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Abs t rac t  

The e f f ec t s  o f  MHD genera tor  length,  l e v e l  o f  
oxygen enrichment, and oxygen product ion  power on 
t h e  performance o f  MHDIsteam power p l a n t s  ranging 
f rom 200 t o  1000 MW i n  e l e c t r i c a l  ou tput  are  in-
ves t iga ted.  The p l a n t s  cons idered use oxygen en- 
r i c h e d  combustion a i r  preheated t o  1100' F. Both 
p l a n t s  i n  which t h e  MHO genera tor  i s  cooled w i t h  
low temperature and pressure  b o i l e r  feedwater and 
p l a n t s  i n  which t h e  genera tor  i s  cooled w i t h  h igh 
terrlperature and pressure  b o i l e r  feedwater are con- 
s idered. I t  i s  shown t h a t  f o r  p l a n t s  us ing low 
temperature b o i l e r  feedwater f o r  generator c o o l i n g  
t h e  maximum thermodynamic e f f i c i e n c y  i s  obtained 
w i t h  sho r te r  genera tors  and a lower l e v e l  o f  oxy-
gen enr ichment compared t o  p l a n t s  us ing h igh tem- 
pe ra tu re  b o i l e r  feedwater f o r  generator coo l ing .  
I t i s  a l s o  shown t h a t  t he  generator l eng th  a t  
which t h e  maximum p l a n t  e f f i c i e n c y  occurs in-
creases w i t h  power p l a n t  s i z e  f o r  p l a n t s  w i t h  a 

. 	 genera tor  cooled by low temperature feedwater. 
A lso  shown i s  t h e  r e l a t i o n s h i p  o f  t h e  magnet 
s to red  energy requirement t o  t h e  generator l eng th  
and t h e  power p l a n t  performance. Poss ib le  
cost /performance t r a d e o f f s  between magnet cos t  and 
p l a n t  performance are i nd i ca ted .  

I n t r o d u c t i o n  

Recent cos t lper formance s tud ies  such as t he  
"Parametr ic Study o f  P o t e n t i a l  E a r l y  Commercial 
MHD Power P lants"  ( P S P E C ) ~ - 3have helped t o  
i d e n t i f y  p l a n t  c o n f i g u r a t i o n s  us ing  oxygen en- 
r i c h e d  a i r  preheated t o  an i n te rmed ia te  tempera- 
t u r e  as most a t t r a c t i v e  f o r  an e a r l y  commercial 
MHD/steam p lant .  Such a  p l a n t  a t  a  s i z e  o f  about 
1000 MWe i s  be ing considered i n  more d e t a i l  i n  t h e  
"Conceptual Design Stud o f  E a r l y  Commercial MHD 
Power P l a n t "  (CSPEC).4.f I n  a  prev ious 
paper,6 t h e  e f f e c t  o f  genera tor  length  on t h e  
performance, optimum l e v e l  o f  oxygen enrichment, 
and magnet s to red  energy requirement o f  a  1000 MWe 
p l a n t  w i t h  1100' F preheat  was considered. Cal-
c u l a t i o n s  were lnade f o r  genera tor  lengths  o f  10, 
15, 20, and 25 meters. It was found t h a t  t he  
optimum enrichlnent l e v e l  was about 35 volume per- 
cent  oxygen a t  a l l  these genera tor  lengths.  The 
power p l a n t  e f f i c i e n c y  increased w i t h  generator 
l e n g t h  as d i d  t h e  magnet s to red  energy required. 
However, i t  was shown t h a t  us ing  a  sho r te r  l eng th  
genera tor  t o  l i m i t  magnet c o s t s  imposed on l y  a 
modest pena l t y  on t h e  p l a n t  performance. 

I n  t h e  p resen t  s tudy t h e  methods o f  t h i s  
prev ious paper a re  used t o  i n v e s t i g a t e  power 
p l a n t s  w i t h  power ou tpu ts  o f  200 t o  1000 MWe. I n  
add i t i on ,  one o t h e r  impor tan t  e f f e c t  i s  i n v e s t i -  
gated. The t ype  o f  c o n s t r u c t i o n  conterrlplated f o r  
t h e  MHD genera tors  which would be used i n  e a r l y  
commercial p l a n t s  l i m i t s  t h e  maximum temperature 
o f  t he  water used t o  coo l  t h e  generator t o  about 
250' t o  300' F . ~ Y ~Ift h e  generator heat l o s s  
i s  recovered by c o o l i n g  t h e  generator w i t h  b o i l e r  
feedwater f rom t h e  steam bot toming cycle,  t h i s  
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temperature l i m i t a t i o n  requ i res  d i s p l a c i n g  low 
pressure regenera t ive  feedwater heaters  which 
cou ld  o therwise be used. This means t h a t  the 
e f f i c i e n c y  of t h e  bottoming steam c y c l e  i s  ad- 
ve rse l y  a f f ec ted ,  t he  more so t h e  g rea te r  the  gen- 
e r a t o r  heat loss. Using such low temperature gen- 
e r a t o r  c o o l i n g  s i g n i f i c a n t l y  mod i f i es  t h e  r e s u l t s  
g i ven  i n  t h e  previous paper where a  constant 
bottoming c y c l e  e f f i c i ency  was assumed. The re- 
s u l t s  g iven the re  apply t o  the case when the MHO 
generator i s  cooled w i t h  b o i l e r  feedwater a t  a 
telr lperature h ighe r  than the  teli iperature o f  the  
feedwater l eav ing  the  f i n a l  regenera t ive  feedwater 
heater.  Such h i g h  temperature generator cool ing 
i s  a l so  considered i n  t h i s  paper over t he  range o f  
p l a n t  s izes  so t h a t  comparison between the  two 
coo l i ng  methods can be made. 

Ana lys is  Method 

The power p l a n t  performance and design param- 
e t e r s  used i n  t h i s  study are l i s t e d  i n  Table I. 
The combustor opera t ing  cond i t ions ,  namely the  
heat l oss  o f  5  percent o f  the coa l  h igher  heating 
value (HHV) and t h e  80 percent s lag  re jec t i on ,  
were assumed t o  be the  same f o r  a l l  t h e  p lan t  
s i zes  considered. The seed ma te r i a l  was a  mixture 
o f  potassium carbonate and potassium s u l f a t e  i n  a  
p ropo r t i on  s u f f i c i e n t  t o  meet NSPS emission stan- 
dards7 and i n  amount s u f f i c i e n t  t o  g i ve  the  
s p e c i f i e d  coa l  t o  potassium weight r a t i o .  For the 
Montana Rosebud coal ,  t he  NSPS requ i res  t h a t  SOx 
emissions be reduced by 70 percent over the un-
c o n t r o l l e d  emission l e v e l .  

The MHD generator performance was calculated 
by methods descr ibed i n  previous papers.6,8,9 
The generator performance c a l c u l a t i o n s  were per-
formed wi.th a  quasi-one-dimensional f l o w  model. 
Th is  model cons i s t s  o f  an i n v i s c i d  c e n t r a l  core 
f l o w  w i t h  developing boundary l aye rs  along the 
wa l l s .  The generators are  Faraday loaded and are 
l o f t e d  t o  operate a t  an approximately constant 
Mach number. The e lec t rode vo l tage drops are 
assumed t o  be a  quadra t ic  f u n c t i o n  o f  t he  boundary 
l a y e r  displacement th ickness. The values o f  the 
constant c o e f f i c i e n t s  were selected t o  g i ve  an 
a x i a l  vo l tage drop d i s t r i b u t i o n  s i m i l a r  t o  t h a t  
used i n  t h e  Avco PSPEC re ference p l a n t  no. 3.1 

The generator opera t ing  cond i t i ons  were 
chosen by a  procedure which ensures t h a t  t he  gen- 
e r a t o r  w i l l  produce t h e  maximum power consistent 
w i t h  a  s p e c i f i e d  se t  o f  i n t e r n a l  generator con- 
s t r a i n t s  and cons i s ten t  w i t h  maximizing the per- 
formance o f  t h e  power p l a n t  as a  whole. This 
procedure, which i s  b r i e f l y  descr ibed below, was 
c a r r i e d  o u t  f o r  each combinat ion o f  generator 
length,  oxygen enrichment l e v e l  and power p lan t  
s i z e  considered i n  t h i s  study. For each such com- 
b i n a t i o n  and f o r  each pressure i n  a  range o f  l n l e t  
s tagnat ion  pressures, t h e  minimum value o f  the 
l oad  parameter (KMIN) was adjusted u n t i l  the  
des i red genera tor  l eng th  and e x i t  pressure were 
obtained. For each i n l e t  pressure, t he  r e s u l t i n g  
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generator des ign  operates a t  t h e  spec i f i ed  Mach 
r~umber and a t  two o f  severa l  s p e c i f i e d  l i m i t i n g  
values o f  generator parameters a t  every a x i a l  
locat ion .  The two l i m i t i n g  values are se lec ted 
from among KMIN and those l i s t e d  i n  Table I 1  
so t h a t  t h e  l o c a l  power d e n s i t y  i s  a  maximum. 

The generator i n l e t  s tagna t i on  pressure f o r  
each combinat ion o f  generator length,  oxygen en- 
richment l e v e l  and p l a n t  s i z e  under cons ide ra t i on  
was then chosen so t h a t  t h e  power p l a n t  thermo- 
dynamic e f f i c i e n c y  i s  maximized. The power p l a n t  
thermodynamic e f f i c i e n c y  i s  def ined as t h e  gross 
AC power ou tpu t  o f  t h e  power p l a n t  d i v i ded  by the  
h igher  heat ing  value o f  t h e  coa l  i npu t  t o  t h e  
p lan t .6  I t may be w r i t t e n  as 

where 

i s  t h e  power i n  t he  f u e l  input  t o  t he  p l a n t  
based on i t s  h igher  heat ing  value; 

i s  ~IPM - PC: the  net power o f  the  
MHD topp ing cyc le  f o r  spec i f i ed  mass 
f l o w s  o f  coal ,  seed, and ox id i ze r ;  

i s  t he  MHD generator DC output;  
i s  t h e  e f f i c i e n c y  o f  t he  DC-AC inve r te r ;  
i s  t h e  power requ i red  t o  d r i v e  t h e  c y c l e  

compressor; 
i s  t h e  sum o f  stack losses and o ther  losses 

and a l so  inc ludes the  power requ i red  f o r  
coa l  dry ing; 

i s  t h e  power i n  t he  seed associated w i t h  
conve r t i ng  it f rom K2CO3 t o  K2SO4; 

i s  t h e  power used t o  d r i v e  t he  a i r  separa- 
t i o n  p l a n t  compressors; and 

i s  an e f f e c t i v e  e f f i c i ency  o f  t h e  combina- 
t i o n  o f  the  steam turbine-generator c y c l e  
and the  steam turbine-compressor cyc les  
g iven by 

where 

are, respect ive ly ,  t h e  e f f i c i e n c i e s  o f  
t h e  steam turb ine-genera tor  cyc le  and 
o f  t h e  steam t u r b i n e  cyc les  t h a t  
d r i v e  t he  MHD compressor and t h e  a i r  
separa t ion  p l a n t  compressor. 

i s  t h e  net  steam turb ine-genera tor  e lec-
t r i c a l  output.  

The des i red  power p l a n t  gross AC e l e c t r i c a l  ou tput  

PT = nIPM + P G  

i s  obtained by ad jus t i ng  t h e  mass f l o w  r a t e  
through t h e  MHD generator.  

I f  t h e  e f f e c t i v e  bottom c y c l e  e f f i c i e n c y ,  
qs, i s  constant,  then f o r  a  g iven l e v e l  o f  oxy- 
gen enrichment and a  g iven MHD generator mass f l o w  
r a t e  t h e  above expression shows t h a t  t h e  thermo- 
dynamic e f f i c i e n c y  i s  a  maximum i f  t h e  ne t  MHO 
power, PN, i s  a  maximum. Severa l  p rev ious stud- 
i e s  have used t h i s  c r i t e r i o n  t o  determine t h e  

ressu re  f o r  g iven generator k ? n,I n  t he  present  s tudy v a r i e s  
w i t h  t h e  genera tor  heat  l o s s  i n  t h e  cases i n  which 
the generator i s  cooled w i t h  low teniperature 

b o i l e r  feedwater. For  t h i s  reason the  p l a n t  
thermodynamic e f f i c i e n c y  i s  ca l cu la ted  f o r  t h e  
e n t i r e  range o f  i n l e t  pressures r a t h e r  than f o r  
on l y  the  pressure se lec ted by t h e  maximum PN. 
The desired opera t ing  pressure i s  then t h e  pres- 
sure corresponding t o  t h e  maximum e f f i c i e n c y .  
However, s ince l a rge  v a r i a t i o n s  i n  q~ a r e  p r i -
m a r i l y  a  r e s u l t  o f  changes i n  generator l e n g t h  and 
oxygen enrichment l eve l ,  t h e  maximum PN proce-
dure s t i l l  g ives  very good r e s u l t s  f o r  t h e  optimum 
pressure f o r  a  f i x e d  generator l eng th  and oxygen 
enrichment l eve l .  

The bottoming cyc le  performance was ca lcu-
l a t e d  using a  steam c y c l e  computer code.10 A t  
each p l a n t  s ize,  except f o r  t h e  feedwater hea te r  
arrangement, t h e  bas i c  c y c l e  c o n f i g u r a t i o n  and 
method o f  i n t e g r a t i o n  w i t h  t he  topp ing c y c l e  was 
kept f i x e d  as t h e  generator l eng th  and l e v e l  o f  
oxygen enrichment were changed. Minimum tempera- 
t u r e  d i f f e rences  were maintained between t h e  gas 
and steam sides i n  a l l  cases. A f i x e d  MHD genera- 
t o r  coo l i ng  water o u t l e t  temperature was main-
ta ined f o r  t he  low temperature feedwater coo led  
cases. The feedwater heater t r a i n  upstream o f  t h e  
generator coo l i ng  was va r i ed  t o  meet t h i s  cond i -  
t i o n  as t h e  generator heat l oss  changed. E i t h e r  
t h e  number o f  feedwater heaters  i n  t h i s  p o r t i o n  o f  
the  t r a i n  o r  t h e i r  opera t ing  cond i t i ons  were var-
i ed  as necessary. For t h e  bottoming cyc les  con-
sidered i n  t h i s  study, t h e  number o f  feedwater  
heaters  preceeding t h e  generator c o o l i n g  can va ry  
between none and two. A t  each p l a n t  s i z e  t h e  ca l -  
cu la ted  bottoming c y c l e  performance i s  t hen  a 
f u n c t i o n  o f  t h e  heat added t o  t h e  bottoming cyc le ,  
the  MHD generator heat  loss,  t h e  work r e q u i r e d  by 
t he  cyc le  and a i r  separa t ion  p l a n t  (ASU) compres- 
sors, t h e  gas s ide  mass f l o w  ra te ,  and t h e  coa l  
mass f l o w  ra te .  O f  these fac to rs ,  t h e  MHD genera- 
t o r  heat l oss  has by f a r  t h e  l a r g e s t  i n f l u e n c e  on 
the  bottoming cyc le  e f f i c i e n c y .  F igu re  1 i l l u s -
t r a t e s  t h e  v a r i a t i o n  i n  bottoming c y c l e  e f f i c i e n c y  
f o r  t h e  500 MW p l a n t  as a  f u n c t i o n  o f  t h e  MHD qen- 
e r a t o r  heat l oss  when the  remaining f a c t o r s  d i i -  
cussed above are he ld  f i x e d .  

The bottoming cyc le  c o n f i g u r a t i o n  f o r  t h e  
200 MW p lan t  i s  based on t h a t  developed f o r  t h e  
MHD Engineering Test F a c i l i t y  (ETF) by G i l b e r t  
Associates, Inc.  (GAI) .11 This  i s  an 
1800 ps ig11000~ ~ 1 1 0 0 0 '  F cyc le  w i t h  a  2  i n  Hga 
condenser pressure. The t u r b i n e  which d r i v e s  t h e  
compressors i s  d r i v e n  w i t h  reheat  steam. Fo r  t h e  
purposes o f  t h i s  study t h e  c y c l e  and ASU compres- 
sors  are assumed t o  be d r i v e n  by a  s i n g l e  t u r -  
bine. The feedwater t r a i n  inc ludes f rom t h r e e  t o  
f i v e  feedwater heaters.  t h e  aenerator coo l i na .  and 
two economizers. The k~generator c o o l i n g  wa te r  
o u t l e t  temperature i s  he ld  a t  t h e  280' F  l i m i t  
used by GAI. The c y c l e  has been ad jus ted f o r  a 
stack temperature o f  250' F. 

The bottoming cyc les  f o r  t h e  500 MW and 
1000 MW p l a n t s  are based on t h e  Avco CSPEC bottorn- 
i n g  cycle.4 Th is  i s  a  2400 ps ig /10050 ~ 1 1 0 0 0 '  F 
c y c l e  w i t h  a  condenser pressure o f  2  i n  Hga. The 
c y c l e  compressor and t h e  ASU conipressor a re  d r i v e n  
by a s i n g l e  t u r b i n e  f e d  by main t h r o t t l e  steam. 
The feedwater t r a i n  inc ludes from s i x  t o  e i g h t  
feedwater heaters, t h e  generator coo l ing ,  and two 
economizers. The MHD generator c o o l i n g  water  out-
7et temperature i s  he ld  a t  t h e  260- F l i m i t  used 
by Avco. 
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Resu l t s  

I n  F ig .  2 are  p l o t s  o f  t h e  power p l a n t  
thermodynamic e f f i c i e n c y  versus oxygen enrichment 
l e v e l  f o r  each o f  t h e  t h r e e  power p l a n t  s izes  con-
sidered. Each p l o t  g i v e s  r e s u l t s  f o r  generator 
l eng ths  o f  10, 15, and 20 meters and f o r  MHD gen- 
e r a t o r  c o o l i n g  w i t h  low temperature b o i l e r  feed- 
water and w i t h  h i g h  temperature b o i l e r  feedwater. 
The p l o t s  a r e  f o r  an oxygen product ion  power re-
quirement o f  200 kW-hrlton o f  equ iva lent  pure oxy- 
gen. The 200 MW p l a n t  r e s u l t s  are f o r  a  Mach num- 
ber o f  0.9, which a t  t h i s  p l a n t  s i z e  g ives  s l i g h t -  
l y  b e t t e r  performance than t h e  Mach number o f  0.8 
used f o r  t h e  o the r  s izes .  The r e s u l t s  show t h a t  
f o r  h i gh  temperature genera tor  coo l i ng  t he  p l a n t  
performance increases w i t h  generator l eng th  f o r  
a l l  t h e  p l a n t  s i z e s  considered. The optimum l e v e l  
o f  oxygen enr ichment i s  about 35 volume percent 
oxygen i n  a l l  cases. Th is  i s  i n  agreement w i t h  
p rev ious  resu l ts ,6 ,9  a l though the re  are some 
d i f f e r e n c e s  i n  t h e  assumed generator and p l a n t  
ope ra t i ng  c o n d i t i o n s  and c o n s t r a i n t s  among t h e  
present  and p rev ious  s tud ies .  

The r e s u l t s  f o r  genera tors  cooled w i t h  low 
temperature b o i l e r  feedwater are  s i g n i f i c a n t l y  
d i f f e r e n t .  I n  t h i s  case smal le r  p l a n t  s izes  f a v o r  
p r o g r e s s i v e l y  s h o r t e r  generators.  The maximum 
p l a n t  e f f i c i e n c y  occurs a t  a  lower l e v e l  o f  oxygen 
enrichment, a t  about 31 o r  32 volume percent  oxy- 
gen. These e f f e c t s  a re  t h e  r e s u l t  o f  t he  genera- 
t o r  heat l o s s  i nc reas ing  i n  r e l a t i o n  t o  t he  power 
generated as t h e  mass f l o w  through t h e  generator 
i s  decreased, t h e  genera tor  l e n g t h  increased, o r  
t h e  l e v e l  o f  oxygen enr ichment increased. The 
f i r s t  o f  these f a c t o r s  accounts f o r  t h e  i nc reas ing  
sepa ra t i on  o f  t h e  curves f o r  t h e  two d i f f e r e n t  
genera tor  c o o l i n g  methods as t h e  p l a n t  s i ze  de- 
creases. I t  a l s o  accounts, t oge the r  w i t h  t h e  sec-
ond f a c t o r ,  f o r  t h e  dominance o f  t h e  sho r te r  gen- 
e r a t o r s  a t  t h e  sma l l e r  p l a n t  s i zes .  The t h i r d  
f a c t o r  r e s u l t s  i n  t he  peak e f f i c i e n c y  f o r  t h e  low 
temperature c o o l i n g  method occu r r i ng  a t  a lower 
l e v e l  o f  enr ichment.  

The nex t  f i g u r e ,  F ig .  3, p l o t s  t h e  magnetic 
energy s to red  i n  t h e  MHD genera tor  volume versus 
t h e  p l a n t  thermodynamic e f f i c i e n c y  a t  optimum en- 
r ichment  f o r  va r i ous  genera tor  lengths  and oxygen 
p roduc t i on  power requirements f o r  each o f  t he  
t h r e e  p l a n t  s izes .  Only t h e  low temperature gen- 
e r a t o r  c o o l i n g  cases are  shown. The 200 kW-hrlton 
p o i n t s  correspond t o  da ta  inc luded i n  t h e  prev ious 
f i g u r e ,  namely t h e  maximum thermodynamic e f f i -
c i ency  as a  f u n c t i o n  o f  genera tor  length.  The 
f i g u r e  shows t h a t  f rom a  performance p o i n t  o f  view 
t h e  optimum genera tor  l eng th  increases w i th  i n -
c reas ing  p l a n t  s i z e  a t  a  g i ven  l e v e l  o f  oxygen 
p roduc t i on  power. (The f i g u r e  o f  47 kW-hrlton 
corresponds t o  t h e  thermodynamic minimum a i r  sepa- 
r a t i o n  work). T h i s  f i g u r e  i n d i c a t e s  poss ib le  
t r a d e o f f s  between t h e  genera tor  l eng th  as it 
a f f e c t s  magnet c o s t  and as i t  a f f e c t s  p l a n t  per- 
formance. I t  i s  c l e a r  t h a t  f rom t h i s  s tandpo in t  
t h e r e  i s  no i n c e n t i v e  f o r  go ing t o  generators 
l onge r  t han  10 meters f o r  a 200 MW power p lan t ,  a t  
l e a s t  f o r  t h e  genera tor  and p l a n t  opera t ing  condi- 
t i o n s  and c o n s t r a i n t s  assumed i n  t h i s  study. A t  
t h e  l a r g e r  p l a n t  s i zes  i t  i s  c l e a r  t h a t  i n  many 
cases t h e  p l a n t  e f f i c i e n c y  a t  t h e  optimum genera- 
t o r  l e n g t h  i s  n o t  s i g n i f i c a n t l y  g rea te r  than a t  
s h o r t e r  lengths .  I n  these cases i t  i s  l i k e l y  t h a t  
t h e  e f f i c i e n c y  g a i n  p o s s i b l e  w i t h  a longer  genera- 
t o r  i s  n o t  wor th  t h e  increased magnet cos t  r e s u l t -

i n g  from a  s i g n i f i c a n t l y  g r e a t e r  s to red  energy 
requirement.  

F igure  3 a lso  shows t h e  p e n a l t y  imposed on 
t h e  p l a n t  e f f i c i e n c y  by t h e  power r e q u i r e d  t o  pro- 
duce t h e  oxygen. Many c u r r e n t  a i r  separa t ion  
p l a n t s  r e q u i r e  about 300 kW-hrlton o f  equ iva lent  
pure  oxygen. A i r  separa t ion  p l a n t s  w i t h  a  power 
requirement approaching 200 kW-hr l ton are  i n  
ope ra t i on  i n  ~ u r o ~ e . 1 2  Th is  power requirement 
may be taken as rep resen t i ng  a i r  sepa ra t i on  p lants  
t h a t  cou ld  be a v a i l a b l e  f o r  an e a r l y  commercial 
MHDIsteam p lan t .  The f i g u r e  a l s o  shows t h a t  con-
s ide rab le  ga ins  i n  p l a n t  performance are  poss ib le  
i f  t h e  ASU power requirement can be lowered below 
200 kW-hrl ton. 

F igu re  4 shows the  maximum p l a n t  thermo- 
dynamic e f f i c i e n c y  ( t h e  e f f i c i e n c y  a t  optimum en- 
r ichment )  as a  f u n c t i o n  o f  ne t  p l a n t  power output 
f o r  t he  cond i t i ons  considered i n  t h i s  study. 
Curves are  shown f o r  bo th  t he  low temperature and 
h igh  temperature feedwater cooled genera tor  cases 
f o r  d i f f e r e n t  generator lengths.  The p l a n t  per- 
formance i s  c l e a r l y  less  s e n s i t i v e  t o  generator 
l eng th  f o r  t h e  low temperature feedwater coo l ing  
cases. The smal l  change i n  performance w i t h  
changes i n  generator l eng th  again i n d i c a t e s  the  
importance o f  choosing t h e  " c o r r e c t "  generator 
l eng th  t o  avoid a  h ighe r  than necessary magnet 
c a p i t a l  cost .  

Conclusions 

The r e s u l t s  o f  t h i s  study have shown t h a t  the 
MHD generator l eng th  and l e v e l  o f  oxygen enr ich- 
ment which g i v e  t h e  maximum p l a n t  e f f i c i e n c y  de- 
pend s t r o n g l y  on how t h e  MHD genera tor  i s  cooled. 
I f  t h e  generator i s  cooled w i t h  h igh  temperature 
b o i l e r  feedwater, t h e  p l a n t  therniodynamic e f f i -
c iency  increases w i t h  genera tor  l eng th  over  the  10 
t o  20 meter l eng th  range considered. I f  the  gen- 
e r a t o r  i s  cooled w i t h  low temperature b o i l e r  feed- 
water, t h e  p l a n t  thermodynamic e f f i c i e n c y  reaches 
a  maximum value a t  some genera tor  l e n g t h  w i t h i n  
approx imate ly  t h i s  range. The optimum generator 
l e n g t h  increases w i t h  p l a n t  s i ze .  The l e v e l  o f  
oxygen enr ichment a t  which t h e  maximum p l a n t  e f f i -  
c iency  occurs does not  depend s t r o n g l y  on p lan t  
s i ze ,  bu t  i s  3 t o  4 volume pe rcen t  o f  oxygen lower 
f o r  t he  cases i n  which t h e  MHD genera tor  i s  cooled 
w i t h  low temperature b o i l e r  feedwater.  

The r e s u l t s  a l so  show t h e  r e l a t i o n s h i p  be- 
tween t h e  requ i red  magnet s to red  energy, t he  gen- 
e r a t o r  length,  and t h e  power requ i red  t o  produce 
oxygen. The c o s t  o f  t h e  magnet depends s t rong l y  
on i t s  s to red  energy. The r e s u l t s  show t h a t  i n  
many cases cons ide ra t i on  can be g iven t o  reducing 
t h e  MHD generator l eng th  t o  l e s s  than i t s  optimum 
w i t h  o n l y  a small pena l t y  i n  p l a n t  e f f i c i e n c y  but 
w i t h  a  p o t e n t i a l l y  l a r g e  r e d u c t i o n  i n  magnet capi- 
t a l  cost .  The r e s u l t s  a l so  show t h a t  t h e  p lan t  
e f f i c i e n c y  depends s t r o n g l y  on t h e  power required 
t o  produce oxygen and t h a t  t h e r e  i s  a  s t rong  in -  
c e n t i v e  t o  lower t h i s  requ i rement  as much as 
poss ib le .  
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Coal type . . . . . . . . . . . . . Montana Rosebud 
Moisture content o f  coal  de l i ve red  

t o  combustor, percent . . . . . . . . . . . . . 5 
Ox id izer  preheat temperature, F . . . . . . . 1100 
Combustor pressure, atm . . . Selected t o  maximize 

p l a n t  e f f i c i e n c y  
Combustor ox id i ze r - f ue l  r a t i o  

r e l a t i v e  t o  s to i ch iome t r i c  . . . . . . . . 0.90 
Combustor s lag r e j e c t i o n ,  percent . . . . . . . 80 
Generator type . . . . . . . . . . . . . . Faraday 
Potassium-coal mass r a t i o  . . . . . . . . . 0.0859 
MHD generator i n l e t  Mach number . . . 0.9 (200 MWe) 

0.8 (500, 1000 W e )  
D i f f use r  pressure recovery . . . . . 0.4 (200 MWe) 

c o e f f i c i e n t  0.6 (500, 1000 MWe) 
D i f f use r  e x i t  pressure, atm . . . . . . . . . . 1.0 
MHD generator length, meters . . . . . 10, 15, 20 
Cycle compressor p o l y t r o p i c  e f f i c i e n c y  . . . 0.90 
Su l f u r  removal by seed, percent . . . . . . . . 70 
F ina l  ox id i ze r - f ue l  r a t i o  r e l a t i v e  

t o  s to i ch iome t r i c  . . . . . . . . . . . . . 1.05 
Stack temperature, F . . . . . . . . . . . . . 250 
Steam-turbine cyc le  . . . . Dependent on feedwater 

e f f i c i ency ,  percent heater  arrangement 
A i r  separat ion p l a n t  com-

pressor power requirement, 
kW-hr/ton o f  equ iva lent  
pure oxygen added . . . . 300, 250, 200, 150, 47 

Pressure drop from corrlpressor 
e x i t  t o  combustor e x i t ,  percent 
o f  compressor e x i t  pressure . . . . . . . . . 0.1 

TABLE 11. - GENERATOR CONSTRAINTS 

Maximum a x i a l  e l e c t r i c  f i e l d ,  kVlm . . . . . . 2.5 
Maximum transverse e l e c t r i c  f i e l d ,  kV/m . . . 4.0 
Maximum transverse cu r ren t  dens i ty ,  ~ / c m ~. . 1.0 
Maxi~num H a l l  parameter . . . . . . . . . . . . 4.0 
Maximum magnetic f i e l d ,  T . . . . . . . . . . 6.0 

MHD GENERATOR HEAT LOSS1 BOTTOFrliNG CYCLE HEAT ADDITION, 
percent 

Figure 1. - Boltorring steam cycle efficiency as a function of the 
percentage of bottoming cycle heat addition contributed by MHD 
generator heat loss. MHD generator cooling water outlet tem- 
perature fixed at 260° F. Total heat addition is 906 MW, com-
pressor work is 102 MW, Approximate power plant ou tp l~ t  for 
these conditions is 500 MWe. 
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PLANT THERh'lODYhAMIC EFFICIENCY 


AT OPTlMUhl  EIURICHMENT, p e r c e n t  


la1 200 rili'ie power p l a n t  

F i g u r e  3. - M a g n e t i c  e n e r g y  s t o r e d  i n  M H D  
g e n e r a t o r  v o i u m e  as  a f ~ ~ n c t i o n  of t h e  
p l a n t  t h e r m o d y n a m i c  e f f i c i e n c y  for d i f i e r -  
e n t  M H D  g e n e r a t o r  l e n g t h s  a n d  oxygen 
p r o d u c t i o n  power r e q u i r e m e n t s .  The MHD 
g e n e r a t o r  i s  cooled with low t e m p e r a t u r e  
b o i l e r  feedwater.  

L 1 - - - L 1 J 
42 25 30 35 4 0  45 

MOLE PtKCENT O2 I N  OXIDIZER 

{ b l  500 h l w e  power p l a n t .  

PLANT THERh\ODYUAhllC EFFICIENCY 
A T  OPTIr.IUh\ ENRICHhlEMT, p e r c e n t  

i c )  1OCC M W e  power p lan t .  ( b ~500 MlVe power p lan t .  

F i g u r e  2 - Conc luded.  F i g u r e  3. - C o n t ~ n u e d .  
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F igu re4 .  - Power p lant  thermodynamic  e i f i -  
c l ency  as a f u n c t i o n  of power p l an t  e lec-  
t r i ca l  ou tpu t  f o r  d i f fe rent  MHD generator

AT OPi lMUM ENRICHMENT, percent lengths. Sol id l ines are  for  an MHD g e n -

I c l  1000 MWe power plant. era tor  cooled w i t h  low temperature bo i ler  
feedwater: dashed l ines,  h i g h  temperat i l re  

Figure 3. - Concluded. bo i le r  feedwater. Oxygen product ion power 
i s  a0 k W - h r l t o n  of equ iva lent  p u r e  oxygen. 
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