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Abstract  
_I_ 

The !&ID induc t ion  genera tor  has  been pro- 
posed f o r  use  i n  l i q u i d  metal  power gen r a t i o n  
~ y s t e r w ~ ' ~ > 3  or otherus ing  a condens'ng ejecto$ 
form of l i q u i d  a c c e l e r a t i o n 3  I n  t h i s  paper r e a l  
machine e f f e c t s  i n  t h e  induc t ion  generator  a r e  
analyzed t o  determine t h e  condi t ions  under which 
t h i s  machine may be s u c c e s s f u l l y  u t i l i z e d  i n  a 
l i q u i d  metal  p a r e r  system. Both land  based and 
space  v e h i c l e  a p p l i c a t i o n s  a r e  considered. 
A t t e n t i o n  is  confined t o  t h e  case of  f l a t ,  l i n e a r  
geometry and a channel  of cons tan t  c ross -sec t iona l  
a rea .  Extension t o  other  s i t u a t i o n s ,  such a s  t h e  
v a r i a b l e  a r e a  genera tor  i n  which dynamic head is  
u t i l i z e d  in t h e  energy conversion process ,  is  
p r e s e n t l y  under cons idera t ion .  The te rmina l  
p r o p e r t i e s ,  power-flow r e l a t i o n s ,  and s teady-s ta te  
performance c h a r a c t e r i s t i c s  a r e  determined f o r  a 
machine of  f i n i t e  l e n g t h  wi th  a v i scous ,  incom-
p r e s s i b l e  f l u i d ,  and impl ica t ions  of t h e  r e s u l t s  
ob ta ined  a r e  discussed f o r  s e v e r a l  examples. 

The t h e o r y  f o r  t h e  i n f i n i t e - l e n g t h  machine 
with a con t a n t  f l u i d  v e l o c i t y  has  been prev ious ly  
p r e s e n t e d  The extension of  t h i s  t h e o r y  t o  cover 
bo th  symnetr ic  and antisymmetric e x c i t i n g  c u r r e n t s  
shows t h a t  t h e  power d e n s i t i e s  in t h e  a n t i s y n n e t r i c  
c a s e  may be many orders  of  magnitude l e s s  than  with 
symmetric e x c i t a t i o n ,  and t h a t  antisymmetric 
e x c i t a t i o n  is  accordingly n o t  accep tab le  f o r  power 
genera t ion .  

The i n c l u s i o n  of f l u i d  v i s c o s i t y  in  t h e  
t'?eury changes t h e  v e l o c i t y  p r o f i l e  and t h e  power 
flow, b e s i d e s  adding viscous l o s s .  Laminar f low 
sol11tior.s a r e  obtained us ing  an approximate s e t  of 
equa t ions .  For a narrow channel  i n  which t h e  mag-
n e t i c  f i e l d  i s  c o n s t a n t  a c r o s s  t h e  channel,  a 
Fiartrnann v e l o c i t y  p r o f i l e  i s  obtained with an 
e f f e c t i v e  Hartnann number based on t h e  rms mag-
n e t i c  f i e l d .  V i s c o s i t y  i n c r e a s e s  t h e  mechanical 
power r e q u i r e d  t o  d r i v e  t h e  f low due t o  c i r c u l a t -  
i n g  c . w r e n t s  and v i scous  l o s s  without  cnanging t h e  
e l e c t r i c a l  output  power of t h e  genera tor .  For 
l a r g e  v a r i a t i o n s  i n  t h e  magnetic f i e l d  ac ross  t h e  
c!lnnnel, numerical  s o l u t i o n s  a r e  requ i red .  The 
pover f l o w  i s  d r a s t i c a l l y  a l t e r e d  from t h e  con- 
s t a n t  v e l o c i t y  case,  s ince  t h e  boundary r e g i o n s  
determine t h e  behavior, t o  t h e  e x t e n t  t h a t  gener- 
a t o r  o p e r a t i o n  with an acceptable  e f f i c i e n c y  is  
not  p o s s i b l e .  
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The f l u i d  flow i n  a p r a c t i c a l  ?DID generi : r  
w i l l  be  t u r b u l e n t ,  L i t t l e  i s  known about turi-1s 
l e n t  MHD flows Kith e i t h e r  d-c o r  a-c ma-metic 
f i e l d s ,  y e t  both t h e  v e l o c i t y  p r o f i l e  and t h e  
v i s c o l ~ s  l o s s  a r e  required f o r  t h e  des iqn  of a 
genera tor .  .4pproxi mate r e s u l t s  can be  obtained 
us ing  boundary layer  theory  u n t i l  experimental data 
becomes a v a i l a b l e .  The a n a l y s i s  i s  appl icab le  t o  
channe l  flows with e i t h e r  d-c o r  a-c magnetic 
f i e l d s  provided the  magnetic f i e l d  i s  constant 
a c r o s s  t h e  channel.  For laminar  f low it y i e l d s  an 
approximation t o  t h e  Hartmann p r o f i l e .  For turbu- 
l e n t  flow t h e  ana lys i s  g ives  both a v e l o c i t y  pro- 
f i l e  t o  use i n  studying t h e  power f low and a 
f r i c t i o n  f a c t o r .  The f r i c t i o n  f a c t o r  l i e s  between 
t h e  
Harris 

o r8i n a r y  hydraul ic  value7 and t h e  r e s u l t s  of  
f o r  W D  tu rbu len t  flows, a s  it should 

s i n c e  Harris inc ludes  bo th  v i scous  l o s s e s  and 
circulat i&-current  l o s s e s  i n  h i s  d e f i n i t i o n .  The 
f r i c t i o n  f a c t o r  does not g ive  t h e  c o r r e c t  viscous 
power l o s s  f o r  MHD flows, b u t  i s  h igh  by about a 
f a c t o r  of two. 

The f i n i t e - l e n g t h  generator  i s  considered 
by an a n a l y s i s  similar t o  t h a t  of  ~ u d a n . ~  The 
equat ions f o r  t h e  c o i l  impedance and power flow 
a r e  obtained and i n t e r p r e t e d ,  and n u n e r i c a l  r e s u l b  
a r e  presented.  The p r i n c i p a l  e f f e c t  i f  t h e  machine 
i s  nore than about two wavelengths l o n g  i s  t o  
reduce t h e  power l e v e l  without  much change i n  t h e  
e l e c t r i c a l  e f f i c i e n c y ,  while  f o r  a s h o r t e r  machine 
genera tor  opera t ion  is  impossible .  The minimum 
l e n q t h  i n c r e a s e s  with decreasing magnetic Reynolds 
number and decreasing magnitude of t h e  f l u i d  s l i p  
r e l a t i v e  t o  t h e  t r a v e l i n g  magnetic f i e l d .  

Based on t h e  previov-s theory,  t h e  range of 
machine parameters f o r  accep tab le  performance i s  
determined. Prel iminary c a l c u l a t i o n s  a r e  given 
f o r  s e v e r a l  examples of MHD i n d u c t i o n  generators  
operated on l i q u i d - ~ . e t a l  flows. It i s  concluded 
t h a t  o v e r a l l  e f f i c i e n c i e s  i n  t h e  ranqe of 70 t o  
65 p e r  cent  can be a t t a i n e d  i n  p r a c t i c a l  high- 
power genera tors ,  b u t  t h z t  it may n o t  be possible  
t o  achieve t h e  lower e f f i c i e n c y  l i m i t  a t  power 
l e v e l s  below about one megawatt. 
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