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Abstract  

A par;..metric s tudy h a s  been made of a 1000 
Mw(e) nuc lear  reactor/WH~ power p l a n t  opera t ing  on 
a closed Rray-bon cycle .  Over-al l  e f f i c i e n c i e s ,  
i.e., r a t i o  o f  n e t  e l e c t r i c a l  output  t o  thermal 
energy i n p u t ,  g r e a t e r  than 0 -5 have been ca lcu la ted  
f o r  a reqenera t ive ,  turbocompressor cyc le .  It i s  
bel ieved t h a t  i f  presen t  es t imated  c a p i t a l  c o s t s  
of a p l a n t  hased on t h i s  c y c l e  can be reduced, MHD 
power product ion may become competi t ive as  a 
comnercial power source by t h e  19b01s .  The 
economics, i.e., det . i i led c a p i t a l  c o s t s ,  f u e l  
c o s t s ,  maintenance, e tc . ,  a r e  beyond t h e  presen t  
scope o f  t h i s  study, bu t  r e c e n t  e s t i m a t ~ s  of some 
of t h e  components y e t  t o  he developed i n d i c a t e  
high c a p i t a l  c o s t  compared with conventional  power 
p l a n t  equipment. 

A schematic of t h e  cyc le  is  i l l u s t r a t e d  i n  
Fiq. 1 along with r e s u l t s  from prel iminary calcu-  
l a t i o n s  of r e p r e s e n t a t i v e  condit ions.  For t h e  
parameter s tudy,  t h e  expansion throuqh t h e  MHD 
duc t  was assumed t o  be i s e n t r o p i c  with e f f i c i e n c i e s  
from 60 t o  75' percent .  The i n l e t  s tagna t ion  
temperature and pressure  were he ld  cons tan t  a t  
3 5 9 0 " ~  and 118 ps ia .  The duc t  o u t l e t  temperature 
was allowed t o  drop below t h a t  of t h e r x a l  e q u i l i -  
brium i o n i z a t i o n  with t h e  hope of der iv ing  b e n e f i t  
from i o n  reconhinat.ion . T ~ Pcond1mt.i ng medium i s  
helium, seeded with 0.5 nole-percent cesiurn. The 
cyc le  e f f i c i e n c y ,  being a func t ion  of ~ - T ~ / T ~ ,i s  
increased by lowering t h e  compressor i n l e t  temper- 
a t u r e  and i n c r e a s i n g  t h e  h i s h  temperature recuper- 
a t o r  o u t l e t  temperatures .  The choice of "boot-
strap1! turbocornpressors was made t o  increase  t h e  
over -a l l  e f f i c i e n c y  and t o  u t i l i z e  machines with 
l i g h t e r  r o t o r s  than e l e c t r i c a l l y  coupled compres- 
sors .  Although e f f i c i e n c i e s  a r e  lowered by using 
mul t ip le  turbocompressors, t h e i r  use was considered 
necessary f o r  t h i s  c y c l e  because of t h e  l a r g e  s h a f t  
horsepower requirements  f o r  one machine ( i n  L'ne 
range o f  0.5 t o  1mil l ion  horsepower) . The study 
included t h e  use of two, t h r e e ,  and four  turbo-  
compressors w i t h  a water-cooled h e a t  exchanger 
between each compressor. The ranees  of e f f i c i e n -  
c i e s  f o r  t h e  t u r b i n e  and conpressor  were, 
r e s p e c t i v e l y ,  80 t o  90 and 75' t o  85' percent .  

Within t h e  scope of  t h e s e  s t u d i e s ,  t h e  only 
parameters f o r  r e a c t o r  des ign  a r e  core geometries 
necessary f o r  h e a t  t r a n s f e r  and pressure  drop 
c a l c u l a t i o n s .  No cons idera t ion  has been qiven t o  
neutronics ,  c o n t r o l  problems, 01- necessary i n t e r -  
n a l  duc t ing  of  t h e  coolant .  

I n  using conventional  shell-and-tube h e a t  

exchanger des igns  f o r  t h e  water-cooled exchangers 

and t h e  low tempera twe  recupera tor ,  p ressure  

drops become p r o h i b i t i v e .  Vnique des izns  w i l l  be 

necessary t o  provide l a r g e  f low cross -sec t iona l  


a r e a s  and s h o r t  l e n g t h s  t o  achieve pressure  drops 
l e s s  than 10 p s i  a t  t h e  low pressures  i n  t h e  loop 
( l e s s  than lii0ps-i). The hign temperatllre recurler- 
a t o r  operates  a t  temlnlleratures beyond p r e s e n t  metal 
heat, e x c h a n ~ e r  techno1o:y. The cold s i d e  o u t l e t  
t e m ~ ~ e r a t u r e  Thisranges  from 2200 t o  2500°F. 
t e n p e r a t w e  l e v e l  w i l l  r e q u i r e  r e f r a c t o r y  mate r ia l s  
such a s  g raphi te  o r  r e f r a c t o r y  metals  l i k e  tun j i s te~ i  
or nolybdennm. Other r i rac t ica l  problems assoc ia ted  
with s71ch a p l a n t  a r e  the  e f f e c t s  snd r e n o v l l  ( i f  
necessary)  of t h e  cesium seed and t h e  e f f e c t s  and 
c o n t r o l  of t r a c e  impirr i t ies  s ~ ~ c h  a s  oxygen i n  t h e  
high temperature por t ions  of t h e  loop.  Present  
technoloqy of ,maphite  h e a t  exchanqers i s  s u f f i -
c i e n t  f o r  t h e  design of t h e  hiyh t e n y e r a t m e  
recupera tor ,  hu t  knowledqe of  t h e  e f f e c t s  of cesiiun 
on g r a p h i t e  i s  i n s u f f i c i e n t  t o  ~ r e d i c t  t h e  l i fe t i l l la  
of t h i s  component. The e f f o c t s  of  h izh  t e n i p e r a t ~ r e  
cesium on r e f r a c t o r y  metals i s  n e ~ l i q i b l e ,bu t  t h e  
p resen t  f a b r i c a t i o n  c o s t s  with t h e s e  metals  a r e  
n o t  cornpetitive with t h e  c o s t s  of g raphi te .  

The opera t ion  of t h i s  loop with t h e  possi-  
b i l i t y  of f i s s i o n  product contamination requi res  
t h a t  loop components be r e l i a b l e  and l e a k  t i q h t .  
This  requirement i n  p r e s ~ n t  r e a c t o r  c o o l a n t  loops 
h a s  l e d  t o  t h e  development of compressors with 
hydrodpamica l ly  l u b r i c a t e d  gas hexrings.  These 
nachj-nes can be t o t a l l y  l lcan~.edu and do n o t  
r e q u i r e  t h e  p e r i o d i c  maintenance of qrease-  
l u b r i c a t e d  bear ing  machines. The :MD cyc le  
r e q u i r e s  a l a r q e ,  high-powered machine f o r  a hi.:ii 
p ressure  r a t i o  and low d e n s i t y  f l u i d .  Tn t h e  
Presen t  "s tate-of- the-ar t" ,  lar>ye, uas-bearing 
machines have been developed with c e n t r i f u s a l  
impel le r s  f o r  low pressure  r q t i o s  and high d e n s i t y  
f l u i d s .  For e f f i - c i e n t  operatj.on, the  requirements 
f o r  an >ED c y c l e  a r e  b e t t e r  n e t  by a s taved-axial  
f low compressor, and gas-bearing a x i a l  i'lou com-
p r e s s o r s  have on ly  been developed f o r  h izh  d e n s i t g  
f l u i d s .  There a r e ,  hotrever, a c t i v e  progr s~lsi n  
ex i s tence  f o r  t h e  developaent of g a s - h e x  irli: 
l lboot-strap" t~n-bocompressors. The dev-lolimefit of 
such a machi-ne appears necessary f o r  +,ilis cycle i;o 
be competi t ive f o r  fl>.tilre porier p r o d i ~ c t ~ i o n ,  

The foregoing examples i n d j  c a t e  on1 g boiiie 
of t h e  problems i n  t h e  design of  a nuc lear  r e a c t o r  
/?'DID power p l a n t .  To be competi t ive even with 
p r e s e n t  conventional  ( f o s s i l - f u e l e d  or  n i ~ c l s z r )  
power p l a n t s ,  major developments, p a r t i c l l l l r l v  i n  
high temperature technolosy and turbori~achiner~:~, 
K i l l  be necessary.  

Work done [rider t h e  auspices  of  t h e  United S t a t e s  
Atomic Znerqljr C o n ~ i s s i o n  . 
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Fig. 1 - Schematic of a 1000 >lw(e) S u c l e a r  Reactor/5UlD Power P l a n t .  
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