
p r ~ o r l t y .  " These  c o n c e p t s  a r e  p r o ~ s l n ~  s i n c e  t h e y  o f f e r  p o t e n t i a l  

increases in system efflclencles with attendent reductions in ~hermal 

and water pollution. However, the state-of-the-art of these conce?~s 

~s relatively underdeveloped, and .R&D Is needed In several areas 

before their full potential and technlcal risk can be realistically 

evaluated. 

I. E~ABLING TECR~OLOGY 

The Energy Conversion Pro~.ra~ =~. a whole needs an under~irdinz 

base of en~-blln~ technology ~;hich promotes Improvement in the major 

systems or ~a',¢es feasible entirely new concepts. All central station 

conversion plants,' for instance, can benefit from the auplicatlon of 

superconductin B machinery, through ickier capital co.~ts~ increased 

reliabili/~/ and sli~t Increases (1/2%) in system efficiency. In a 

simllar veln, materials behavior, optlm~zation and development can 

provlde more reliable syster~s or 5ri~= to realizatlon new devices. 

Reeause of its sup. portin E nature, this subproEram has also received 

our lowest Driorlty. 



' [ ; : I I tC;~ '  H'L:.. = , J U  I I  ~, I )=.kI .  LO, . . . !  tit Le+zl¢,lrrh,,i 

. . . . . . .  [ C u ; W c r a z b = [  -('.'.,L;t:|i'~'ilUC.~ 
l .q nRil, Ti i~ . , , . ~ c  lSi~ IVi.~,~ 

i ~:,r-r,,~..:.- : . \ T P . T F . q ,  ~.,;,c; :.~,~ 

" ' ~ -CT j ; ~ r , - n , -  r t ; h  r,r~u ::, ; :: ' " . . . .  

: [;.',. IPlnllrr tl,**:)rl 42 ¢7,,te;rf, "f5 -- r"'-~ " |$'"'" %~ til'?~'' %%'~' ~ %'a'll [~) b ~ 

( I l l  I:{ ~1 ,p~r ~(%~ irt.~ l.ll W'| 
..'~. ~ ~r-.._. ~.-,F C(1 ;JTR,%CTO ~" 

.., . 

• ,~l~C &~t,,'tU WOrK Will  b e  
).~r for  n..'~ ]l~i St3t~: 

, ~,,,: =-. o.~ CC, NT~,~CrO.: 
S;le t;lh,'te t;'Or k ",~11 be ~;~i Slate-" 

" °  r 4 ~ E  0 F"C  D,".' T ."1A C T O  R :  

: [ : , C i  5 t i L E r  

, • , , , , . , , , ~  , : ; l l . ' , ~ a  

i:. ~.;t ill' l'?l T 

I i=.,i.iC#f i [~11~ iq~lfl~l~" rl[rf#~l:r.~*'l,.r; 

• . ~'~,,[} [ .5C.CIIIPTION OF 

t 'o.. ,~¢t¢ t h e .  ~.4 Iinc~ o [  t e t t  

['-j !J,% ",,, I'.: I I : |  

[ 3  (m~,t  u, V 
~J r . ' l t ;V  '~ :'.1 

t. I I )FNTI ;  ICA'TI{] 'J r . l j , ; . ' l l l  
i 0{,01:,50%] 

. .... , , , , 

} Cou,w: Various .Cov't Labs £, FERDC's 
I , . 

J C0u.w: 'Cari otis Un~j~ec.if~.b._I U n i v e r s i  ~ : 
• 

Co.ncv: Various Unsp~c '~f ied Industria" 

I c o = . , r  

e~ 110 r:.;o~(" ll,a~ 20 c?~rmc[~'n 

l.d ,e.,'21e k IO |,t* IJrC,?f;.~i~-'n. 
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Sile),rforme~wherc w o r k  W,|| De "~i .  S,ate:  } COu. IY:  

I S u p e r c o n d u c t i n g  ~ l ~ c t r i c a l  N a c h i n e ' F ;  R~D:tode, e;Oo t h e  n e x t  
generation of supe.conducting generators. T~e go~l would be to cot 

i 
and test a i00 ~Sf a.c. superconducting generator. 

Undurgirding ma~eriils R~D for all conversion systems components " 

including development of materials Eor advanced systems requiring 
materials beyond zhe current state-of-the-are; the performance of 
testing and-acquisition of a bank of engineering da~a o~ currently" 
available maeerials ~o enable prediction of long zermreliabiliey. 

i 
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I Sup~rconducting Electrical Machinery: R~D t o  ~he  next 
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imnd te3t a 100 ~5~ a.c. superconductin~ generator. "- 
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[Under~irdin~ materiils R~D for all convemsion systems components " 
includ~n~ development of materials for advanced systems requiring 
materials beyond the current sZate-of-zhe~aTe; the performance o f  
testin~ and-acquisition of a bank of engineering data o~ currently 
available materials t o  enable prediction of !ong Ze.~,  reliability. 
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O. l , , '&l l" l  li* l+" l|. v,w':m| V,.,l~ oll,','to:='l l i+r OhlPClnu,-; Or ~*lwi+~l I I . ?  ptOlmlel'IM #0¢ W.nil:P) t h +  l+[~l~.m iS Im'Ol:'(~Od. Ou t lonc  t l m  l lSk l JunCm' t~ I%~l~ l  

III!U), l,:at,+ l u  nllltullllZl: ||./~J..al~,J Lx,:.,$ lolr ixGl~l~.'iJ,ltcl 111 Iacl~ O |  H/'~J. l ~uon t ,  i a t , v e  dut.] .homald ~ la~l~ lO t h e  f u l l e s t  e x t l ~ t .  

Superconduct ing  £ 1 c c t r i c a l  Machinery - i n c r e a s e d  c o n v e r s i o n  e f f i c i e n c y  (up t o  
1% f o r  l a r£e  i n s t a l l a t i o n s ) ,  c i r cumven t ion  o f  s i z e  l i m i t a t i o n s  o f  components ~ 
which :n)" be shipped f ro=  F a c t o r y  to  i n ~ t a l l a u i o n  s i t e  (approx 650 ~ ) .  avoidi+ 
o f  f o r e i g n  c o : F c t i t ~ r ~  f r~n capuur ing  f u t u r e  m a r k e t s  f o r  e l e c t r i c a l  m a c h i n e r y  
(motors .  g e n e r a t o r s ,  and t r a n s f o r m e r s ) ,  

The deve lop=ea t  o f  e l e c t r i c a l  machinery  u s i n g  c o n v e n t i o n a l  a p p r o a c h e s  appears :  
to  have been n ~ i m i : e d .  E x p l o i t a t i o n  o f  the  ohencmena o f  s u p e r c o n d u e t S v i t 7  
appears to be the only avenue t o  proceed for further improvements in efficient 
and to enable the production of lar~e~: units for central station appl~cation. 

The principal risks/unce_~ainties cen~er around the complexity of the envisio{ 
systems and =hus their acceptability to ineustry and the utilities. ~o scien~ 
breakthroughs are required but considerable cngineering R~D is required. The 
discovery of hi~her temverazure superconductors ~¢ould reduce system com~lexit: 
costs of acquisition an4 operation, and provide further increases in system 
efficiency and reliability. The mini~ program would provide £or  design and" 
construction of a 100 ~ a.c. gen~rator and deemphasize work on auxiliary com- 
ponents. 

Undergi rd ing  ~.~-terials R~D f o r  a l l  components o f  advanced c o n v e r s i o n  sys t ems  - 
hea t  exchange r s ,  , '.~', h igh  te_~perature  gas t u r b i n e s ,  e t c .  

Advanced concep t s  Chi~her ~ w e r ,  h ighe r  t e m p e r a t u r e )  w i l l  r~quiwe m a t e r i a l s  
which a re  now beyond ~h.  ~ c u r r e n t  s t a t e - o f - t h e  a r t .  For e . ~ . ~ l e  gas  t u r b i n e s  
wi th  2500 ° F i n l e t  t e = p e r a t ' ~ e s  ~ I I  r e q u i r e  new vane  and £ i r s t  row b l a d e  
m t e r i a l s .  .~.%~ : , ' i l i  r e q u i r e  s p e c i a l  m a t e r i a l s  f o r  d u c t s ,  e l e c t r o d e s ,  and 
i n s u l a t o r s .  High te . --perature h e a t  exehar .sers  ~ 1 i  . -equire  h igh s t r ~ . E t h  mate r  
r e s i s ~ a u t  ~o ther.=.=l shock and c y c l i c  £-~tis-ue and which w i l l  min imize  i n t e r *  
d i f f u s i o n  o£ conta~' :n~nts  f r o -  one :,'orking £1uid  i n t o  t he  o l h e r .  L-'ne e £ f e c t  
o f  micro i ~ . : u r i t i e s  in  ho~ ~x)r]: .Cluids on ~he lon£  t e r n  p r o p e r t i e s  o£  h igh  
t e n p e r a t u r e  = ~ t e r i a ! s  i s  p o o r l y  under s too~  and i n  sone e a s e s  no t  a t  a l l .  T~.e- 
i s  a n e ~  no t  o n l y  £or net-." - - t e r i a l s  but  a l s o  a n o t e  c o n p l e t e  bank o£  e n g i n e e :  
d a t a  on e x i s t i n g  m ~ t e r i a l s  t o  a l l o w  p r e d i c t i o n  o f  long term r e l i a b i l i t y .  T~Is 
i s  a l e v e l - o f - e f f o r ~  a c t i v i t y  ~o p e . ~ i t  s t u d y  o f  o n l y  the  ~ o s t  o b v l o u s l y  L%T.~or 
p r o b l ~  anti i s  in~er=..ediate be tween  s h o r t  term -~evelop~ent and ~ m l t i d i r e c t . i o n  
b a s i c  r e s e a r c h .  

I 
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- ~ l , l l e  Ih~. 5:'r~.~f~c enaroY p , ,d~ lem o~ ob icc l i ve ,  and s [ ~ c i f Y  hcnv l h~  pr0f~os31 w; l !  c o n t r , b u l e  ~o t | l~  so lu t ,on  o f  l h e  problem'1 
. :  ~,l,l.-ct~vP. h ~  I.(I.,  ~..I.a~,., | . r  ~,.|-.c~.~1 ~h-. . - rcommem.%'d ."ll~llro.lch ow, r o l h r r  ,'ll~J,/'ll.'l~l;l:S. ~.|$0 |ll(:llld~ ~. ||11~. ~ n 2 f l | ~  
~wr-Cl l i t> l i t  ~l'.,~?ll!:,| t | lP ~lljrrtx~.~l-$ Or" ~lt,'l~¢] the  p~l;hh, n ~  l o t  w~ImC;, I l ia !WO|l.'Cl~ I$ p roposed .  O m h n e  the ~lsk$1unCertOIrt~l¢~ 
itlrltmZL • ~ I U .  al~J ~.~15 104" I)rol:l.~.nl~mll~ In IJCt~ Ol f l l U .  QuJntll.~l~ll'.'2 C;alalhuuld be U~d ~0 ~ho ful lL'gl extent. 

~upcrconduc~ing h!eczrical Hachinery -increascd conversion efficiency (up t o  

[% for large installations}, circumvention of size limitations of components 
~hich ~ay be snippel Cro~ factory ~o installation site (approx 650 ~], avoidance 
~ foreign competitors from capturing future markets for electrical machinery 
~stors, generators, and transformers). 

"he develop=cnt of electrical machinery, using conventional approaches appears 
:o have boon =~ximized. Exploitation of the phenomena of superconducz[vit7 
tppenrs to b~ the only avenue re proceed for further improvmments in efficiency 
In~ to enable ~ h e  production of larger.: units for central, station appl~cation. 

%e principal risks/u~eertainzies center around the complexity of the envisioned 
"yst~ms and ~hus their acceptability to industry and the utilities. No scientific 
~reakthrou~hs are required but considerable engineering R~D is required. The 
,iscovcr? o£ hi~her temperature superconductors ~ould reduce system complexity, 
usts of acquisition and operation, and provide further increases in system 
£f~ciency and reliability. The minimum prog~-amwould provide for desisn and 
onstruc~ion of a I00 ~ a.c. ~enerator and deemphasize work on auxiliary com- 
~nents. 

ndergirdin~ materials ReD for all components of advanced conversion systems - 
~at exchangersj )~9, high temperature gas turbines, etc. 

dvaneedconcepts ~.~her power, higher temperature) will r&quire materials 
lich are now beyond the current state-of-the art. For ex~mDle gas turbines 
th 2500 ° F in]at temperatures will require new vane end first row blade 
Zer!als. ~D will r&~uire special ~azerials for ducts, electrodes, and 
nsulators.. High te=perature heat exchangers will require high strength materials 
!sJstant to ther=,~l shock and cyclic f~tigue and ~-hieh w£11 minimize inzer- 
Lffusion of contaminants from one ~orkin~ fluid into the other. The effecn 
" micro impurities in hDt work fluids on the long term properties of high 
,.~erature =a~eria!s is peor!yu~nderstood and in some cases not an all. There 
: a nee~ not only for new ~teria!s bur also a more complete bank of engineering 
~ta on -~xi~in~ =~teTials re allow predlction of Ion E term.reiiabiliryo This 
• a level-of-effort activit~ to permit study o£ only the most obviously important 
~bl~usand is ~nzermediate between short term development and mulzidirectional 
5 1 c  research. 
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:-hut'~ for cluctr~ ~_I _-:z~hincry (motors, generators, and transferors). 

e dcvelrpmcnt of electrical machinery using co:~entiona! approaches a;pears to have been 
p!o~tatien of the pLenc~cna of superconductivity ~ppe--~rs to be ~he only avenue ~o proceed 
zther izprove=ents in efficiency and to enWDle the production of larger un.its for central 
~lica~iun. 

.~ ~rincip-I risksltmcert"inties center around the eo=plexit.v of the envisioned syst:=s -~¢ 
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syzte:~ efficiency and reliability. The order!-," program -.-ou!d provide for design, ccnstr%; 
testing of z i0O :.F~ system. The value of continued development would be assessed at th~ 

) Undergirding =a~.eriz!s R~D for all components of advanced conversion systems - heat excl 
9, high tem zera~ure gas =urbine, etc. 

• .-. 

:anced concepts (higher .mo~'-.r, higher te-~erature)%~I! rec_uire materials ".-~ch are now b" 
., current state-of-the-ar~.. For example,. ~-_. turbine ",'ith 2500°F in!et tem_~.ratures ~ill: 
vane ~-nd firsZ re-,- b!~-'e zaterials. "~ -~ll! _ .--- remuire special materials for ducts, oleo', 

I instilators. Ei~h Ze-_~o_rature heat exzhan~ers -.~_ll reo_uire high stre.~.h =ateria!s resi. ~ 
~hermal shock z~d ,','~ ~ .... cj ___c fa~,- ~ and ".-hich ".-i!i minimize interdiffuslcn of conZazina.nts 
~klng fluid i]:to the other. The effec~ of -_icro izpurizies i~ hot -;or'--'ng ~l'alds on the 
:potties of high te~_~erz~ure materials is _~corly umders~ood amd im so--e" cases not a~ all. 
a need not only for -_%- - _ri " "cut also a _.r_ . ~ =at~ ~ ~s ~ = cc_~lete b~nk of en~ineerlmg ~zta on e: 
:oriels to clio-; product!on of lend-tot ~_ reliability. This is a level-of-effort activity 
"--.,it stea~y scientific an:]. tecta.--ion! advancement ~nd is inte-~me~iate bet-,-ee ~. short-term : 
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'elolmzent and muitidiree~icnal basle research. 
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nt of electrical ~ ~ " z.a .... n,rj using co::ventional approaches a;pears to have been max.in•co 
iof the pi,cncmena of superconductivity z.=pears to be the only avenue to proceed for 
ezcnts in ~ "~ • e~..cl.ncy .and to ~,~0!e the ~roduction of !ar6er units for central station 
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• r~sks/uncert--inties center aro,~d the complexity of the envisioned syst ~.s ~--nd thus 
bility to in~ust~" ~nd the utilities, ilo ~o-+~ b._~ ..... o~..s are r~.quired but 
.~::iincering -~D is required. The disco',:z 7 of hi~ner temDerature superconductors 
system temple:city, costs of ..... • ~+~ - ..~.zs.~_e.. end operation, and provide further increases 
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. K lO0 :.[; system. The value of continued eel" "e_o.~. ~ .... ...*~ b'o~dd be assessed at this rise. 
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an~ =~-teria!s R~D for all components of advamced conversiom syst~ - hea$ exchangers2 
;era~u-~e Eas z~rbine, etc. 

%is (hiGher zo%'er, higher tez zerature) %-i!! require =~ter!als -.-hich ~re now beyond 
mte-of-'~he-~-r:. For exn_mDle, ~==-_. _bin_ ".'ith 2500~F inlet tezpera±'~res %-iI! rec_--'re 
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high te::~era~ure materials is poorly tmderstood ~ud in some eases not at all. There 
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llc~- .~rcduet!on of !cng-ter~_ reliability. This is a level-of-effort activity to 
scientific ~-d technical advanueze:t --~ is imte,nze-lia~e bet~-ee ~. short-term 
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Superconduczing Electrical !~chinery: R&D todevelop the nlx~ 
generation of superconduc:ing ~-otors, generators, transformers, 
and atD:illary cryoganies. The goal would be Lo construct, test, 
and connect ~o a pe~¢er distribution system a 100}K# a.c. super=ond 
generating system. Also, preliminary design and testing of tempo 
for a 600 l-Ef system. 

Undergirding materials R&D for all conversion systems c o m p o m m t s  

,including development of =ateria!s for advanced'systems requiring 
mater~a!s beyond ~he current state-of-=he-art; the performance of 
testing and acquisition of a bank of engineering data on currentl' 
available materials to enable prediction of long-term reliability; 
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Superccnduc~in~ Electrical 5~achineny: ~&O redevelop the n~xC 
senerati~n of supercondua~in~ motors, Eenerators, transformers. ~" 

~ . . . . .  ~-~ c,~o~anlns. ~ne ~oal would be ~o  consuruc~, tom:) , 
and connect ~o a pc~er distribution system a I00:-24 a,c. superconductin~ 
~eneratin~ system. Also, preli=inary design and testing of componen=s 
for a 600 ;.'~: system. 

Undergird!n~ =aceria!s R&D for all conversion systems co=ponen~s 
,includCn~ develc~en~ of ~aterials for advanced systems requirin3 
materials beyond uhe current state-of-~he-ar~; Lhe performance o~ 
ges~in E and acquisicio~ of a ba.~,k of engineering data on currently 
availaSle r-z~eria!s =o enWDle prediction of lons-~erm reliaSili'~y. 
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Superccnduc:ing Eleccr'ical :-L~chin~Ky: g&D to develop ~ha n~-x'~ 
g~nerazion of supercond~cZing motors, generators, ~ransfor-aers, " 
and auxiliary cryoga=ies, The goal would be ~o conscruct, test, . 
and connect =o 3 po~-.'er distribution system a 10057.{ a.c. supercondu, 
generating systa-_-. Also, preliminary design and test&ng of compon, 
for a 600 -Z" system. 

Undergirdin~ =ater~e!s R&D for all conversion sys~e=s, components 
,including develo.~--ent of =aterla!s for advanced systems requiring 
materials beyon4 the curren= state-of-l:he-ar~; the perfor=agce of 
testing a.nd acquisitlon of a barZ< of engineering data on curren¢'-y 
available m_zcer~als =o enable prediction of long-term rellabilit~. 

-i 
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S u p e r c o n d u c = i n s  Eleccr£ca! 5~achine=y:  ~&D to.develop the n ~ x t  
genera:ion of su~ercondua~in~ =o~ors, genera6ors, transformers. " 
and au=~lla--'y c.->.-osen~es. ~ e  8oal would be ~o cons=rue=, rest, 
and connecE re a po~er distribution syscem a IO0>K~ a.c. superconduc=in~ 
~enera=~ system. Also, preli~/nary design and =esEin~ of components 
~or a 6 0 0 : - Z ~  Syscen. 

~nderK£rd£ns =a~er~ais K&D for all conversion systems, components 
,~nclud~n~ develep=en= of maCerlals for advan6ed systems requir£n E 
mater~a!s 5~yond che curren~ state-of-the-arc; nhe performance of 
¢es¢in~ and acqu!s!~£on of a bank of engineerinE data on currently 
ava~laSle maner~a!s to enaSle predic=ion o~ Iong-~ermraliability. 
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) Sup.-rco::'hzcth:Z Electrical Mechiner-r - increased conversion efficient/ (up to i% for " 
ztmll~tions) citc~r.vention of size li~:.itaticns of ccr.l.,oncnts ".-hich may be shi-.ped from f~ 
• ~n=t':~Izt~on site (approx. 650 "-,"~), avoidem.ce of foreign co-.~ctitors free capturin~ fur" 
~hets for electrical machinery (motors, generators, and transformers). 

~o development of electrical machinery using converional approaches appears t o  hmve been 
:xizized. Exploitation of the phenomena of superconducti%~ty a_~p.e-.rs to be the oD/y zvem 
procecl for further improvements in efficiency ~nd to enable the production of lar£erm 

.r control station application. 

:e principzl risks/uncertainties center aro~.nd the ccm~!exity of the envisioned syst~s m 
~eir acceptability to industry and ~he utilities. No scientific breakthroughs are .~c.uir 
;zsidcrable engineerin~ R&D is required. Tze discovery of higher tp--perature su~ercon.~u~ ~ 
}uld reduce system cczplexity, costs of acquisition and opera, ion, ar.d pro-ride f'~ther ~-u 
: system efficiency and reli~Di!ity. The =~xl-um mrczr~_m would _~rovide for desi~ ~.u~ co:x 
[on of a IO0 ~-.~ syszem, its au~ilia.~/ c~pozen~s, connection to a eo-~ercia! ~c~er ~istri: 
:stem, and preliminary design ~ud nesting of cczpcnents of a 6C0 !-~W system. .~'mis would 
3r the ~=zxi=um rate of advancement ~%thout ~_necesszry duplication. 

~) Under~irdinz =ateria!s R&D for all components of advanced conversion systems - he~t 
-~, high temperature gas turbines, etc. " 

~dvanced concepts (higher power, higher temperature) will re~ ~uire materials vhlch are now 
.he current state-of-the-art. For ex---mple, gas turbine vith 2500°F im!et temperatures ~4.: 
~ew va~ue ~nd first row blade materials. :C-~ will require sgecial materials for ducts, el 
• -ud insulators. High tamperature he--t exeh=zgers will reeuire high stren~.h r~z~erials re 
:o ther=~_l shock ani cyclic fati~ae ~d which will minimize imterdiffusicm of coat -amimzz-.i '" 
~ne working fluid into ~he other. The effect of micro i=zurities in hot workimg fluids c~ 
Long-term properties of high temperature materials is ~oorly un~ers~oo~ and in s~e cases 
LII. ~nere is a need no~ only for =my materials but also a more complete bamk cf en_~ine~_ 
)n existing materials to ~al!ow prediction of lor.~-:e~ reli~Di!ity. ~nis is level-of-eff 
~-ctivity to accelerate scientific ar.d techa-ical a~vaacement amd is intermediate betveen sl 
ievelopment amd multidirection-~.l basic research. 



°. 
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:.-.~.ucti,:~ El.~ctrical :!~chine.--,- - increased conversion effioi~-ncy (up to 1~ for large 
is) citc~','cntio:~ of si:e lir.it-ticns of cez~oncnts -:hich -~.y be shimmed fro= factory 
;ion ~it? (a~prox. ~50 :-~), avoide.uce of foreign co==etitors frcn ca.~turin~ x:~ture 
clcctric:! mnchincrj (=croPs, r.enerators, and trmusfor=ers). 

~ent of electrical=~-chine~using converionzl approaches appears to have been 
E~loit~tion of the ~hencmenn of s~ereonductivity z~ezrs t o  be the only avenue 
~r further impro'~ements in efficiency ~ud to enable the pro~uctiom of larger units 
zt~ticn z~_~!ication. 

i risks/'uncertair.zies center aro~u~ the cc=.clexity of the envisioned systems ~d thus 
:ability to industry ar.~ ~he u~ilities. No scientific brer~.kthreushs are .'ec'~red bu~ 
.~ e.-.gineering R~D is require~. ."..ue discovery of higher tem-~erature superconductors 
-" system c~DleYity, ccsts of acquisition and o~era~ion, and ~rc--ide f'~ther increases 
:ficiency and relinbi!ity. -~ae =---xl-u= ~roEr~..u would Drovid_~ z'cr desi~ an~ ccnstruc- 
~0 :$; svs~e-., its a~ilia.--j c~,.-pone.u~s, connect~cn to'a ce_---ercie! ~ower distribution 
~relimiu~-ry design and restins Cf cc=pcner.ts of z 600 ~?; s~'stu=. -this would Drovi~/e 
~=um ra~e of adv~.-.ce=enZ "~thout ur~eeessary duplication. 

, rd in~ - . z te r ia&s  R&D f o r  a l l  co=~cnen t s  o f  a~vauced c o n v e r s i o n  s y s t  -e=s - h e z t  exchanges  

@ ,---.~erature gas turbines, etc. 
,ncepts (higher p~er, higher %e=,-.erature) will require =zteria!s which are nov beyond 
state-of-~he-art. For ex~__-ple, gas turbine ~th 2500°F inlet temperatures ~!! recui: 

d first r~." blz~e mzterizls. :C-~ %~Ii recuire s~ecizl =aterlals fcr ~ucts, e!eetr~des. 
.ors. High te=_=er~ture hen% exch---=ers_ wi~-1 req,~-~_'re hiE'-- stren~h materials resistent 
shccM ar.~ cyclic fati~ae ~d %:aich will m~nir~ze !=terdiffusion of cont=-_-_!n~nts ~ ~- "r-- 

flui~ into the other. The effect of micro i---.~-ities in hot workimg fluids on the 
PoVerties of high te=p-erature -ateria!s is Door!y ~u~ers~ood a~ in sc=e cases not at 
is ~ nee~ not only for mew =~teri~ but also a more co=p!ete bank cf er~_ineering ~-~t~ 
materials to ~J.!cr,- ~-redietion of !on~-te_~ reliEsii~ty. -~nis is level-of-effort 
accelerate scientific ~ud tec~_nicel a~va~ce=ent and is ir.te=---ediate between short-~en 
and n~itidirectional basic research. 
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ENERGY RESEARCH & DEVELOPMENT FACT SHEET (Corn:breed} 
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I i L, , '  t;V ¢,.l ' ,nc .,~:m'e -'nd s:ope 
i ' O f  i . l . ~ i ~  I : l  L:e U t l ~ C r i ~ k i ~ .  

[ ! i .;w.J,:%~ :ny n-~:4 l ¢ ~ i l : l l i l [ e s  

i i If.',,¢ll n'i~i' h.we lO I:e iC::;uliC¢l 
; ~.¢ ¢or, stru'."ted. 

t~ 

~erlormc.d I ! 

Develop turbo machinery capable o£ developing useful power levels 
from low tempera=ure heat sources such as solar, geothermal or h e a t  
now disch&r~e4 fronste~ and I.C. englnes - approximate!), 250 ° P " 

to 400 ° F. Organic working fluids Such as: 150 Butane, ~JTmonia or 
the freons. Develop required technology to desig~ and cons%ruc~ a 
25 }~Ve system by approximately IgSO. 

. ,. JUSTIFICATION (Z.%e a*e , . '=r i te  ~lieer(m). See I t e m  6. on  Lr . i in ic t ionShe~* . . )  

l iESOuncE I I 
V FISCAL YEAR ~" 

i. MA='~POt'C_R [1] Sczt~:ifi¢ , 

U't l l i im ~'Car=l {2] Technical i 

,(3} Su=:ar t  l 
(4} Other : 

,. !~,%,',*,i' MATERIALS 

;'l.blr moi'erl;clt and um~.s o t  
t o r t u r e  brloz~, l u c h  o* t o ~  o f  
¢¢~I. 6aw, ,~  ©f  oi;. X d u ¢ , a ~  o f  
&rm~/um, etC...Chow a n , o u r i t  O {  
i r i c l l  l i t  COlurnrui o t  nE~.[.; 

i 
E&P¢DAREA (1] G¢'.t-o'.~ned I 
I~EOUIR~O .[,".I Gc~i l¢~:cd 

, i1~ ¢ r r r l )  (3l Pi ivalely*ot~ecl 1 
t - , ..... 

-_ . . . .___ (4l Other t 

I ~ ID I iL rR  F:LSOURC=$X.;EEDEO j 
I 

I ( ~ : i ~ l ' e i [ y  ltrl1-i and un£t o f  | 
~'=(,*==,w,. brZ.w Si.mI~ i ; i ian ts ty  J I a l e -  • * " '!1) ' ~ "  =" ¢ot,~m,,= =z n¢~,=J 

t 
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1975 
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1 9 7 6  1 9 7 7  
,, ,, , , ,  , 

,9 9 
1O 

' 1 . 5  

. 

1 9 7 8  

I )  
}iA 

1979 

?~,, 
!O 
!.S 

1 0  4 
1 . 5  1 

,, 17, 
20 
3.2 



,+~,',* H I ~ . I . A I I C I I  Ar~la D L V F L O I ' : . : ' ~ : . , I  I 'ACT  SIILZI (,._', ; "  

I 

+ + .  l , u : l : +  ~ + 

[ ]  P'+t"X'IP'~IUP't I I [~ '+"P- ' I I :  I C A I I ( ) : I  [ ~ t , : . ' k : L '  

" "  L~ i ! : :  t ; L Y  ;" 

i 
j,. 

J 

F 

.; 

I | ' . |  I |  |{:~1~ I[ | | ~  ~ l . l l ~  I h ~  ".|R~I~iC ~lrll'ts~V ~lrO|l|L*rl l  r l r  i~%i~c~+v.j. At~t %p¢~l |  v tl~.k~ ?P1P p ,  .~tv+.,ll W~|| C O t S l t l b u t ¢  tO 1Lhe s o l u l i O r l  QI  t h e  I ~ o b l e r n  
* ~I. I t l I IV~I,15 ~ I I  ~ I~D.* U|H4"l~|t~et'. I . : c l u ' ~  ft,'.l".t:rt$ f o r  "~.'h'C[ll~.] lh~" i~*  On~c~.'o¢;.~| ,';'1.',~:.1~ I t  O~.e'r o th¢~  .llI¢-rt'~l:avl~s. A I ~ o  In:lucJC IIIC: Mne l l cs  
. : . , ' , I , ~ |  t+, | " '  * I ' ' ' t ~ ' ' d  l , us l |  ll||*S.(llt4J [~1i~ ~.l~*;l*(~tvi-~i Of %i')[s..t f l~ ~|iI • I[*¢ * ~ d . ' i ~  t o t  *'v;*s~h tl~., |~OtCCt eS | : . ro [*o. ,cd.  O u l l l l ' ~  t h e  r t '~k t luncer to ,s~ tses  
: , ,  [ ~}. l.+.jl,~, | ,~  I+:1111111111] + ( ] U  l +Ir+~ l lJ '~l$ ~01~ l'Ir~3c'~l~dl~i,.] I n  I d l ~  o l  I { I U .  ~..~l.l.ll~lll..11s+*el,1 l~J~11 l h U l , + l d  be '  Ml l+d  I 0  : h e  | t ,  J l l c i . l  l z 1 [ ¢ r l ~  

? 

Lo*e-tempe~aturel~nkine (vapor) c y c l e s  us ing  organic  £1uids  or ar.~onia are s u i t a t  
for  use  ~ i th  geothermal or  s o l a r - t h e r m a l  energy sources  and as bottoming c y c l e s  
for  steam po*¢e~plants. The t e c h n o l o g i e s  f o r  des ign  og po~e= convers ion  sys tems  
for  a l l  three  a p p l i c a t i o n s  are so s i m i l a r  t h a t  o v e r a l l  program e e s t s  w i l l  be d i ~  
if a single, integrated R~D progr~ is conducted on these power conversion sy~t~ 
rather than three independent, duplicating programs, i 

t 
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; ,.~ A r a ~  DEVELO- I ' ; , ' . [ ,~ * [  [ ' A C T  : ; l i L L ]  iC,  : "  : ~ . - . , ~ : t  :, 

• C.,!:: I : L Y  

• [ .  ".': ; . : ;  : ;~ . ' . ~Um . . . . . . .  

t l n  t l , "  ,~pe,:~lic e..r~W p m t t l e m  nr  t ~ t q * ' e t ~ v e ,  and spec i f y  hn~v t h r .  p r . - - t . . * . l l  w t l l  c o n t r t b u t o  t o  t h e  SOlutiOn Ol t i m  p r o b l e m  

l~l l '{[ l~l ' ,  I l i { lU i I¢  f~t,l",tlil~ f o r  ~l ' |* 'Cll l l ' |  II~e ¢t'~'tl~tltt,?Ot;l't| #;'pI%%II Is tt%t'f Otht ' r  atterrtnttve$. ,%1~o irl~.lude thL* ~ n e l l f $  
. l l t ] l l l  Iti l 't~lll l lJ [ t i l l  Ikil'it?[:li~t'% I.~I~ ~r~iVIIl~ t | i r  I t.ft~=l|..ll~_,. }t~l' i%,~'ll~h [I l l ;  ~I'OIL~{{ I~ | l ro|vosed. Ou:lll%~ the  IrltkSlUl~Ceft~lt~ll~k~ 
I1"  i l l U ,  a l l t l  ~*J';IS f o r  iWOCI:L-~Ia 9 Ir l  l t l ~  OI l | l O .  ~uan=ilt]{i%*k) ~ [ . l t  JhoMl~ bl~ I.~112 ,f ~O ~l"t¢l Iu l l es t  e x t v n t .  

pcca tu reRank ine  [vat}or) c y c l e s  u s ing  o r g a n i c  f l u i d s  o r  :L.J'.,onia a r e  s u i t a b l e  
wi th  £cothermal  o r  s o l a r - t h e r m a l  c n v r g y  s o u r c e s  and a s  bo t toming  c ) ' c l e s  

am po tcc rp lan t s .  The t e c h n o l o F / c  s f o r  d e s i g n  o f  power c o n v e r s i o n  sys t ems  
thr.-e applicax~ons arc so si~.'.ilar that overall program costs will be diminished 
~glc, integrated R6D Drogr.~n. is conducted on xF, ese po~cr conversion systems 
than three independent, duplicating programs. 
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I!. ~c.Vr:LOP;,'~NT :,'.lLFSTO;~F-S (nur"bce'¢cc~ eo.h'~uiivel~) 

(Llm~g Title 01' ,%filg*tone to ~O ~ , ~ e t e ~ t  a . d  epaeea) 

:w : c = ~ r a t u r e  cold vapor bottoming cycles  

:n~ine ~o:~c~ing cyc!es for increased power plant e£gtcienc7 
n col~ re~ions 
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(t) [2S" (3) 
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(Non-,AcM) FY 197$ FY 19"/6 
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3.0 2.8 $.0 $ 
J i 

b. CO:,;.'STR~CTIO.'~ (Step. lor detalO 
Tc:o! C:~s'Lou¢t~On Floc~uirements fj'~om D ~ d t ' . ~ , t 0  

e.. ECUIP.*~E.~iTt~,r~. f ~ t t u c r , *  
T,Jta! Et:.,pment Reglulr~m .~.~ (,h,tmt D G / ~  ~ U  

¢. GRA;,TD TOTAL--O~/.IGATIO,~'S 

L G PJt,~ O TOTAL..-OUTLAYS 

i I 

S . ,  m 

% 

• . .  * * . t .  

V 



++ 
(41 ~ )  

I ~  Ig ' t7  FY' 19",~ 

8 

$.(~ 5 .1  

i 

i i 

S.__.9_O 

$ . 1  

% 

i 

5 . 0  5 .1  

5.__.L 

5.1  

FY 1~}79 

Ob:s. Ouztays 

5.0  

t?) 

Su~'.o:at 
FY 1975-79 

Ob;$. Ou-;~$ 
,, ,,,,, 

s . ;  1_~0,0 ' ~9.o 

ii " 

l 

I 

I 

+l, 

;.~ "'t+_A 

I I 

| . . . . .  r~ .  + 

" ; 4  

, , , ,  , .~+ .  

. ;~  
' i r . .  ' ;  

t " ' !!+{i+ 
, i!i. 

+ o o  , +,~.o ++'-"' +i~ 

! 
au u i 

i 

,e 

A tx.lef c~scrJ~ of ..he Coopeeadvo p~ro..-.'r0ms and t;'~, rstiOnaIe for Z~e dlvtsto,"z of fz,md;n~ 

I • 

, .~ p. 

~.~.~ 
i . ~ .  
i U  .~ 

• , f  , 

l |  ! ° : ... : 

ii + 

t; + ~.' 
il i "+ 

L "~¢~_n : .  ~ 9 o  .~ ~-' 

i I ;. 
t e  . ~  o 

°! 
j ,  

:.. 

.I 

' i  I 

' i 

~, P I  g, 'x - - "  " 



E : : ' ~ ' G Y  F..-~S-ARC.N A : :D  DEVELO,": . ;ENT FACT SHEET (Cont;nued} 

,~:L ~.-" F;,.,~'~I.'~.~ flFCi.:;,~.~:.',--?=,,';'S_F~era/Governmenz Only (tr. m~,l;o~, ofdolZam) 

; t !  D )  
i :Y 1974 

of P .e'R.o:m;r~l Orl~ni-J:;on: 

ITEM 

TOTAL (C=n,:~ fom,~d 
to =ummorse .he~t) ~=, 

MANPO%'ER 
MATE RIALS 

MAJOR PROCU R E;,.:ENT5 

ALL OTHER 
TOTAL FOR TH',S PERFO'RMING ORGANIZA'riON 

131 ( 4 )  

O.SO I 0.45J O.SO] 0 
2.sol z.ssJ 4.SOJ 4 

MANPOWER 

M, ATE R IAL.,~ 
MAJOR PROCUREMENTS 

ALL OTHER 
TOTAL FOR THIS PERF01:~.IING ORGANIZATION 

• " ~  : f F't~:c-min; O:i;',n.:Zation: 

MAINPOW.=R 

MATERIALS 

MAJOR PROCUREMENTS 

ALL OTHER 
TOTAL FOR THF~ PERFORMING ORGANIZATION 

s.~4 OI P~,-~rn'~l; Orl;snizat;on: 

MANPOWER 
MATE RIALS 

MAJOR PROCURE:.:E NTS 
ALL OTHEt-: 

T~)TAL FDR THIS PERFOR.V, ING ORGA~IZATIDN 

! 



I ! 

(4} 

FY 197"/ 

[5} 

ICY 1978 ~gTG 

Out.lm, s 

i 1.8 S.o ~.'; 
1 

i 0 .45 O.SO O.SO 0 .80  0.75 1 .5  1.6.5 3 .8  
1 .35 4 .50  4 .60 4 .20  4.35 3 .5  3.4.5 15.2 

.=.:t ;:t "-':JM 

(6) {7) 
FY 197@ l| SUS~'OTAL 
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NA.'4~, OF CO,NT;;ACTOR: 

~. f~;s[r DEscnlPTION OF 
Pi',~"OSAL 
(.~.'~ n:,o~-e fh.-~ 2 4  l~ncs o f  tex f  
end n o  m~ye l l .=n 70 <harnctcn 
I nJ  I . ' ~ ¢ 1  ~ ¢ r  i incJ 

~f;cf ;y t 'u l l ine nalur~ 3nil ScoDe 
Ol r .o~ .  I0 ~J~ unc~c.-t~ken. - 
~ l u d , ~  any r,'%'z f a c i h ~ e s  
~'.Id=.~ r ~ y  hoc~ ZO be acquired 
or £on~lruc~ed. 

:;O';~ ~ELi~CII'D 

S,te whc,  e w o r k  w,,t  De ,':or lo t  ~-:d ~" i S~e- I c°~'y 
N A M S O F C O ~ T n A C T O R :  

S i : e ~ ' h c r e v . c r k  v . s t l ~ = e ) e r ~ o r n ~  I1~; State:  I Cour*,ly: 

No~,'-':,F GF C.'2.'JTIR;,CTOR: 

~er lo r r~d  ll~ I [ 

s 

Develop turbo =achinery capable of  developing useful  power leve. ~ 
from lo~  temperature  h e a t  sources such as s o l a r ,  geothermal,  o r  h 
nov d£scharged f=omlste~m and Z.C.  engines - a p p r o x i = a t e l y  250 o 

~o 400 ° F. Organic ~ork ing  ~lu~ds such as: 150 3ucane, a~=onia -  
~he £~eons. Develop reou£red technology to design and cons~ruc~ 
2S ~ e  system by approx imate ly  1 9 8 0 .  " 

l 
6. JUSTIFICATION [U*e = ~ , = t ¢  i k t e t ( O .  See I t e m  6. on Iml~quctio~ S P i e L )  

7 . . M A J O R  RESOURC---. REQUIR- ' -MENTS :~ 
a RESOURCE I 

y F I S C A L  Y E A R  I~ 

a. MANPOWER ( l | , ~ ; e n ; i f i ¢  

|14 ~ 7 m )  {2) Technical 

.[3) SuoDor~ 
_ (4) O:her 
b. RAW MATERIALS 

t l . iJl mottri.~t~ and  zm:.:s o f  
measure b¢lom, xuch as toPJ o f  
eoer. bom.ls o f  oiL K~Zoemma of 
IIIrllh.~Mm. etC...~hU~O a m o u n t  01" 
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~evelopment of a botteminZ cycle for the HTGR.gzs turbine system 
will be carried out and a test facility built• Demonstration by 1985. 
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