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STUDY ON ARC-QUENCHERS FOR MHD GENERATOR ANODE WALL 

V .  A. Bashi lov ,  Y .  V .  Makarov, V. Y .  Sorokin 

S c i e n t i f i c  and Product ion  Assoc ia t ion  "Energy" 
Moscow, USSR 

The i n t e r e l e c t r o d e  breakdown on t h e  anode 
wa l l  accompanied by propagat ion  of t h e  e l e c t r i c  
a r c  i n s i d e  t h e  w a l l  i s  a major l i m i t a t i o n  i n  
ach iev ing  a h ighe r  Ha l l  f i e l d  i n t e n s i t y  i n  
segmented Faraday-type channels .  

Consider ing t h e  f a c t  t h a t  a breakdown may 
occur due t o  such hard- to-contro l  phenomena as  
l o c a l  non-uniformity of t h e  load f a c t o r ,  i n t e r -
e l e c t r o d e  v o l t a g e  f l u c t u a t i o n s ,  on-load over-
v o l t a g e  of i n v e r t e r s ,  e t c . ,  t h e  preference  of 
some average  channel parameters  cannot be rega rded  
a s  a guarantee  f o r  t h e  r e l i a b l e  performance of 
t h e  anode w a l l .  

The r e p o r t  p r e s e n t s  t h e  r e s u l t s  of t h e  anode 
wal l  p r o t e c t i o n  by means of arc-quenchers which 
e f f e c t i v e l y  employ t h e  a r c i n g  phenomena i n s i d e  
t h e  anode w a l l .  Various des igns  of arc-quenchers 
a r e  d i scussed .  The o p e r a t i o n a l  p r i n c i p l e  of t h e  
quenchers c o n s i s t s  i n  s t r e t c h i n g  of t h e  a r c  
wh i l e  it i s  i n  p rog res s  under t h e  f o r c e  of t h e  
a c t i n g  magnetic f i e l d  t o  a l e n g t h  exceeding t h e  
c r i t i c a l  v a l u e .  

The r e p o r t  p re sen t s  t h e  r e s u l t s  of theore-
t i c a l  r e s e a r c h  and exper imenta l  i n v e s t i g a t i o n  
performed on a l a b o r a t o r y  r i g .  

The c r i t e r i a  f o r  t h e  op t ion  of t h e  des ign 
a r e  t h e  maximum v o l t a g e  a t  which t h e  a r c  i s  
r e l i a b l y  quenched and t h e  maximum number of 
quenching c y c l e s  r e t a i n i n g  i t s  quenching a b i l i t y .  

The geomet r i ca l  dimensions of t h e  quenchers 

a r e  predetermined by t h e  requirements  of t h e i r  

s u i t a b i l i t y  f o r  medium-scale channels .  


The dynamic volt-ampere c h a r a c t e r i s t i c s ,  

r a t e  of a r c i n g  p roces s ,  quenching t ime a s  a 

f u n c t i o n  of t h e  a r c  c u r r e n t  and t h e  magnetic 

f i e l d  i n t e n s i t y  have been analysed f o r  t h e  a r c - 

quencher t h a t  proved t o  have  t h e  b e s t  q u a l i t i e s .  


Using high-speed f i l m i n g  technique  t h e  me- 

chanisms r e s p o n s i b l e  f o r  t h e  a r c i n g  process  and 

quenching i n  r e l a t i o n  t o  s p e c i f i c  volt-ampere 

c h a r a c t e r i s t i c s  has  been s t u d i e d  and t h e  c r i t i c a l  

a r c  l e n g t h  determined. The exper imenta l  d a t a  a r e  

i n  good agreement w i th  t h e  r e s u l t s  of t h e  simple- 

model c a l c u l a t i o n s .  Th i s  a l l ows  t o  p r e d i c t  

parameters  of t h e  arc-quenchers t o  be  used i n  

MHD channe l s .  


The r e s u l t s  t hus  ob ta ined  formed a b a s i s  f o r  

t h e  development of an i n t e r e l e c t r o d e  gap model 

w i th  an arc-quenching c a v i t y .  The model was 

t e s t e d  on a combustion chamber f a c i l i t y .  


The combustor,  burning l i q u i d  f u e l  con ta in ing  

potass ium seed ,  genera ted  a f low of combustion 

products  a t  Mach number of about 2 and a f low 

r a t e  of 0 .5  k g l s .  


A p a i r  of cold  o r  semi-hot e l e c t r o d e s  was 

p laced downstream i n  t h e  magnetic f i e l d  t o  

s imu la t e  i n  t h e  app l i ed  e l e c t r i c a l  f i e l d  t o  t h e  

b e s t  p o s s i b l e  deg ree  t h e  breakdown and arc-quen- 

ching c o n d i t i o n s  i n  t h e  channel .  


The exper imenta l  r e s u l t s  of t h e  arc-
quenchers '  performance under d i f f e r e n t  ope ra t ing  
cond i t i ons  were obta ined.  High-speed f i lming  
technique  was used t o  s tudy t h e  arc-quenchers 
process .  

The c r i t i c a l  a r c  l e n g t h  a s  a f u n c t i o n  of 
v a r i o u s  parameters a t  average  c u r r e n t  v a l u e s  
of 20-30 amperes was determined. 

The r e s u l t s  confirmed t h e  d a t a  of ca lcu-
l a t i o n s  and model t e s t s  performed i n  t h e  labora-  
t o r y .  The arc-quencher opera ted  r e l i a b l y  wi th  
continuous over-voltage on t h e  i n t e r e l e c t r o d e  
gap a t  a f requence  of 2 .5  kHz. 

The exper imenta l  d a t a  obta ined wi th  t h e  
here in-discussed arc-quencher used i n  t h e  anode 
w a l l  of a segmented Faraday-type channel a r e  
presented .  Performance of t h e  arc-quencher was 
evaluated  by t h e  curve shape of t h e  i n t e r -  
e l e c t r o d e  v o l t a g e  v a r i a b l e  component. Com-
pa r i son  was drawn f o r  t h e  ca se  of concre te-
f i l l e d  i n t e r e l e c t r o d e  gaps.  

It i s  proved t h a t  t h e  suggested p r i n c i p l e  

of t h e  anode w a l l  p ro t ec t ion  and i t s  p r a c t i c a l  

implementation produce s a t i s f a c t o r y  r e s u l t s  

a s  f a r  a s  t h e  arc-quencher performance a t  both 

random over-voltage and continuous ope ra t ion  i s  

concerned. 


The s tudy i n d i c a t e s  t h a t  t h e  a r c  c r i t i c a l  

l eng th  i s  s l i g h t l y  dependent on  t h e  c u r r e n t  

va lue  i s  about 4mm. This  makes it p o s s i b l e  t o  

a r r i v e  a t  a simple des ign of t h e  anode w a l l .  


Cons ide ra t ion  i s  g iven t o  a q u a l i t a t i v e  

a n a l y s i s  of a number of problems regarding the  

u se  of arc-quenchers i n  t h e  channels  of f u l l - 

s c a l e  p l a n t s ,  i nc lud ing  such i tems a s :  


-build-up of seed i n  t h e  arc-quenching 
c a v i t y  

-mode of d i scha rge  a t  breakdown under 
v a r i o u s  over-voltage c o n d i t i o n s ;  

-poss ib le  des ign a l t e r n a t i v e s  promoting a 
a h ighe r  performance r e l i a b i l i t y  of a r c -
quenchers.  

The r e s u l t s  obta ined a r e  encouraging but 
r e q u i r e  f u r t h e r  experimental  v e r i f i c a t i o n  i n  t h e  
cond i t i ons  of a cont inuously .  

-NOTE: This  manuscript  was n o t  rece ived i n  t ime 
t o  meet t h e  p r i n t i n g  d e a d l i n e .  The 
a u t h o r s  a r e  encouraged t o  provide  copies  
a t  t h e  meeting.  
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