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The p r e l i m i n a r y  r e su l t s  of an inves t iga t ion  of the opera t ion  of MHD gene ra to r  e l ec t rodes  at 
r e l a t i v e l y  high cu r r en t  dens i t i e s  a re  r epor t ed .  The expe r imen t s  were  conducted in the chan-  
nel of a MHD gene ra to r ,  d r iven  by combust ion  p roduc t s ,  with both cooled meta l  and s i l i con  
ca rb ide  e l ec t rodes .  Observa t ion  and photographs  of the e l e c t r ode s  r evea l ed  that at suf f i -  
c ien t ly  high c u r r e n t s  m i c r o a r c s  appear  at the e l ec t rode  sur face .  The phenomenologiea l  a s -  
pec t s  of a r c  behav ior  under condit ions c h a r a c t e r i s t i c  of MHD gene ra to r  opera t ion  are  ex -  
amined.  The e l e c t r o d e - i n s u l a t o r  in te r face  has an impor tan t  influence on a rc  behav io r ,  as 
does the f i lm of p o t a s s i u m  compounds deposi ted  on the e l ec t rode  sur face .  These  c h a r a c t e r -  
i s t i c s  of the m i c r o a r e s  may be of cons ide rab l e  s igni f icance  in r e l a t ion  to e l ec t rode  e ros ion  
p r o c e s s e s .  

In tests on a U-02 MHD generator with cooled metal electrodes we obtained currents difficult to ex- 

plain in terms of therm[onic emission from the electrode surface, even in the case of formation of a po- 

tassium film. Thus, in the short-circuit regime the current from the electrode pair reached 12 A, which 

corresponds to a mean current density of more than 1 A/cm 2 at a metal surface temperature of 870-950 ~ 

K. Visual observations and photographs of the electrodes showed that at these current densities small 

bright spots appear on the electrode surface. These spots constitute microarcs, by means of which the 

plasma makes contact with the electrodes through the cold, poorly conducting boundary leyer. 

The presence of similar spots was reported in [i, 2]. The behavior of the microarcs was later de- 

scribed in greater detail in [3, 5]. We have now made a full-scale qualitative study of the mieroarcs burn- 

ing at the cathode surface in a MHD generator channel. 

The generator operated on natural gas combustion products seeded with potash in amounts up to 1 

mol.-% with respect to potassium concentration. We investigated water-cooled electrodes made of 1 

Crl8Nil0Ti stainless steel and electrodes made of silicon carbide (SIC) plus small amounts of refractory 
metals (Ti, Mo or Nb). 

The rectangular MHD channels were 65-80 mm high and 220-270 mm wide. The generator had seg- 

mented electrodes. The investigation and visual observations of the microarcs were made on electrode 

pairs located 200 mm from the point at which the flow entered the magnetic field for the metal and 500 mm 

for the SiC electrodes. The electrodes were rectangular, the height of the electrode being equal to the 

height of the channel. The metal electrodes were 18 mm and the SiC electrodes 30 mm wide. The insula- 

tion gaps between the electrodes were 15 mm and 20 mm wide, respectively. The insulators between the 

metal electrodes consisted of sheets of dense aluminum or magnesium oxide and an aluminum oxide coat- 

ing 0.5-0.8 mm thick deposited by gas-flame atomization on cooled metal spacers. High-alumina concrete 
se rved  as insulat ion between the s i l i eon  ca rb ide  e l ec t rodes .  

Subsequently,  we introduced into the channel a w a t e r - c o o l e d  c i r c u l a r  s t a i n l e s s - s t e e l  e l ec t rode  20 
mm in d i a m e t e r ,  which enabled us to obse rve  and photograph the en t i re  su r face  of the e l ec t rode  and the 
adjacent  p a r t s  of the i n t e r e l e e t r o d e  insulat ion.  
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The p l a s m a  flow in the channel was subsonic ,  the flow ve loc i ty  in different  expe r imen t s  va r i ed  f rom 
400 to 650 m / s e e  at channel p r e s s u r e s  of 0.60-0.73 bar .  The t e m p e r a t u r e  in the flow co re  was measu red  
by s p e c t r a l  l ine invers ion  and va r i ed  f r o m  2150 ~ K to 2300 ~ K in the oxygen en r i chment  r eg imes .  For  the 
above-ment ioned  flow p a r a m e t e r s  the meta l  e l ec t rode  t e m p e r a t u r e  was 770-820 ~ K under  normal  condi -  
t ions and 870-950 ~ K in the oxygen en r i chment  r eg imes ;  the co r r e spond ing  t e m p e r a t u r e s  of the s i l i con  
ca rb ide  e l ec t rodes  were  1480-1520 ~ K and 1920-1980 ~ K. 

The e l ec t rode  sur face  t e m p e r a t u r e  was de t e rmined  by means  of the rmocoup les  embedded in the 
e l ec t rode ,  the c o r r e c t i o n  for the depth of imbedment  of the junction was de t e rmined  f rom the measu red  
heat flux densi ty .  The su r f ace  t e m p e r a t u r e  of the SiC e l e c t r ode s  was de t e rmined  op t ica l ly  with a OPPIR-  
017 opt ica l  p y r o m e t e r  a imed at the e l ec t rode  su r face  through the p l a s m a  flow. Moreover ,  the e lec t rode  
t e m p e r a t u r e  was m e a s u r e d  at d i s t ances  of 5-7 mm f rom the sur face  washed by the gas.  For  this  pu rpose  
we employed a OMP-49 opt ical  m i c r o p y r o m e t e r ,  which was a imed at the bot tom of a hole formed in the 

e lec t rode .  

In the expe r imen t s  we m e a s u r e d  the e l e c t r i c a l  c h a r a c t e r i s t i c s  of the segmented  gene ra to r  for s i -  
multaneous s tepwise  va r i a t i on  of the load on al l  the e l ec t rode  pa i r s ;  m o r e o v e r ,  we m e a s u r e d  the smooth 
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  of an individual  e l ec t rode  pa i r  with the o ther  p a i r s  disconnected.  These 
c h a r a c t e r i s t i c s  were  r eco rded  by a PDS-01 two-coord ina te  r e c o r d i n g  po ten t iomete r .  F u r t h e r m o r e ,  by 
means  of a s e r i e s  of p robes  mounted in the insulat ing wall  we m e a s u r e d  the potent ia l  d i s t r ibu t ion  between 
the anode and cathode of the inves t iga ted  e l ec t rode  pa i r .  O s c i l l o g r a m s  were  obtained for the va r i ab l e  c o m -  
ponent of the cu r r en t ,  the vol tage,  and the potent ia l  d i f ference  between the cathode and the ne a r e s t  probe .  
Visual  obse rva t ions  of the e l ec t rode  su r f ace  were  made through spec ia l  openings in the anode, which were  
a lso  used in obtaining photographs .  In o r d e r  to i nc rea se  the arc  obse rva t ion  angle we used a spec ia l  lens 
with focal length F = 400 mm located inside the magnet 900 mm f rom the e lec t rode .  The photographs  were  
obtained with a " Z e n i t - 3 M '  c a m e r a  ( "Ge l ios -44"  lens) on b lack -and-whi t e  and r e v e r s i b l e  co lo r  f i lm with 
speeds  of 250 and 22 (Soviet s t andard  units),  r e spec t i ve ly ,  at exposures  f rom 1/125 to 1/250 and f = 2. 
F i lms  were  obtained with "Kvar ts"  and "Lida" mot ion -p ic tu re  c a m e r a s  on b l ack -and-wh i t e  and r e v e r s i b l e  
co lor  f i lm with speeds  of 45 and 22 (Soviet s t andard  units) ,  r e s pe c t i ve l y ,  at a f i lming speed of 48 f r ames  

pe r  second.  

In the oxygen enr ichment  r e g i m e s  we obse rved  a cons ide rab le  i n c r e a s e  in the luminos i ty  of the flow 
and the wal ls  as compared  with normal  condi t ions .  The flow becomes  l e s s  t r a n s p a r e n t  and the sha rpnes s  
of the e l ec t rode  image d e t e r i o r a t e s :  the contours  of the a r e a s  of deposi t ion of the thin f i lm of p o t a s s i u m  
compounds,  the edge of the e l ec t rode ,  and o ther  de ta i l s  of the e l ec t rode  sur face ,  c l e a r l y  d is t inguishable  
under  normal  condit ions (Fig. 1), become l e s s  obvious. The con t ras t  of the image of the m i c r o a r c s  in the 
b l ack -and -wh i t e  photographs  is sha rp ly  reduced ,  although the m i c r o a r c s  a re  s t i l l  quite c l e a r l y  obse rvab le  

to the eye. 

In the oxygen en r i chment  r e g i m e s  the m i c r o a r c s  on the metal  cathodes were  usua l ly  ea s i l y  d i s -  
t inguishable  at c u r r e n t s  of 5-6 A (e lec t rode  a r e a  11 cm2). These  c u r r e n t s  were  r eached  near  the s h o r t -  
c i r cu i t  r eg ime .  However ,  m i c r o a r c s  could a lso  be obse rved  at much lower  c u r r e n t s .  The photographs  of 
the m i c r o a r c s  at the su r face  of a c i r c u l a r  meta l  e l ec t rode  (d = 25 ram) p r e s e n t e d  in Figs .  2 and 3 were  
obtained at c u r r e n t s  of the o r d e r  2 A and 1 A, r e spec t ive ly .  The a r c s  were  v i s ib le  as br ight  white moving 
spots  with a c h a r a c t e r i s t i c  ra inbowlike  aureo le .  M i c r o a r c s  were  obse rved  chief ly  around the edges of the 
e l ec t rode  and much l e s s  f requent ly  n e a r e r  to the center .  Severa l  m i c r o a r c s  were  obse rved  s imul taneous ly  
(up to 5-6 depending on the cur ren t ) .  The obse rved  ra te  of d i sp lacement  of the m i c r o a r c s  was smal l  (about 
0.5-1 c m / s e c ) ;  the luminous reg ion  of the a r c s  m e a s u r e d  1-2 ram. 
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At a r e l a t i v e l y  low p l a s m a  conduct ivi ty  in normal  r e g i m e s  the range of inves t iga t ion  is e x t r e m e l y  
l imi t ed  with r e s p e c t  to cu r r en t s  by the induced u x  B field.  Much l a r g e r  c u r r e n t s  at low p l a s m a  conduc-  
t iv i ty  can be obtained in the "braking" r eg ime ,  when the d i r ec t ion  of the ex te rna l  f ield conforms  with the 
d i r ec t ion  of the induced field. The use  of this  method made poss ib l e  a cons ide rab le  extension of the range  
of inves t igat ion with r e spec t  to cu r ren t  and o ther  p a r a m e t e r s ,  without affecting the channel opera t ing  con-  
di t ions.  

Thanks to the p r e s e n c e  of a magnet ic  f ield,  in these  expe r imen t s  the condit ions of development  of 
the m i c r o a r e s  r e m a i n e d  c lose  to the actual  opera t ing  condit ions of the MHD genera to r .  As obse rva t ions  
showed, ex t e rna l l y  the behav io r  of the a r c s  in the s t r i c t l y  gene ra to r  r eg ime  d i f fe rs  l i t t le  f rom t h e i r  b e -  
havior  in the "braking" r eg ime .  This conf i rms  the e s sen t i a l  s i m i l a r i t y  of the condit ions of ex i s t ence  of 
m i e r o a r c s  in both r e g i m e s ,  s ince ,  obviously,  the p l a s m a  poten t ia l  d i s t r ibu t ion  in the e l ec t rode  reg ions  
and the behav ior  of the a r c s  depend only on the magnitude and d i r ec t ion  of the c u r r e n t  and the magnet ie  
induction. The expe r imen t a l  condit ions d i f fered f rom those d e s c r i b e d  in [3, 5] chief ly  with r e s pe c t  to the 
p r e s e n c e  of a magnet ic  field. The effect of the magnet ic  field on the bahavior  of the a r c s  is e x p r e s s e d ,  in 
p a r t i c u l a r ,  in t h e i r  r a t e s  of d i sp lacement  in connection with the in te rac t ion  of the c u r r e n t  and the magnet ic  
field.  The r e d i s t r i b u t i o n  of cu r r en t  dens i ty  in the reg ions  of Hal l -e f fec t  diffusion flow also p lays  a c e r t a i n  
pa r t .  

The magnet ic  induction was va r i ed  f rom 0 to 1.8 Wb/m 2 and the cu r r en t  f rom 0 to 25 A, which c o r -  
r e sponds  to a cu r r en t  dens i ty  of 2-2.5 A/cm2; m i c r o a r c s  appeared  on the metal  e l e c t r o d e s  at c u r r e n t s  of 
2-2.5 A. The m i c r o a r c s  burned s tab ly  at c u r r e n t s  of about 4-5 A. It is c h a r a c t e r i s t i c  that the c u r r e n t s  at 
which the m i c r o a r c s  appeared  and the min imum c u r r e n t s  at which they burned s tab ly  were  app rox ima te ly  
the s ame  for a c i r c u l a r  meta l  e l ec t rode  with a s m a l l e r  a r e a  and the r ec t angu la r  e l e c t r o d e s .  Arcs  a lso  ap -  
p e a r e d  at app rox ima te ly  the same c u r r e n t s  on the SiC e l e c t r o d e s .  

It is i n t e r e s t i ng  to note that the most  intense a r c s  burn c h a r a c t e r i s t i c a l l y  at the boundary  between 
the cathode and the insu la tor  behind it. Usual ly  it was pos s ib l e  to d i s t inguish  a s ingle  a r c  of max imum 
b r i g h t n e s s ,  which moved v e r t i c a l l y  along the edge of the cathode at the in te r face  with the insula t ion (Fig.  
4). The r a t e  of d i sp l acemen t  of these  a r c s  along the edges ,  as fa r  as can be judged f rom visua l  o b s e r v a -  
t ions ,  was 2-3 m m / s e c .  With fu r the r  i nc rea se  in the c u r r e n t  cathode spots also appear  at the leading edge 
of the e l ec t rode ,  but these  a r e  s m a l l e r  than the spots  fu r the r  downs t r eam (Fig. 5). As the cu r r en t  in-  
c r e a s e d ,  so did the s ize  and b r igh tnes s  of the a r c s ,  and a g r e a t e r  number  of a r c s  appeared  at the edge 
(Fig.  6). When the cu r r en t  was switched off, the m i c r o a r c s  d i s a ppe a r e d ,  r e a p p e a r i n g  at the same c h a r a c -  
t e r i s t i c  points  when the expe r imen t s  were  repea ted .  

The f i lm of po tash  and o ther  p o t a s s i u m  compounds depos i ted  on the su r face  of the e l ec t rode  p lays  a 
ve ry  in t e re s t ing  role .  As obse rva t ions  showed, the m i c r o a r c s  usual ly  burn in the a r e a s  where  the f i lm is 

Fig 7 Fig. 8 
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deposited. In the experiments  with a c i rcu la r  electrode a rcs  
burned simultaneously at several  points near the edge of the e lec -  
t rode,  where the potash film was hottest (Fig. 7). The areas  coated 
with a potash film had high tempera tures  and accordingly high lu-  
minosi ty (in the figure the extensive luminous region at the top). 
,-,bservation showed that the arcs  may burn not only at the surface 
of the electrode but also at the surface of the insulator near  the edge 
of the electrode at points where the insulator is covered with a 
potash film, the lat ter  apparently creat ing an e lect r ical  current  be-  
tween the spot and the electrode.  

The tendency of the mic roa rc s  to burn on the film or  at its 
Fig. 9 

edge can probably be attributed chiefly to the higher tempera ture  of 
the film surface and its re la t ively low thermal  conductivity. At a low film thermal  conductivity the rate of 
displacement of the spots may be much higher [6], and because of the roughness of the film the conditions 
may be favorable for field emission.  The cathode spots on such films more closely resemble  spots of the 
f i rs t  type (according to the classif icat ion proposed in [6]) and should cause less erosion of the cathode 
material .  

As the magnetic field increases  f rom 0 to 1.8 Wb/m 2 at a fixed applied voltage, a considerable in- 
c r ease  in the number  and instability of the cathode spots was visually observed I although the current  va -  
r ied only slightly (approximately by 20%). The small var ia t ion of the current  is probably attributable to an 
increase  in the Hall p a r a m e t e r  and a decrease  in the efficiency of p lasma conduction with a simultaneous 
increase  in the induced emf resul t ing in a high degree of mutual compensation. 

In the experiments  with metal e lectrodes  the a rcs  at the boundaries between the electrode and the 
insulator penetrated into the gap between the electrode and insulator surfaces .  These arcs  burned at some 
distance f rom the electrode surface exposed to the flow and were quite stable. An inspection of the channel 
with metal e lect rodes  revealed that at the points where cathode spots were most frequently observed there 
were t r aces  of electrode melting and congealed slga formation. On the lateral  surfaces  of the cathode, just 
as on the adjacent lateral  surface of the insulator,  the coating had been corroded by the a rcs  and i r regu la r  
z igzag-shaped c r a t e r s  were observed; since the gap between the surfaces  was ve ry  small ,  the coating was 
symmet r i ca l ly  corroded on both sides (Fig. 8). In the case of a c i rcu la r  metal electrode surrounded by 
dense aluminum oxide, insulation arcs  were also observed to burn in the gap between the electrode and the 
insulator,  a p roces s  accompanied by local melting of the cathode with the formation of charac te r i s ic  
t r aces  on the surface of the metal and the adjacent insulator. 

As a l ready mentioned, we measured  the potential distr ibution of probes  located between the anodes 
and the cathodes of the investigated metal e lectrode pairs .  As the current  increases  f rom 0 to 4-6 A at 
B = 1.8 Wb/m 2, the potential difference between the cathode and the nearest  probe,  about 10 mm away, in-  
c reases  f rom 10-20 to 100-130 eV. Obviously, this potential difference is composed of the true cathode 
drop near the spot, the drop in the constr ic ted arc  rest ing on the spot, and the drop in the p lasma l ayer ,  
where the cur ren t  flow may al ready be assumed to be diffusionalo According to the existing data (for ex-  
ample, [7]), the cathode drop for copper  and iron cathodes is 15-16 V, and for a sodium cathode 5-9 V, 
i.e., the t rue cathode drop evidently forms a small  par t  of the total drop in the electrode region. 

The probe measurement  of e lectrode potential drops in mic roa rc  reg imes  is complicated by the fact 
that the potential difference between the probe and the electrode obviously depends on the relat ive position 
of the probe and the nearest  mic roa rcs .  As a result  of the motion of the mic roa rc s  over the surface of the 
electrode this relationship constantly changes. The variable component of the cathode drop has a range of 
5-7 V and a frequency of the o rder  of 3-6 kHz (Fig. 9). Osci l lograms of the variable components of the 
current  I (upper curve) and cathode voltage drop AVk~ at a steel e lectrode in the channel of a MHD gen-  
e ra tor  operat ing in the genera tor  regime are presented in Fig. 9; the constant cur rent  is equal to 1 A. 
The scales  of the osc i l lograms are  as follows: current  0.36 A/cm,  cathode voltage drop 3 V/era, t ime 1 
m s e c / c m  (one division on the photograph cor responds  to 1 cm). 

It may be assumed that this frequency is caused by the periodic quenching and reappearance  of the 

m i c r o a r c s  at a new site. 
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In conclusion it should be noted that the experiments  indicate the possibi l i ty of considerable erosion 
of cold e lect rodes  in the p resence  of m i c r o a r c s  on the surface.  Eros ion  may be reduced by the rapid mo-  
tion of the spots under the influence of a magnetic field and the flow. A film of potash and other  po tass ium 
compounds on the surface of the electrode may play a cer ta in  protect ive  role,  since in a MHD generator  
channel the rate of deposition of potash on the cathode and its average rate of removal  in the cathode 
spots,  r e f e r r ed  to the total surface  of the electrode,  may be commensurable .  Arcs burning between the 
electrode and the interelectrode insulator,  where the motion of the a rcs  is ~mpeded and their  destruct ive 
effect most intense, are especial ly dangerous.  The designer  should take steps to counteract  this effect. 
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