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The heat ing of a hydrogen s t r e a m  dr iven lengthwise through an e lec t r i c  a rc  within a na r row  
channel has been studied and the r e su l t s  a r e  d iscussed .  

The re  is not much informat ion avai lable  in the technical  l i t e r a t u r e  on the heat ing of hydrogen to high 
t e m p e r a t u r e s  in an e lec t r i c  a rc .  Meanwhile,  a s tudy of this p rob lem is definitely in teres t ing f r o m  both the 
sc ient i f ic  angle of  explor ing the a rc  p r o c e s s e s  and the p rac t i ca l  angle of investigating its poss ib le  technical  
applicat ions.  We will d i scuss  he re  some p e r f o r m a n c e  cha rac t e r i s t i c s  of an e lec t r i c  a r c  with a hydrogen 
s t r e a m  which the authors  have noted during the i r  exper iment .  

The s tudy was made with an appara tus  shown in Fig. 1. An a r c  was sustained between graphi te  s leeve  
inse r t s  4 inside the e lec t rodes  5. Hydrogen was fed into the d i scha rge  chamber  through tangential  holes  
in the gas r ing 1 and was le t  out through the anode d iaphragm and the cathode d iaphragm inside the r e -  
spec t ive  e lec t rode  cavi t ies ,  while s tabi l iz ing the e l ec t r i c  a r c  column in the p roce s s .  

The e lec t r i c  field intensi ty and the t he rma l  flux densi ty  were  measured  along the d iaphragms .  In 
o rde r  to faci l i ta te  the t he rm a l  flux m e a s u r e m e n t s ,  these  d iaphragms  were  a s s e m b l e d  in wa te r - coo led  
segments  s epa ra t ed  f r o m  one another  by e lec t r ica l  and the rma l  insulation. The t h e r m a l  flux was d e t e r -  
mined f rom the r a t e  of water  flow through individual segments  and the cor responding  drop in wa te r  t e m -  
p e r a t u r e  between ent rance  to and exit  f r o m  a segment .  This  t e m p e r a t u r e  drop was r eco rded  with r e s i s -  
tance t h e r m o m e t e r s .  Simul taneously ,  the segment  potent ials  we re  r eco rded  on the bas i s  of m i c r o a m -  
m e t e r  ( internal  r e s i s t a n c e s  20 k~2/V) readings .  In s e r i e s  with the m i c r o a m m e t e r s  we re  connected 20 M~2 
r e s i s t o r s .  In o rde r  to es tab l i sh  the dis t r ibut ion of e l ec t r i c  field intensity,  f u r t h e r m o r e ,  the d iaphragms  
w e r e  made s e a m l e s s  and insulated p robes  were  instal led along them (Fig. lb) .  

P r o p e r  co r respondence  between the p robe  potent ials  and the potent ia ls  along the a r c  column was 
ensured  by the in ternal  r e s i s t a n c e  of the r ecord ing  ins t rument .  In o rde r  to check the read ings ,  the in- 
t e rna l  r e s i s t a n c e  of the ins t rument  was reduced  to 100 kg~. Such a change in the r e s i s t a n c e  did not cause  
a changein the r e c o r d e d  potent ial ,  which ag reed  with the resu l t s  in [1-4]. The effect  of cu r r en t  l eakage  
into the water  co i l s  was e l iminated by p e r f o r m i n g  this pa r t  of the expe r imen t  with uncooled d iaphragms  and 
insulated wi re  p robes .  The main d imensions  of the d i scharge  chamber  were  as follows: d = 4 mm,  l d = 5- 
20 ram, Dg r = 30 ram, 6 = 7 mm,  D e = 8.5-10 ram, L e = 120 m m ,  G G = 1-2 g / s e c .  

The prof i le  of the e lec t r i c  field intensi ty along a d iaphragm is shown in Fig. 2, on the bas i s  of m e a -  
s u r e m e n t s  with insulated p robes ,  at  a 460 A a r c  cur ren t .  Along the f i r s t  5 mm of the d iaphragm the field 
intensi ty is h igher  than 220 V / c m ,  along the next  5 m m  it drops  to zero .  Then the re  follows an apprec iab le  
jump up to 90 V / c m  and another  drop to below zero.  At the end of the d iaphragm the intensity r i s e s  again. 
The e r r o r  in the voltage m e a s u r e m e n t s  was ~5 V while the potential  jump reached  20 V, and was s y s t e m -  
a t ica l ly  repea ted  in all t e s t s .  The negat ive value of field intensi ty  cannot, t he re fo re ,  be a t t r ibuted to a 
m e a s u r e m e n t  e r r o r .  

On the s a m e  d i a g r a m  a r e  a lso  shown prof i les  of t h e r m a l  flux densi ty  along a d iaphragm at  two leve l s  
of a rc  cur ren t :  400 A (curve 2) and 470 A (curve 3). In the middle sect ion of this d iaphragm the t he rma l  
flux drops  to zero  or  even becomes  negat ive.  As the a r c  cu r ren t  is inc reased ,  the min imum point shif ts  
toward  the gas r ing and the magnitude of the negat ive  t he rma l  flux becomes  g r e a t e r .  For  the 470 A a rc  
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Fig. 1. Schemat ic  d i ag ram of the tes t  appara tus :  a) p l a s m a -  
t ron with segmented  w a t e r - c o o l e d  d iaphragms;  b) s e a m l e s s  
d iaphragm with insulated probes :  15 gas ring; 2) cooled 
d iaphragm segment ;  3) e lec t r i ca l  insulation l aye r ;  45 g r aph -  
ite inser t ;  55 e lec t rode  body; 6) vo l tmeter ;  75 c e r a m i c  tubing; 
8) probe .  
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Fig. 2. Variat ion of the e l ec t r i c  field 
intensi ty and of the t he rm a l  flux densi ty  
along a d iaphragm (d = 4 ram, D e = 8.5 
ram, G G = 2 g / s e c ) :  1) E , V / m  at I 
= 460 A; 2) q, k W / c m  2 at I = 400 A; 3) 
q, l ~ r / e m  2 at I = 470 A; 4) E, V / m  at 
I = 500 A. 

current (curve 3), part of the diaphragm (the second i0 mm 
segment) was made in one piece and, therefore, a slight 

shift of the minimum point on this profile toward the elec- 
trode could occur. The negative drops are here within the 
accuracy of the recording instrument. On the whole, the 
error in the thermal flux density measurements did not 

exceed • kW/era 2. 

In Fig. 2 has also been plotted a curve (45 of the field 
intensity profile along a diaphragm at a 500 A arc current 
and a 2 g/sec flow rate of hydrogen, on the basis of total- 
voltage readings in the plasmatron with diaphragms 5, i0, 
15, and 20 mm long. This curve is less accurate, because 
there are fewer test points and processes possibly occurring 

in the electrode have been disregarded. However, this curve 
confirms the results of measurements made with insulated 
probes. Analogous curves plotted for different current levels 
from 200 to 500 A confirm the appearance of an internal emf 
and its increase with higher current. Zero crossover of the 
E-profile occurs at currents from 400 A up at a gas flow 
rate of 2 g/sec. Analogous results have been obtained with 
a gas flow rate of i g/sec. At this gas flow rate the electric 
field intensity E becomes negative at a somewhat higher 

current of about 500 A, The trends of the q-profiles are analogous, hi most cases the negative electric 
field intensity was noted at the anodie diaphragm. In some cases, however, this phenomenon was also 
noted on both sides of the plasmatron. 

Apparently, this trend of both the electric field intensity E and the thermal flux density q along a 
diaphragm is determined by the same process. The initial sharp drop in E can be explained by an in- 
creasing electrical conductivity of the channel, which is due to a widening of the arc column and a rise of 
the arc temperature during the heating of the gas. The causes of the subsequent intensity drop are not yet 
quite understood. 

The data obtained here are not sufficient yet for drawing any definitive conclusions as to the causes 
of the observed phenomenon. R may be assumed that the drop in q at individual segments of the narrow 
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channel is re la ted  to the convers ion of the kinetic energy  of moving charged par t i c les  to potential  energy 
during n e a r - s o n i c  osci l la t ions  genera ted  in the cr i t ica l  heat  mode. At that t ime  the section a r e a  of the a r c  
column and thus the the rmal  r e s i s t a n c e  of the n e a r - e l e c t r o d e  gas l a y e r s  can change dras t ica l ly .  

The dec r ea s e  in t he rm a l  fluxes at  individual channel segments  may occur ,  to some  extent,  as a 
r e s u l t  of t he rma l  choking or magnet ic  pumping of gas into the e l ec t r i ca l ly  conducting channel region.  It 
should be r e m e m b e r e d  he re  that  a s i m i l a r  t rend of the q (/d) prof i le  has been noted during the heating of 
other  gases  with an e lec t r ic  a rc  [5], although this is not yet  defini t ively understood.  

The appea rance  of negat ive e lec t r i c  field intensit ies could be explained by a sudden widening of the 
a r c  column, which causes  a sha rp  inc rease  in the e lec t r ica l  r e s i s t a n c e  of the n e a r - e l e c t r o d e  l aye r .  At 
the s a m e  t ime ,  t he re  appea r s  a l a rge  potential  d i f ference  between the wall  and the a r c .  It is ,  t he re fo re ,  
worthwhile to study the possibi l i ty  of negative e lec t r i c  field intensi t ies  a r i s ing  under actual conditions. 

The t rend of the phenomena occur r ing  in an e lec t r ic  a rc  with a gas  s t r e a m  does not exclude the 
poss ib i l i ty  of negat ive e lec t r i c  field intensi t ies a r i s ing  during fluctuations of the a r c  d i ame te r  as the gas 
s t r e a m  reaches  the velocity of sound. A ~thermal  nozzle" may be fo rmed  at that  t ime,  where  the t he rma l  
energy  is expended on acce le ra t ing  the gas and ra i s ing  the e lec t r ic  potential .  This p r o c e s s  cannot occur  
unidirect ional ly  and it must  be osc i l l a to ry  in na ture ,  which ag rees  with t e s t  data. 

At some  point along the prof i le  {apparently,  in connection with at taining the veloci ty  of sound) the 
internal  emf  of the a rc  i nc reases  sha rp ly  and a potential  jump re su l t s .  The potential  energy is inc reased  
at  the expense of the t he rm a l  and the kinetic energy  of the s t r e am.  Fur the r  down the s t r e a m  the re  occurs  
a success ion  of jumpwise  po la r i ty  r e v e r s a l s  of the internal  a r c  emf,  which is apparent ly  r e l a t ed  to n e a r -  
acoust ic  f luctuations of the gas veloci ty  as well as to per iodic  expansions and contract ions of the a rc  
channel. Adiabatic contract ion and expansion of gas  in the boundary l a y e r  r e su l t s  in its fas t  cooling and 
heating,  r e spec t ive ly .  In some cases  the t e m p e r a t u r e  of the boundary l aye r  may drop below the initial 
t e m p e r a t u r e ,  which r e su l t s  in a t h e r m a l  flux r e v e r s a l  through the d iaphragm f rom the cooling wa te r  to 
the heated gas .  

Es t ima te s  show that  at  cu r r en t  densi t ies  above l0  s A / c m  2 this phenomenon of po la r i ty  r e v e r s a l s  
in the e lec t r i c  field may be due to intensive osci l la t ions of the d i f fus ion-cur ren t  g rad ien t  in the s t r e a m  of 
charged pa r t i c l e s ,  a l so  due to the Hall emf  genera ted  by interact ion between the radia l  components  of c u r -  
ren t  (within the range  of sudden changes in the a r c  d iameter )  and the magnet ic  field of the axial  cu r ren t  
component.  

d is the 
l d is the 
Dg r is the 
5 is the 
De is the 
G G is the 
E is the 
q is the 
I is the 
L e is the 

d i a m e t e r  of d iaphragm,  mm;  
length of d iaphragm,  ram; 
d i am e t e r  of gas r ing,  ram; 
gap between d iaphragms ,  ram; 
d i a m e t e r  of e lec t rode ,  ram; 
gas flow r a t e ,  g / s e c ;  
e l ec t r i c  field intensity,  V / c m ;  
t h e r m a l  flux densi ty ,  kW/em2;  
e lec t r i c  cu r ren t ,  A; 
length of e lec t rode .  
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