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ABSTRACT

The  p r oposed  des i gn  of  t he  MHD  powe r  gene r a t o r  
f or  t he  B i l l i ngs  MHD  Demons t r a t i on  Pr o j ec t  i s  
pr esen t ed .  The  B i l l i ngs  MHO  Demons t r a t i on  Pro j ec t ,  
p roposed  by  t he  MHD  Deve l opmen t  Co r po r a t i on  (MDC)  f or  
t he  O.S.  Depa r t men t  of  Ene r gy ' s  C l ean  Coa l  
Techno l ogy  V Progr am ,  w i l l  demons t r a t e  t he  s i gn i f i can t  
env i r onmen t a l  advan t ages  and  e f f i c i ency  po t en t i a l  of  
MHD e l ec t r i c  powe r  gene r a t i on .

A d i agona l l y - l oaded ,  supe r son i c  MHD gene r a t o r  
channe l  i s  p roposed .  The  gene r a t o r  channe l  has  a 
t he rma l  i npu t  o f  250  MW ,  i s  11 me t e r s  l ong  and  
produces  28 . 5  MW  g ross  powe r  ou t pu t  a t  t he  nom i na l  
des i gn  ope r a t i ng  cond i t i on .  The  gasdynam i c ,  gas - s i de ,  
and  mechan i ca l  des i gns  of  t he  p roposed  gene r a t o r  a r e  
de r i ved  f rom  t he  des i gn  of  t he  50  MŴ - 
p r oo f - o f - concep t  MHD gene r a t or ,  cu r r en t l y  unde rgo i ng  
long dur a t i on  t es t i ng  a t  t he  CDI F  t es t  f ac i l i t y .  The  

des i gn  and  ope r a t i on  of  t he  p roposed  gene r a t o r  w i l l  be  
t yp i ca l  of  t hose  an t i c i pa t ed  in f u t u r e  comme r c i a l  MHD 
gene r a t o r  channe l s .

I NTRODUCT ION

The  p r oposed  des i gn  of  t he  MHD  powe r  gene r a t o r  
f or  t he  B i l l i ngs  MHD Demons t r a t i on  Pr o j ec t  is 
p r esen t ed  he r e i n .

The  B i l l i ngs  MHD Demons t r a t i on  Pro j ec t ,  p roposed  
by  t he  MHD  Deve l opmen t  Co r po r a t i on  (MDC)  f o r  t he  U.S.  
Depa r t men t  of  Ene rgy ' s  C l ean  Coa l  Techno l ogy  V 
Program ,  w i l l  demons t r a t e  t he  s i gn i f i can t  
env i ronmen t a l  advan t ages  and  e f f i c i ency  po t en t i a l  of  
MHD e l ec t r i c  powe r  gene r a t i on .  The  B i l l i ngs  MHD 
pro j ec t  w i l l  cons i s t  of  t he  des i gn ,  cons t ruc t i on ,  
t es t i ng ,  and  ope r a t i on  of  a  comp l e t e l y  i n t egr a t ed ,  
s t and- a l one ,  250  MW t  MHD / s t eam  comb i ned  cyc l e  powe r  
p l an t  l oca t ed  in B i l l i ngs ,  Mon t ana ,  a t  a s i t e  owned  by  
the  Mon t ana  Powe r  Company .  The  MHD  powe r  p l an t  w i l l  
be  bu i l t  and  ope r a t ed  by  t he  MDC,  ac t i ng  as  an 
i ndependen t  powe r  p roduce r .  Tex t r on  De f ense  Sys t ems  
(TDS)  i s  a t e am  membe r  on  the  Demons t r a t i on  Pro j ec t  
and  w i l l  be  r espons i b l e  f o r  t he  des i gn  and  f ab r i ca t i on  
of  t he  MHD  gene r a t o r  sys t em ,  wh i ch  i nc l udes  t he  
nozz l e ,  channe l ,  d i f f use r ,  and  cu r r en t  con t ro l  dev i ces .

The  de t a i l ed  t echn i ca l  desc r i p t i on  of  t he  
pro j ec t ,  t he  t eam i ng  a r r angemen t ,  a  p l an  f or  
comme r c i a l i z a t i on  of  t he  MHD  t echno l ogy ,  and  the  
f i nanc i a l  and  bus i ness  p l an  f o r  t he  p r o j ec t  w i l l  be  
pr esen t ed  by  o t he r  t eam  membe r s  a t  t h i s  Sympos i um .
The  p r esen t  pape r  summa r i zes  t he  p r oposed  des i gns  for  
the  MHD powe r  gene r a t o r  componen t s .

The  p r oposed  MHD gene r a t o r  des i gn  i s  based  on  an 
ex t ens i ve  da t a  base ,  ob t a i ned  t h r ough  t es t i ng  unde r  
ope r a t i ng  cond i t i ons  t ha t  nea r l y  dup l i ca t e  t hose  
p ro j ec t ed  f or  t he  Demons t r a t i on  powe r  p l an t .  The  
geome t r i c  and  mechan i ca l  des i gns  of  t he  gene r a t o r  
channe l  a r e  based  on  t he  50  MW^  p r oo f - o f - concep t  
(P0C)  gene r a t o r  cu r r en t l y  be i ng  t es t ed  a t  t he  DOE  
Componen t  Deve l opmen t  and  I n t egr a t i on  Fac i l i t y  (CDI F) .

These  we l l - p roven ,  l ow- r i sk  des i gns  a r e  t he  
cu l m i na t i on  of  many  expe r i men t a l  deve l opmen t  p rogr ams  
and  sys t em  s t ud i es .  See  F i gur e  T.

The  bas i c  c r i t e r i a  f o r  t he  des i gn  of  t he  
Demons t r a t i on  p l an t  gene r a t o r  channe l  a r e  t ha t  i t  
mee t s  pe r f o r mance  r equ i r emen t s  of  10  pe r cen t  en t ha l py  
ex t r ac t i on ,  40  pe r cen t  i sen t rop i c  e f f i c i ency ,  and  
r e l i ab i l i t y  r equ i r emen t s  of  2,000  hour s  ope r a t i on  
be t ween  schedu l ed  ma i n t enance .  Mee t i ng  t hese  
r equ i r emen t s  i s  qu i t e  f eas i b l e ,  based  on  t he  cu r r en t  
s t a t e  of  MHD t echno l ogy .  The  pe r f o r mance  r equ i r emen t s  
can  be  sa t i s f i ed  as  has  been  demons t r a t ed  by  t he  
r esu l t s  f r om  t he  H i gh  Pe r f o r mance  Demons t r a t i on  
Expe r i men t  (HPDE)  gene r a t o r  channe l , 1 wh i ch  ope r a t ed  
w i t h  a t he rma l  i npu t  (300  MW)  and  e l ec t r i ca l  ou t pu t  
(35  MW)  compa r ab l e  t o  t he  Demons t r a t i on  p l an t  
gene r a t o r  channe l .  W i t h  r espec t  to  r e l i ab i l i t y ,
500  hour s  of  comp l e t e  channe l  ope r a t i on  and  
1 , 300  hour s  of  e l ec t r ode  ope r a t i on  have  been  
demons t r a t ed  w i t h  s i mu l a t ed  coa l  f i r i ng  a t  20  MW-j- 
s c a l e . 2 >3 Ac t ua l  coa l - f i r ed  t es t i ng  a t  50  MW^  
sca l e ,  w i t h  a gene r a t o r  channe l  des i gned  f or  
2,000  hour s  of  ope r a t i on ,  i s  cu r r en t l y  in p rogr ess .
The  r esu l t s  of  t hese  t es t s  i mp l y  t ha t ,  a l ong  w i t h  t he  
i mp l emen t a t i on  of  a schedu l ed  ma i n t enance  concep t  
du r i ng  powe r  p l an t  ope r a t i on ,  t he  componen t  mean  t i me  
be t ween  f a i l u r es  (MTBF)  p ro j ec t i ons  can  be  ex t ended  in 
excess  of  t he  r equ i r ed  8,000  hou r s . 4 ' 3

Seve r a l  MHD channe l s  equa l  in s i ze  to  t he  
p roposed  Demons t r a t i on  channe l  have  been  bu i l t  to  da t e  
( e . g . ,  HPDE  and  Russ i an  U-25  channe l s ) ,  and  t he r e f o r e  
no  d i f f i cu l t i es  a r e  expec t ed  in t he  ac tua l  
cons t r uc t i on  of  t he  Demons t r a t i on  MHD channe l .

PROPOSED  DESIGN  DESCRI PT IONS

The  des i gns  of  t he  MHD  gene r a t o r  componen t s  f or  
t he  B i l l i ngs  MHD Demons t r a t i on  Pro j ec t  a r e  based  on  
expe r i men t a l l y  p roven  des i gns .  Tes t i ng  to  da t e  on  
subsca l e  p r o t o t yp i c  componen t s  has  ve r i f i ed  t he  
necessa r y  pe r f o r mance  and  l i f e t i me  cha r ac t e r i s t i cs  of  
t hese  componen t s .  These  expe r i men t a l  r esu l t s  p rov i de  
con f i dence  in t he  r ead i ness  of  t he  MHD t echno l ogy  f or  
t he  Demons t r a t i on  p l an t .

The  ma j o r  des i gn  r equ i r emen t s  of  t he  i n l e t  
noz z l e ,  gene r a t o r  channe l ,  and  d i f f use r  a r e  l i s t ed  in 
Tab l es  1 t h r ough  3,  r espec t i ve l y .

MHD Gene r a t o r  Pe r f o r mance  and  Geome t r i c  Des i gn

Pr e l i m i na r y  MHD  gene r a t o r  pe r f or mance  and  des i gn  
ana l yses  have  been  ca r r i ed  ou t  f or  t he  p roposed  
B i l l i ngs  MHD  Demons t r a t i on  p l an t  and  a re  p r esen t ed  
be l ow .  Resu l t s  f rom  t hese  ca l cu l a t i ons  we r e  u t i l i z ed  
in  es t i ma t es  of  ove r a l l  p l an t  e f f i c i ency  and  cos t s .

A d i agona l l y - l oaded  MHD gene r a t o r  channe l  i s  
p roposed .  The  gene r a t o r  channe l  i s  11 me t e r s  l ong  and  
p r oduces  2B . 5  MW  g ross  powe r  ou t pu t  a t  t he  nom i na l  
des i gn  ope r a t i ng  cond i t i on .  The  ove r a l l  d i mens i ons  of  
t he  gene r a t o r  channe l  a r e  shown  in F i gur e  2.  The
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channe l  ope r a t es  i n  t he  supe r son i c  mode  w i t h  an  i n l e t  
Mach  numbe r  of  1 . 2 ;  t he  peak  magne t i c  f i e l d  i s
4 . 5  t es l a .  The  se l ec t i on  of  supe r son i c  channe l  
ope r a t i on ,  a l ong  w i t h  t he  use  of  mode r a t e  magne t i c  
f i e l d  s t r eng t hs  was  based  on  r esu l t s  f r om  p r ev i ous  MHD 
powe r  p l an t  sys t ems  s t ud i es , 4 >5 wh i ch  showed  t ha t  
t h i s  comb i na t i on  o f f e r s  t he  l owes t  r i sk  app r oach  f o r  
ea r l y  comme r c i a l  MHD p l an t s .  Tab l e  4 summa r i z es  t he  
Demons t r a t i on  MHD gene r a t o r  pe r f o r mance  and  t he  
assoc i a t ed  gasdynam i c  and  e l ec t r i ca l  cha r ac t e r i s t i cs .

The  Demons t r a t i on  MHD  gene r a t o r  channe l  des i gn  
was  se l ec t ed  by  max i m i z i ng  t opp i ng  cyc l e  pe r f o r mance ,  
wh i l e  l i m i t i ng  i n t e rna l  e l ec t r i ca l  s t r esses  to  
r easonab l e  va l ues .  To  he l p  w i t h  t h i s  se l ec t i on ,  
pa r ame t r i c  gene r a t o r  des i gn  and  pe r f o r mance  
ca l cu l a t i ons  we r e  ca r r i ed  ou t .  A r ange  of  magne t i c  
f i e l d  i n t ens i t i es  and  oxygen  en r i chmen t  l eve l s  we r e  
eva l ua t ed  in  o rde r  t o  s t udy  t he i r  e f f ec t s  on  gene r a t o r  
powe r  ou t pu t  and  i n t e rna l  e l ec t r i ca l  s t r esses .  The  
r esu l t s  of  t hese  ca l cu l a t i ons ,  p l o t t ed  as  a  f unc t i on  
of  max i mum  cu r r en t  dens i t y  ( Jy ) and  ax i a l  e l ec t r i c  
f i e l d  (Ex ) ,  a r e  shown  in  F i gur e  3.  A l so  shown  in 
F i gur e  3 a r e  t he  e l ec t r i ca l  s t r ess  cons t r a i n t s  f o r  
s t a t e - o f - t he - a r t  gene r a t o r  channe l s .  Du r a t i on  t es t i ng  
a t  Tex t ron  has  shown  t ha t  exceed i ng  t hese  cons t r a i n t s  
r esu l t s  i n  i nc r eased  channe l  wea r .  Va r i a t i ons  in  ne t  
t opp i ng  cyc l e  powe r  ou t pu t  f or  t he  same  pa r ame t r i c  
ca l cu l a t i ons  above  a r e  p l o t t ed  in F i gur e  4,  whe r e  ne t  
powe r  ou t pu t  is  de f i ned  as  t he  g ross  MHD  gene r a t o r  
powe r  m i nus  t he  wor k  r equ i r ed  f o r  t he  cyc l e  comp r esso r  
and  f or  t he  a i r  sepa r a t i on  un i t .  At  t he  nom i na l  
ope r a t i ng  cond i t i on  of  t he  p roposed  Demons t r a t i on  
gene r a t o r ,  t he  e l ec t r i ca l  s t r ess  cons t r a i n t s  a r e  
sa t i s f i ed  and  t he  ne t  powe r  i s  max i m i zed .

I t  i s  i mpor t an t  f or  t he  p r oposed  MHD  gene r a t o r  
t o  ve r i f y  t ha t  t he  channe l  des i gn  demons t r a t es  
r e l i ab l e  pe r f o r mance  and  dur a t i on  a t  t he  p ro j ec t ed  
base l oad  e l ec t r i ca l  and  gasdynam i c  ope r a t i ng  
cond i t i ons .  I t  i s  a l so  i mpor t an t  t ha t  t he  
Demons t r a t i on  gene r a t o r  be  des i gned  such  t ha t  i t  
ope r a t es  w i t h i n  t he  r ange  of  expe r i ence  ga i ned  to  
da t e .  MHD gene r a t o r  ope r a t i ng  pa r ame t e r s  and  s t r ess  
l eve l s  a r e  compa r ed  in  Tab l e  5 f o r  t he  p r oposed  

gene r a t o r ,  t he  base l oad  MHD  gene r a t o r s ,  and  the  
va r i ous  subsca l e  gene r a t o r s .

Gene r a t o r  Gas -S i de  E l emen t  Des i gns

The  gas - s i de  ( i n t e rna l )  des i gns  of  t he  
Demons t r a t i on  gene r a t o r  channe l  a r e  t aken  d i r ec t l y  
f rom  t he  POC gene r a t o r  des i gn .  The  gas - s i de  des i gn  of  
an  MHD gene r a t o r  channe l ,  i . e . ,  t he  se l ec t i on  of  
ma t e r i a l s ,  e l ec t r ode  p i t ch ,  coo l i ng ,  e t c . ,  a r e  
d i c t a t ed  by  t he  gene r a t o r ' s  ope r a t i ng  pa r ame t e r s ,  no t  
i t s  s i ze .  A sma l l  coa l - f i r ed  gene r a t o r  channe l  
des i gned  t o  ope r a t e  a t  t he  same  t he rma l  and  e l ec t r i ca l  
s t r ess  cond i t i ons  as  t hose  in a  l a rge  base l oad  MHD 
gene r a t o r  mus t  have  t he  same  gas - s i de  des i gn  f o r  equa l  
channe l  l i f e .  Us i ng  t h i s  r a t i ona l e ,  t he  POC gene r a t o r  
deve l opmen t  has  been  conduc t ed  by  t es t i ng  a t  
coa l - f i r ed  ope r a t i ng  cond i t i ons  and  channe l  wa l l  
s t r ess  cond i t i ons  s i m i l a r  t o  t hose  in  t he  
Demons t r a t i on  MHD p l an t  and  a l so  a t  t hose  cond i t i ons  
p r o j ec t ed  f o r  comme r c i a l  MHD  p l an t s .

The  sur f ace  p r o t ec t i ons  f o r  t he  ca t hode ,  anode ,  
and  s i dewa l l  e l emen t s  a r e  d i f f e r en t  f r om  e a c ho t h e r  
because  d i f f e r en t  co r ros i on  mechan i sms  occu r  on  t he  
va r i ous  wa l l s .  These  gas - s i de  des i gns  and  ma t e r i a l  
se l ec t i ons  we r e  based  on  t he  r esu l t s  of  du r a t i on  and

eng i nee r i ng  suppo r t  t es t s  in Te x t r on ' s  MHO  t es t  
f ac i l i t i es  and  coa l - f i r ed  con f i r ma t i on  t es t s  a t  the  
CD I F . 6 »7

The  Demons t r a t i on  gene r a t o r  ca t hode  wa l l  
e l emen t s  w i l l  be  cons t r uc t ed  of  coppe r  ba r s  capped  
w i t h  t ungs t en  t i l es ,  s i m i l a r  i n  des i gn  t o  t he  POC 
ca t hode  e l emen t s  shown  in F i gu r e  5.  Tungs t en  res i s t s  
bo t h  a r c  e ros i on ,  caused  by  s l ag - i nduc ed  shor t i ng  of  
ca t hode  wa l l  e l ec t rodes ,  and  e l ec t r ochem i ca l  
co r r os i on ,  due  to  i on i c  cu r r en t  l eakage  i n  t he  ca thode  
s l ag  l aye r . k  Gr ooves  a r e  mach i ned  i n t o  t he  sur f ace  
of  t he  t ungs t en  p i eces  t o  f ac i l i t a t e  s l ag  a t t achmen t .

The  anode  wa l l  e l emen t s  w i l l  be  cons t ruc t ed  of  
coppe r  bases  w i t h  b r a z ed  on  p l a t i num - on - t ungs t en  caps  
t o  p rov i de  ox i da t i on  and  su l f i da t i on  r es i s t ance .  They 

w i l l  be  s i m i l a r  i n  des i gn  t o  t he  POC anodes ,  one  of  
wh i ch  is shown  in F i gu r e  6 . The  p r i ma r y  gas - s i de  
p r o t ec t i on  i s  p r ov i ded  by  t he  p l a t i num  t op  and  l ead ing 
edge  caps .  The  ups t r e am  gas - s i de  co r ne r  of  t he  
e l ec t rode ,  whe r e  t r ansve r se  cu r r en t s  t end  t o  
concen t r a t e  due  t o  t he  Ha l l  e f f ec t ,  w i l l  be  re i n forced  
w i t h  squa r e  s t r i ps  o f  p l a t i num .  The  t ungs t en  serves  
as  backup  p r o t ec t i on  f or  t he  p l a t i num  p r i ma r y  cap.
The  anode  wa l l  s l ag  coa t i ng  i s  ob t a i ned  by  r ecess i ng  
t he  i n t e r anode  i nsu l a t o r s  a t  t he  gas  su r f ace  to  
p rov i de  a f oo t ho l d  f o r  s l ag  a t t achmen t .  S i m i l a r  
anodes  have  p r e v i ous l y  been  t es t ed  f o r  ove r  
1 , 300  hou r s .3*8

The  ma j o r i t y  of  t he  s i dewa l l  e l emen t s  w i l l  be  
made  of  wa t e r - coo l ed  t ungs t en - coppe r  a l l oy  (W-Cu)  
ba r s .  Th i s  s i deba r  des i gn  i s  r e l i ab l e  and  s i mp l e  to 
f ab r i ca t e  s i nce  i t  r equ i r es  no  cap  b r az i ng .  The  W-Cu  
s i deba r s  ad j acen t  to  t he  ca t hode  wa l l ,  howeve r ,  w i l l  
be  capped  w i t h  t ungs t en  t i l es  to  enhance  cor ros i on  
r es i s t ance .  The  ma t e r i a l  we a r  mechan i sms  in t h i s  
s i dewa l l  r eg i on  a r e  t he  same  as  t hose  desc r i bed  
p r ev i ous l y  f o r  ca t hodes ,  hence  t he  use  of  t ungs t en  
capp i ng  ma t e r i a l s  i n  bo t h  cases .  In  t he  channe l  in l e t  
r eg i on ,  whe r e  t he  wa l l  hea t  f l uxes  f r om  t he  p l asma  are 
t he  h i ghes t ,  t ungs t en - capped  coppe r - bas ed  s i deba r s  

w i l l  be  used .  Al l  o f  t he  s i deba r s  w i l l  be  su r f ace  
g rooved  f o r  s l ag  r e t en t i on .  The  Demons t r a t i on  
gene r a t o r  s i dewa l l s  w i l l  l ook  s i m i l a r  to  t he  POC 
s i dewa l l s ,  shown  in  F i gu r e  7,  excep t  t ha t  t he  
Demons t r a t i on  s i dewa l l s  w i l l  be  l a r ge r  and  have  a 
d i f f e r en t  s i deba r  i nc l i ne  ang l e .

Ho t  p r essed  boron  n i t r i de  (BN)  w i l l  be  used  for  
t he  i n t e r e l ec t r ode  and  i n t e r s i deba r  i nsu l a t i ng  

ma t e r i a l .  BN  i s  coo l ed  by  con t ac t  w i t h  t he  ad j acen t  
me t a l l i c  e l emen t s .  These  i nsu l a t o r s  span  t he  fu l l  
he i gh t  of  t he  wa l l  e l emen t s  ( f r om  t he  f i be r g l ass  back  
wa l l  t o  t he  gas  sur f ace ) ,  excep t  on  t he  anode  wa l l  
whe r e ,  as  men t i oned  p r ev i ous l y ,  t he  BN  i s  r ecessed  for  
s l ag  r e t en t i on .  A l um i num  n i t r i de  i nsu l a t i ng  t i l es  
w i l l  a l so  be  used  in  t he  e l ec t r ode  wa l l / s i dewa l l  
co r ne r  j o i n t  r eg i ons  f or  r e i n f o r cemen t  aga i ns t  
e l ec t r i ca l  b r e a kdowns . 9

Me chan i ca l  Des i qn  of  Noz z l e .  Gene r a t o r  Channe l  and  
D i f f use r  ~J1

The  Demons t r a t i on  MHD  powe r  t r a i n  w i l l  have  the  
same  bas i c  des i gn  as  t he  POC MHD  powe r  t r a i n .  A 
l ayou t  of  t he  Demons t r a t i on  p l an t  no z z l e / gene r a t o r  
channe l / d i f f use r  i s  shown  in  F i gu r e  8 .

The  Demons t r a t i on  MHD noz z l e  w i l l  be  a  sca l ed -up  
ve r s i on  of  t he  POC noz z l e ,  shown  in  F i gu r e  9 . Bas i c
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s i m i l a r i t i es  be t ween  t he  t wo  noz z l e  des i gns  a re :  
cons t an t - he i gh t  s i dewa l l s ,  t wo - d i mens i ona l  f l ow  
noz z l e ,  e l e c t r i c a l l y - segmen t ed  gas - s i de  des i gns ,  and  
s l agg i ng  f ea t u r es  t ha t  m i n i m i z e  wea r  and  hea t  l osses .

An  ex t e r i o r  v i ew  of  t he  Demons t r a t i on  MHD 
gene r a t o r  i s  shown  i n  F i gu r e  10 .  The  gene r a t o r  
channe l  w i l l  be  cons t r uc t ed  of  f ou r  sepa r ab l e  
f i be rg l ass  wa l l s ,  wh i ch  a r e  bo l t ed  and  sea l ed  a t  t he  
corne r s  t o  f o r m  a  r ec t angu l a r  c r os s - sec t i oned  duc t .
The  channe l  i s  11 m  l ong  and  i s  f ab r i ca t ed  f rom  t wo
5 .5  m  sec t i ons  j o i ned  a t  a m i d - channe l  f l ange .  The  
boxed  wa l l s  f unc t i on  as  t he  s t ruc t u r a l  she l l  and  as  
t he  p r essur e  vesse l  f o r  t he  channe l .  E l ec t r odes  and  
s i dewa l l  ba r  e l emen t s  a r e  moun t ed  d i r ec t l y  on t o  t he  
f i be rg l ass  back i ng  wa l l s .  A l so  shown  i n  F i gur e  10  a r e  
t he  channe l  i n l e t  and  ex i t  f l anges ,  t he  s t ruc t ur a l  
suppor t  t russes ,  and  t he  m i d - channe l  f l anges .  Wa t e r  
coo l an t  man i f o l ds  a r e  a l so  shown  on  t he  back  sec t i on  
of  t he  channe l .

A cons t an t - he i gh t ,  segmen t ed - ba r  s i dewa l l  
des i gn ,  shown  ea r l i e r  i n  F i gu r e  7,  was  chosen  f o r  t he  
Demons t r a t i on  gene r a t o r  channe l .  Th i s  des i gn  has  
exce l l en t  hyd r au l i c  and  s t r uc t u r a l  r e l i ab i l i t y ,  and  i s  
eas i l y  sca l ed  t o  l a r ge r  channe l s .  S i dewa l l s  of  t h i s  
des i gn  a r e  a l so  easy  t o  f ab r i ca t e  and  assemb l e .  The  
s i dewa l l  e l emen t  rows  a r e  a r r anged  in a  "Z "  pa t t e r n  to  
a l i gn  t hem  w i t h  t he  i n t e rna l  p l asma  equ i po t en t i a l  
d i s t r i bu t i on ,  t hus  m i n i m i z i ng  e l ec t r i ca l  s t r esses  
be t ween  ad j acen t  e l emen t s  and  p r o l ong i ng  t he i r
l i f e t i me s . ™

The  t o t a l  we i gh t  of  t he  p r oposed  channe l  i s  
es t i ma t ed  t o  be  abou t  20 , 000  kg .  To  accommoda t e  t h i s  
we i gh t  and  t he  f o r ces  on  t he  channe l  wa l l s ,  an  
ex t e rna l  s t r uc t u r a l  suppo r t  sys t em  w i 11 be  r equ i r ed .  
The  suppor t  s t r uc t u r e ,  shown  in  F i gu r e  10 ,  w i l l  be  
p l aced  a t  i n t e r va l s  a l ong  t he  channe l  t o  r es i s t  t he  
bend i ng  l oads  and  t o  p r ov i de  an  app r op r i a t e  ma r g i n  of  
sa f e t y  t o  t he  f l exur a l  s t r eng t h  of  t he  f i be rg l ass  
wa l l s .  These  suppo r t  s t r uc t u r es  w i l l  a l so  p r ov i de  
a t t achmen t  po i n t s  f o r  t he  gene r a t o r  w i r i ng  condu i t s  
and  coo l an t  man i f o l ds .  Ro l l e r s  w i l l  be  p l aced  on  
t hese  t russes  t o  a l l ow  ax i a l  movemen t  of  t he  channe l  
f or  i ns t a l l a t i on  and  ma i n t enance  and  a l so  to  ensu r e  
even  d i s t r i bu t i on  o f  i t s  we i gh t  a l ong  t he  ra i l  sys t em  
in t he  magne t  bor e .  F i gu r e  11 shows  a  t yp i ca l  
c ross - sec t i on  of  t he  gene r a t o r  channe l  i ns t a l l ed  in 
the  magne t  bor e .  The  f i na l  a r r angemen t  o f  w i r es  and  

man i f o l ds  w i l l  r equ i r e  de t a i l ed  gene r a t o r / magne t  
i n t egr a t i on  s t ud i es  t o  max i m i z e  t he  u t i l i z a t i on  of  t he  

wa rm  bore  vo l ume  and  t o  m i n i m i z e  t he  magne t  cos t .

The  Demons t r a t i on  p l an t  MHD  d i f f us e r  dece l e r a t es  
the  supe r son i c  f l ow  ex i t i ng  t he  gene r a t o r  channe l  
pr i or  t o  i t s  en t r ance  i n t o  t he  r ad i an t  bo i l e r .  A 
schema t i c  r ep r esen t a t i on  of  t he  d i f f use r  i s  shown  in 
F i gure  12.  The  f o r wa r d  po r t i on  of  t he  d i f f us e r  i s  a 
cons t an t  a r ea  duc t  t ha t  dece l e r a t es  t he  f l ow  f rom  
supe r son i c  t o  son i c  cond i t i ons .  The  d i ve r g i ng  por t i on  
of  t he  d i f f use r  f u r t he r  dece l e r a t es  t he  f l ow  t o  a 
ve l oc i t y  accep t ab l e  f o r  t he  r ad i an t  bo i l e r .

The  f i r s t  supe r son i c  d i f f use r  sec t i on ,  s i t ua t ed  
i mmed i a t e l y  downs t r e am  of  t he  powe r  channe l ,  w i l l  be  
cons t ruc t ed  l i ke  t he  gene r a t o r  channe l ,  w i t h  f our  
sepa r ab l e  f i be r g l ass  wa l l s  on t o  wh i ch  a r e  moun t ed  t he  
d i f f use r  wa l l  e l emen t s .  These  e l emen t s  w i l l  be  bo t h  
t r ansve r se l y  and  ax i a l l y  segmen t ed  t o  p r even t  t he  
gene r a t i on  of  c i r cu l a t i ng  cu r r en t s  by  t he  f r i nge  f i e l d  
of  t he  magne t .  Such  c i r cu l a t i ng  cu r r en t s  have  l ed  to  
l oca l i zed  co r r os i on  of  d i f f use r s  w i t h  an  unsegmen t ed  
cons t ruc t i on .

Bo t h  t he  second  supe r son i c  d i f f use r  sec t i on  and  
t he  subson i c  sec t i ons  w i l l  have  gas - s i de  wa l l  su r f aces  
coo l ed  by  bo i l e r  t ube  wa l l  des i gns .  The  ae r odynam i c  
aspec t s  of  t he i r  des i gn  w i l l  be  spec i f i ed  by  Tex t ron ,  
wh i l e  t he  mechan i ca l  and  hea t  t r ans f e r  aspec t s  of  t he  
des i gn  w i l l  be  comp l e t ed  by  t he  bo i l e r  des i gne r .

Cu r r en t  Con t ro l  Dev i ces

The  cu r r en t  con t ro l  c i r cu i t s  w i l l  be  i ns t a l l ed  
in  each  of  t he  ex t e rna l  d i agona l  connec t i ons  of  t he  
Demons t r a t i on  gene r a t o r  t o  p ro t ec t  t he  anodes  f rom  
s l ag - i nduced  ca t hode  wa l l  vo l t age  nonun i f o r m i t i es .
The  des i gn  of  t hese  cu r r en t  con t ro l  dev i ces  i s  based  
on  t hose  p r esen t l y  be i ng  used  a t  t he  CDI F  f or  t he  P0C 
p rog r am  ( F i gu r e  10 ) . ^  The  c i r cu i t s  a r e  pass i ve ,  
ad j us t  t hemse l ves  au t oma t i ca l l y  and  i ns t an t aneous l y  to  
any  e l ec t r ode  cu r r en t  de l i ve r ed  by  t he  gene r a t o r  
( t h rough  t he  magne t i c  f l ux  l i nkage ) ,  and  have  no  
s t a r t up  and  shu t -down  t r ans i en t s .  The  cur r en t  
con t ro l s  f o r  t he  Demons t r a t i on  gene r a t o r  w i l l  have  
s l i gh t l y  h i ghe r  cu r r en t  and  powe r  hand l i ng  capac i t i es  
t han  t hose  a l r eady  bu i l t  and  ex t ens i ve l y  t es t ed  a t  t he  
Tex t ron  and  CDI F  MHD  f ac i l i t i es .  Add i t i ona l l y ,  t he i r  
t opo l ogy  w i l l  be  s i mp l i f i ed  because  of  t he  
ava i l ab i l i t y  of  new l y  deve l oped  powe r  sem i conduc t o r  
sw i t ches .  These  changes  r ep r esen t  a r e f i nemen t  of  t he  
bas i c  c i r cu i t s  t ha t  have  ope r a t ed  r e l i ab l y  f o r  
hundr eds  of  hour s  w i t hou t  f a i l ur e .

Re l i ab i l i t y ,  Ava i l ab i l i t y ,  and  Ma i n t a i nab i l i t y  
Cons i de r a t i ons

An  i mpor t an t  pa r t  of  t he  p roposed  B i l l i ngs  
Demons t r a t i on  Pro j ec t  i s  t o  p rov i de  sound  ev i dence  
t ha t  comme r c i a l  MHD  powe r  p l an t s  w i l l  sa t i s f y  u t i l i t y  
r equ i r emen t s  of  sa f e  and  r e l i ab l e  ope r a t i on ,  a t t a i ned  
t h r ough  h i gh  ope r a t i ona l  ava i l ab i l i t y  and  ease  of  
ma i n t enance .  These  aspec t s  of  MHD  powe r  p l an t s  a r e  of  
key  i mpo r t ance  t o  t he  powe r  i ndus t r y  s i nce  t hey  have  a  
d i r ec t  i mpac t  on  t he  cos t  of  e l ec t r i c i t y  gene r a t ed .
The  f o l l ow i ng  d i scusses  t he  r e l i ab i l i t y ,  ava i l ab i l i t y ,  
and  ma i n t a i nab i l i t y  of  t he  MHD gene r a t o r  channe l ,  
ups t r eam  noz z l e ,  and  downs t r eam  d i f f use r .

Redundancy  and  spa r e  componen t s  a r e  used  t o  
max i m i z e  componen t  r e l i ab i l i t y  and  ava i l ab i l i t y  based  
on  ana l yses  of  concep t ua l  ea r l y  comme r c i a l  MHD powe r  
p l an t s . ^ ’ 5 A schedu l ed  ma i n t enance  concep t  i s  used  
t o  ex t end  t he  componen t  MTBF ' s .  Th i s  concep t  ca l l s  
f o r  t wo  comp l e t e  MHD  gene r a t o r  channe l s  ( i nc l ud i ng  
noz z l e  and  d i f f use r  componen t s )  t o  be  in  rou t i ne  
a l t e r na t i ng  se r v i ce .  When  one  channe l  i s  t aken  ou t  of  
se r v i ce  t o  be  i nspec t ed  and  r e f u rb i shed  as  necessa r y ,  
t he  second  channe l  i s  p l aced  in  se r v i ce  w i t h  m i n i mum  
p l an t  ou t age .  The  on l y  channe l  r e f u rb i shmen t  expec t ed  
wou l d  be  r ep l ac i ng  se l ec t ed  e l emen t s  of  t he  e l ec t r ode  
and  s i dewa l l s  l oca t ed  in  t he  gene r a t o r ' s  h i gh  
t r ansve r se  cu r r en t  dens i t y  and  h i gh  e l ec t r i c  f i e l d  
r eg i ons .  Exchange  of  channe l s  eve r y  2 , 000  hour s  of  
equ i va l en t  f u l l - l oad  ope r a t i on  is  con t emp l a t ed .  Th i s  
i s  cons i de r ed  a  conse r va t i ve  es t i ma t e .  The  i n l e t  
noz z l e  and  t he  d i f f use r  a r e  no t  expec t ed  t o  be  
r ep l aced  and  r e f u rb i shed  each  t i me  t he  channe l  i s  
r ep l aced .  Howeve r ,  i f  r equ i r ed ,  t h i s  can  be  done  in 
pa r a l l e l  w i t h  channe l  changeou t .  Conse r va t i ve  
es t i ma t es  ca l l  f o r  t he  p l anned  r ep l acemen t s  of  t he  
noz z l e  and  d i f f use r  a f t e r  eve r y  8,000  hour s  of  
ope r a t i on .  The  ac t ua l  componen t  exchange  schedu l es  
w i l l  be  de f i ned  based  on  ope r a t i ng  expe r i ence .  T i me l y  
channe l  r ep l acemen t  and  r e f u r b i shmen t  w i l l  he l p  to  
avo i d  f o r ced  ou t ages  and  t o  ex t end  t he  MTBF  in 
ope r a t i on .
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REFERENCESSpec i a l  f ea t ur es  w i l l  be  i nco r po r a t ed  i n t o  t he  
componen t  and  p l an t  des i gn  to  m i n i m i z e  ou t age  t i me  
r equ i r ed  f or  channe l / noz z l e / d i f f use r  r ep l acemen t .
These  i nc l ude  spec i a l  f i x t u r es ,  f i t t i ngs ,  and  
connec t or s  t ha t  w i l l  a l l ow  r ap i d  changeove r .  The  
gene r a t o r  r ep l acemen t  p r ocedur e  f o r  t he  Demons t r a t i on  
powe r  p l an t  is  shown  in F i gur e  14 .  To  r emove  t he  MFTD 
powe r  gene r a t i ng  equ i pmen t ,  t he  coo l i ng  man i f o l ds  and  
w i r es  a r e  f i r s t  d i sconnec t ed .  Then  t he  d i f f use r  i s  
unbo l t ed  f rom  t he  channe l  and  r o l l ed  t o  one  s i de  on  
t he  ra i l  sys t em .  F i na l l y ,  t he  noz z l e - t o - combus t o r  
f l ange  i s  d i sconnec t ed ,  a l l ow i ng  t he  channe l  to  be  
ro l l ed  back  on t o  a t r anspor t  p l a t f o r m  and  ou t  o f  t he  
powe r  t r a i n  a r ea  on  t he  ra i l  sys t em .  The  p rocess  is  
r eve r sed  t o  r e i ns t a l l  t he  r ep l acemen t  gene r a t o r  
channe l .

A p r e l i m i na r y  es t i ma t e  of  t he  t o t a l  t i me  
r equ i r ed  f o r  channe l  r ep l acemen t  i s  65  hour s .  Th i s  
i nc l udes  4 hour s  to  br i ng  the  p l an t  down  f rom  fu l l  
l oad  t o  ze ro  l oad ,  and  15  hour s  t o  r e t urn  t he  p l an t  to  
f u l l  l oad  a f t e r  t he  gene r a t o r  channe l  has  been  
r ep l aced .  The  gene r a t o r  channe l  r ep l acemen t  i t se l f  i s  
es t i ma t ed  to  t ake  31 hour s ,  and  15  hour s  a r e  added  t o  
a l l ow  f o r  con t i ngenc i es .  O t he r  p l anned  p l an t  
ma i n t enance  wor k  shou l d  be  coo r d i na t ed  w i t h  channe l  
r ep l acemen t  to  m i n i m i z e  t he  t o t a l  p l an t  ou t age  f or  
ma i n t enance .

The  es t i ma t ed  ope r a t i ng  ava i l ab i l i t i es  o f  t he  
MFTD Demons t r a t i on  noz z l e / channe l / d i f f use r  a r e  shown  in 
Tab l e  6 .

SUMMARY

The  p roposed  des i gns  of  t he  METD powe r  gene r a t o r ,  
i n l e t  noz z l e ,  and  d i f f use r  f or  t he  B i l l i ngs  MHD 
Demons t r a t i on  Pro j ec t  have  been  p r esen t ed .  The  
ove r a l l  ph i l osophy  adop t ed  f or  t he  p roposed  MFTD 
gene r a t o r  componen t s  i s  t o  m i n i m i z e  r i sks  and  
unce r t a i n t i es  wh i l e  f u l f i l l i ng  t he  ob j ec t i ves  of  t he  
Demons t r a t i on  Pro j ec t .

The  des i gns  of  t hese  componen t s  a r e  based  on  t he  
50  MW-£ p r oo f - o f - concep t  des i gns ,  cu r r en t l y  be i ng  
t es t ed  a t  t he  DOE  Componen t  Deve l opmen t  and  
I n t eg r a t i on  Fac i l i t y .  The  p roposed  gene r a t o r  des i gn  
has  s i m i l a r  gasdynam i c ,  gas - s i de ,  and  mechan i ca l  
des i gns  as  t he  POC MFTD gene r a t o r ,  and  t he r e f o r e  t he  
wa l l  s t r esses  ( e l ec t r i ca l  and  t he rma l )  and  i n t e rna l  
f l ow  cond i t i ons  a r e  commensur a t e  w i t h  t hose  
an t i c i pa t ed  in f u t u r e  comme r c i a l  MHD  gene r a t o r  
channe l s .

U t i l i t y  MHD powe r  p l an t s  w i l l  r equ i r e  r ap i d  
powe r  componen t  i ns t a l l a t i on  and  r emova l  p r ocedu r es  to  
m i n i m i z e  down t i me  and  ma i n t a i n  h i gh  ava i l ab i l i t y .
These  f ac t o r s  have  a l so  been  add r essed  in  t he  des i gn  
of  t he  p roposed  gene r a t o r  channe l .
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" Resu l t s  f r om  S t udy  of  Po t en t i a l  Ea r l y  
Comme r c i a l  (PSPEC)  MHD  Powe r  P l an t s , "
Proceed i ngs  of  t he  7 t h  I n t e r na t i ona l  Con f e r ence  
on  MHD  E l ec t r i ca l  Powe r  Gene r a t i on ,  1980 .

5.  Ha l s ,  F .A . ,  " Concep t ua l  Des i gn  S t udy  of  
Po t en t i a l  Ea r l y  Comme r c i a l  (CSPEC)  MHD  Powe r  
P l an t ,  F i na l  Repo r t  of  Task  2 Resu l t s , "
NASA  CR- 165235 ,  Ma r ch  1981 .

6 . Po l l i na ,  R . J . ,  S i mpson ,  W . ,  and  Fa r r a r ,  L .C. ,  
" MHD Channe l  Gas -S i de  E l emen t  E ros i on -Co r r os i on  

S t ud i es , "  Pr oceed i ngs  of  t he  28 t h  Sympos i um  
Eng i nee r i ng  Aspec t s  of  MHD,  Ch i cago ,  June  1990.

7.  Po l l i na ,  R . J . ,  Pe t t y ,  S . W . ,  P i an ,  C . C . P . ,  
e t  a l . ,  "1A4  Ma t e r i a l s  Co r r os i on  and  
Con f i r ma t i on  Tes t  Resu l t s , "  Pr oceed i ngs  of  the  
29 t h  Sympos i um  on  t he  Eng i nee r i ng  Aspec t s  of  
MHD,  New  Or l eans ,  LA,  June  1991 .

8 . The  Pt  capped  anodes  used  in  t he  1 , 000  hour  tes t  
have  accumu l a t ed  ove r  300  add i t i ona l  hour s  s ince  
1982 .

9.  Pe t t y ,  S . W . ,  Dun t on ,  A. ,  Re i ch ,  J . ,  e t  a l . ,  "1A4 
Channe l  Des i gn  and  Fab r i ca t i on , "  Pr oceed i ngs  of  
t he  29 t h  Sympos i um  on  t he  Eng i nee r i ng  Aspec t s  of  
MHD,  New  Or l eans ,  LA,  June  1991 .

10.  P i an ,  C .C .P . ,  Pe t t y ,  S . W . ,  Schm i t t ,  E . W . ,  
e t  a l . ,  " E l ec t r i ca l  Cha r ac t e r i s t i cs  o f  MHD 
Gene r a t o r  S i dewa l l s  w i t h  S t r a i gh t -  and  Z-Ba r  
Des i gns , "  Pr oceed i ngs  of  t he  29 t h  Sympos i um  on 
t he  Eng i nee r i ng  Aspec t s  o f  MHD,  New  Or l eans ,  LA,  
June  1991 .

11 .  Re i ch ,  J . ,  Hruby ,  V . J .  and  Fa r r a r ,  L .C . ,  "Des i gn  
Ve r i f i ca t i on  Tes t i ng  a t  t he  CDI F  and  Mk -V I I  of  
t he  Avco  Cu r r en t  Con t r o l s  and  Conso l i da t o r s , "  
Proceed i ngs  of  t he  29 t h  Sympos i um  on  t he  
Eng i nee r i ng  Aspec t s  of  MHD,  New  Or l eans ,  LA,
June  1991 .
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TABLE  1

MAJOR  DESIGN  REQU I REMENTS  OF  THE  I NLET  NOZZLE TABLE  3

EFFICIENT ACCELERATION OF SEEDED COMBUSTION GASES 
TO GENERATOR ENTRANCE CONDITION.

NORMAL AND PART-LOAD OPERATION.

UNIFORMITY OF VELOCITY PROFILE.

CONTOUR GEOMETRY TO MATCH CHANNEL INLET.

ELECTRICAL ISOLATION.

SLAGGING WALLS TO MINIMIZE HEAT LOSS AND EROSION 
FROM HIGH VELOCITY GAS FLOW.

EFFECTIVE COOLING FOR WALL HEAT FLUXES AND RECOVERY 
OF HEAT LOSS BY BOILER FEEDWATER.

PREVENTION OF RECIRCULATING CURRENTS FROM MAGNET 
FRINGE FIELD.

DURABIL1TY/R ELI ABILITY/AVA1LABILITY/MAINT AIN ABILITY. 

SCALABILITY.

TABLE  2

MAJOR  GENERATOR  CHANNEL  DES I GN  REQU I REMENTS

POWER LEVEL AND THERMODYNAMIC PERFORMANCE.

COMMERCIAL OPERATION ELECTRICAL STRESSES, FAULT POWER,
AND WALL HEAT FLUXES.

DURABLE WALL DESIGNS COMPATIBLE WITH SLAGGING OPERATION. 

AXIAL AND TRANSVERSE SEGMENTATION.

GAS AND WATER SEAL INTEGRITY.

DIAGONAL ELECTRICAL LOADING WITH EFFICIENT NORMAL 
AND PART-LOAD OPERATION.

POWER TAKE-OFF AND ELECTRODE CONSOLIDATION.

SEPARATE COOLANT LOOP WITH LOW PRESSURE BOILER 
FEED HEAT EXCHANGER.

COORDINATION OF CHANNEL DESIGN WITH MAGNET DESIGN.

QUALITY CONTROL OF FABRICATION AND ASSEMBLY PROCESSES.

DUR ABILITY/RELI ABILITY/A VAILABILITY/MAINTAIN ABILITY- 

SCALABILITY.

DESIGNS ADAPTABLE TO AUTOMATED MANUFACTURING PROCEDURES.

MAJOR DIFFUSER DESIGN REQUIREMENTS

EFFICIENT PRESSURE RECOVERY AT ALL OPERATING CONDITIONS.
EFFICIENT RECOVERY OF HEAT LOSS TO HIGH PRESSURE BOILER FEEDWATER. 
GAS EXIT CONDITIONS COMPATIBLE WITH HRSR (PRESSURE, VELOCITY). 
THERMAL EXPANSION INTERFACE OF MHD POWER TRAIN AND HRSR.
DUR ABILITY/RELI ABILITY/M ATTAINABILITY/A VAIL ABILITY.
SCALABILITY.

TABLE  4

SUMMARY  OF  GENERATOR  PERFORMANCE  AND MAJOR  ELECTRI CAL  
AND GASDYNAM IC  PARAMETERS

MHD GENERATOR CHANNEL

THERMAL INPUT 250 MW,

GROSS MHD POWER 28.5 MWe

CHANNEL HEAT LOSS 19 MWt

LOAD VOLTAGE 15.9 kV

LOAD CURRENT 1.8 kA

MASS FLOW RATE 49.6 kg/s

EQUIVALENCE RATIO 0.85 fuel rich

02 ENRICHMENT 40 %

PREHEAT

LLOOo1“

INLET MACH NUMBER 1.2

MAXIMUM B-FIELD 4.5 tesla

INLET PLASMA CONDUCTIVITY 8.2 mho/m

MAXIMUM CURRENT DENSITY 1.08 A/cm2

MAXIMUM AXIAL FIELD 2.33 kV/m

MAXIMUM HALL PARAMETER 3.3

DIFFUSER

DIFFUSER RECOVERY COEFFICIENT 0.45

DIFFUSER EXIT PRESSURE 0.9 atm

TABLE  5

COMPAR I SON  OF  MHD  GENERATOR  OPERAT I ON  PARAMETERS  AND STRESS  LEVELS

Designed
Achieved at 
Textron/Avco

Achieved 
at CDIF

D em onstration
M HD
G en era to r

APT 
R etrofit 
M H D PlantH)

Early
Commercial 
M HD PlantG )

MkVII
1000-hr
Test(3)

M kVl
2-8 hr High 
Stress Tests

1A 1
and/or POC 
G enerators

Max Axial Field (kV/m ) 2.3 2.4 2.6 2.1 3.0 2.6

Max C urrent D ensity  (A/cm 2) l.l 0.9 0.8 0.7 3.2 1.2

Max Hall Param eters (B) 3.3 3.9 3.9 2.6 4 .0 2.6

Max H eat Flux (W /cm 2) 2 5 0 217 210 310 5 0 0 3 5 0

(1) MHD Advanced Power Train Studies. General Electric Company. 1983
(2) Preliminary' and Conceptual Studies o f Potential Early Commercial MHD Power Plants (1979. 1983)
(3) Textron/Avco 1000-hr Anode Duration Test (1982)
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TABLE  6 TOP VIEW

DEMONSTRAT I ON  N0ZZLE / GENERA1OR  CHANNEL / D I EFUSER  
AVA I LAB I L I TY  EST I MATES

A
MTBF

Flours

MTTR

Hours

Nozzle 0.997 16,000 50

Generator Channel 0.989 6,000 65

Diffuser 0.998 20,000 50

A v a ila b ility  A  = ------
MTBF

M iB F  + M TTH

w h ere  M TB F =  M ean T im e Betw een Failures;

M TTR  = M ean T im e To R eplace

ASH INJECTED COMBUSTOR

TDS MK VI 500 HR DURATION TEST (1978)

TDS MK VII HIGH SULFUR TEST (1980)

TDS MK VII 1000 HR ANODE TEST (1981)

TDS MK VII FAULT POWER TEST (1981)

TDS MK VII "Z " BAR SIDEWALL TESTS (1984)

TDS MK VI HIGH INTERACTION TESTS (1985-86)

TDS MK VI POWER PLANT STRESS SIMULATION TEST (1985)

TDS MK VII EASTERN VS. WESTERN COAL ASH COMPARISON 
(1986)

TDS MK VI AND MK VII IRON OXIDE TESTS (1987-88)

INTEGRATED TOPPING CYCLE DESIGN SUPPORT DURATION TEST 
(1988-1990)

COAL FIRED COMBUSTOR (CFC)

TD SM K VI CFC TESTS (1981)

TDS MK VI CFC TESTS

(1989-1990) -------------------------------------

CDIF CFC TESTS

POWER PLANT SYSTEM STUDIES

ENERGY CONVERSION ALTERNATIVE STUDY (ECAS) - 1977

ENGINEERING TEST FACILITY (ETF) CONCEPTUAL DESIGN 
(1978)

PRELIMINARY STUDY OF POTENTIAL EARLY

COMMERCIAL MHD POWER PLANT (PSPEC) • 1979

CONCEPTUAL STUDY OF POTENTIAL EARLY

COMMERCIAL MHD POWER PLANT (CSPEC) - 1981

ADVANCED MHD POWER TRAIN (APT) - 1983

SCHOLZ MHD RETROFIT PLANT STUDY 
(1989)

CORETTE MHD RETROFIT PLANT STUDY 
(1989)

CHINESE AND ITALIAN RETROFIT PLANT STUDIES 
(1989-1990)

CURRENT CONTROLS

TDS MK VI CURRENT CONTROLLED CHANNEL TESTS 
(1987-1990)

TDS MK VII CURRENT CONTROLLED CHANNEL TESTS 
(1989-1990)

350 POWER HRS ON CURRENT CONTROLS 

CDIF CURRENT CONTROLS

SIDE VIEW

COMBUSTOR
\

r
/

Z2L
t

(

0.7m

___1,

P 2 6 8 5

F i gu r e  2 Ove r a l l  D i mens i ons  of  t he  Demons t r a t i on  MHD 
Gene r a t o r  Channe l

2 5 0  MW THERMAL INPUT 
LENGTH =  11m
6 0  OVERLAPPING ELECTRODES 
HEIGHT =  0 .7 m

PEAK Exc (k V /m )

F i gur e  1 Da t abase  f or  t he  Demons t r a t i on  MHD Gene r a t o r  F i gur e  3 Demons t r a t i on  MHD  Gene r a t o r  E l ec t r i ca l
es l gn  S t r ess  as  a  Func t i on  of  Oxygen  En r i chmen t

and  Magne t i c  F i e l d  I n t ens i t y
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F i gur e  4 Ne t  Powe r  Ou t pu t  as  a  Func t i on  of  Magne t i c  
F i e l d  I n t ens i t y ,  Oxygen  Enr i chmen t s  and  
E l ec t r i ca l  S t r ess  Leve l s

• G as-S ide M ate ria l - T u n g s te n
• W ate r-C o o led  C o pper Bases
• A lu m in u m  N itr id e  C eram ic End Caps 

at C a th o d e -to -S id e w a ll J o in t
• E le c tro d e  H e ig h t -1 .0  in c h
• E le c tro d e  P itch  - 0.7 inch
• B o ron  N itr id e  In te re le m en t In s u la to rs

0.070 in c h  W ide

• S la g g in g  G rove s

CONST AMT HOG NT SIDEWALL 

SEGMENTED Z-BAR CONSTRUCTION 

SIDEWALL DIAGONAL - 45 DEGREES 

SIX ROWS OF ELEMENTS

GAS - SIDE MATERIALS
- TUNGSTEN
- TUNGSTEN - COPPER COMPOSITE 

BASE MATERIAL • COPPER 

SLAGGING GROOVES

BORON NITRIDE INSULATORS

F i gur e  7 Pro t o t yp i c  S i dewa l l  Gas -S i de  Des i gn

*  - y - ■ r -  *r -u ti y

|X: A

F i gur e  8 Layou t  of  t he  Noz z l e / Channe l / D i f f use r  of  t he  
MHD  Demons t r a t i on  Powe r  P l an t

F i gur e  5 Ca t hode  Gas -S i de  Des i gn

PRIMARY GAS-SIDE M ATERIAL-PLATINUM  

BAC K-U P MATERIAL-TUNGSTEN 

W ATER C O O LED  COPPER BASES 

A R C -FAU LT PROTECTION 

ARC QUENCHING GAPS 

G-7 N O N -TR AC KIN G  BACKW ALL 

ALU M IN U M  NITRIDE CERAMIC END CAPS 

SLAGGING DESIGN

SEGM ENTED TOP CAPS

RECESSEO BOR O N  NITRIDE INSULATORS

A*o.

F i gur e  6 Anode  Gas -S i de  Des i gn F i gu r e  9 I n l e t  Noz z l e  Des i gn
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F i gur e  10  I some t r i c  V i ew  of  t he  Demons t r a t i on  MHD Gene r a t o r

F i gur e  11 A Typ i ca l  Cr oss -Sec t i on  V i ew  o f  t he
Demons t r a t i on  Gene r a t o r  I ns t a l l ed  in t he  
Magne t  Bor e

INTERFACE

F i gu r e  13  Tex t ron  Cu r r en t  Con t ro l  C i r cu i t s  Ins t a l l ed  
a t  t he  CD IF

RADIANT BOILER

TOPPING ----
CYCLE UNSEGMENTED SUBSONIC SUBSONIC

SUPERSONIC DIVERGING RAPID
SECTION SECTION EXPANSION

I

F i gur e  12 Schema t i c  D i ag r am  of  D i f f use r  Sec t i ons

STAND; REMOVED 
FROM THE MAGNET

REPLACEMENT GENERATOR 
READY FOR INSTALATION

F i gu r e  14 MHD  Gene r a t o r  Rep l acemen t  Pr ocedu r e  f or  
t he  Demons t r a t i on  Powe r  P l an t
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