = 1 kA, the f i r ing  vol tages  a r e  630 and 270 V respec t ive ly .  The 
higher  f i r i ng  vol tage is explained by the excess  p r e s s u r e  in the d i scharge  chamber .  By analogy with the 
p l a s m a t r o n  in [7], with the v o l t a g e - p r e s s u r e  c h a r a c t e r i s t i c  U ~ p0.5~, one can e s t ima te  the p l a s m a t r o n  
vol tage  at  i a rm abs .  instead of 6 a rm abs . ;  such an e s t ima t e  has  yielded app rox ima te ly  260 V. 

The e lec t r i c  p a r a m e t e r s  of the p l a s m a t r o n  with a ba l las t  r e s i s t a n c e  R b = 1.155 ~2 and at a p r e s s u r e  
P = 6 a tm  abs.  f luctuated as  follows: AU = ~30%, AI = ~25%. 

Owing to the m e a s u r e m e n t  imprec i s ion ,  it was imposs ib le  to pick up the heat  l o s se s  in the cathode 
and in the in te rmedia te  segment .  Since heat  was t r a n s m i t t e d  to the in te rmedia te  segment  only by radia t ion  
f r o m  the a r c  column, hence the r ad ia t ive  l o s s e s  f r o m  such a hydrogen a r c  was negligible.  

In o rde r  to explain the absence  of heat  l o s s e s  in the cathode, it is n e c e s s a r y  to cons ider  the heat  
ba lance  at  the cathode and, without analyzing the m e c h a n i s m  of heat  t r a n s m i s s i o n  through the cathode fall ,  
to  exp re s s  it as  

Qw= Q~u @ Q j + Qrad-- Qrc - -  Qconv , (1) 

with Qw denoting the heat  c a r r i e d  away by the cooling water ,  QAU the heat  supplied to  the cathode f r o m  the 
a rc ing  spot,  Q j  the Joule heat  genera ted  in the cathode, Qrad the heat lost  by radia t ion  f r o m  the a r c  col -  
umn to  the cathode, Qrc  the heat  rad ia ted  by the cathode, and Qconv the heat  c a r r i e d  away f r o m  the cathode 
by  convect ion.  

Since the radia t ion  loss  f r o m  the a r c  column is negligible,  i . e . ,  Qrad ~ 0 and because  Qw ~0,  hence 
the heat  ba lance  at  the ca thode  is 

Q~v + Qj : ~ Qrc § Qconv' (2) 

It follows f r o m  (2) that  the heat  coming to the cathode is d iss ipa ted  by radia t ion  and convection.  

The t h e r m a l  eff ic iency of a p l a s m a t r o n  is de te rmined  by the hea t  l o s s e s  in the anode:  

Is U--QA = 1 - -  AUA 
= -  u (3 )  

The heat  l o s s e s  in the anode QA inc rea se  l inea r ly  with the a r c  cu r ren t .  The vol tage equivalent of 
l o s s e s  is AU A = 120 V. As a consequence of the dropping v o l t - a m p e r e  cha r ac t e r i s t i c ,  and i n c r e a s e  in the 
c u r r e n t  causes  the t h e r m a l  ef f ic iency of the p l a s m a t r o n  to drop f r o m  86 to 80% and the m e a n - m a s s  t e m -  
p e r a t u r e  of hydrogen to r i s e  f r o m  2500 to 4000~ 
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When the hydrogen flow rate is increased (Fig. 4), the plasmatron voltage r ises on account of the 
higher rate of heat t ransfer  from the arc column to the oncoming cold gas, as this results in a higher elec- 
tr ic field intensity~ 

Because radiation from the arc column is negligible, the heat losses in the anode are determined by 
dissipation from the arcing spot and by convection from the whirled gas stream. Dissipation from the arc- 
ing spot does not vary with an increasing gas flow rate and, therefore~ the heat losses in the anode are re- 
duced because of a smaller convective component, as a result of a lower mean-mass gas temperature. The 
thermal efficiency of the plasmatron increases with an increasing gas flow rate, because of the reduced 
heat losses in the anode and because of the higher voltage. 

A variation in the magnitude of the magnetic field, within the test range, does not significantly affect 
the plasmatron performance parameters. 

During 6 min tests at I a = 800 A, G = I0 g/sec, P = 6 al-m abs., and I s = 30 A the tungsten thermo- 
cathode after the test revealed that erosion had occurred beginning at the end surface. The entire end sur- 
face bore traces of fusion and fine arcing pits. We also noted a bright region at a distance 8.0-8.5 mm 
from the end. An examination of cathode specimens in helium indicated a temperature T ~ 1000~ at the 
boundary of this region at an arc current I a = 50-250 A. ~rthermore, a study of cathode specimens has 
also shown that for a narrow range of arc current levels there is an optimum cathode geometry which 
yields an erosion rate reduced to G -~ I0-~-I0 -8 g/C. 

With the pressure in the plasmatron chamber raised to 10-15 arm abs. and the arc current increased 
to 2-3 kA, the electric power of the plasmatron can be increased to 2-3 MW and 30-40 g of hydrogen can 
be heated to 3000-4000~ at a thermal efficiency of 70-80%. 
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