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Abstract  Propulsion Concopts 

Many advanccs can be ant ic ipn tad i n  propulsion 
eystems f o r  a i r c r a f t  i n  t h e  next 20 years,  This 
paper presents  a sampling of probable f u t u r c  engine 
typne, euch a s  conver t ib le  engines f o r  he l icopters ,  
turboprops f o r  fuel-consemative a i r l i n e r s ,  and 
var iable-cycle  engines f o r  eupersonic t ranspor ts ,  
This i s  f o l l o w ~ d  by a b r i e f  rcvicw of r e l a t ed  tech- 
nology improvement6 i n  propcl lers ,  mater ia ls ,  no i se  
suppression,  e t c ,  

Introduction 

The ern has long passed when the  fo recas t e r  of 
f u t u r e  a i r c r a f t  developments could simply say "far-  
t he r ,  higher,  and f a s t e r .  " Divernc economic, socie- 
t a l ,  and mi l i t a ry  f a c t o r s  have imposod new needs 
t h n t  a i r  vehic les  must respond to ,  However, prQ)\sc- 
t i ng  t o  the  year 2000 docs h o t  fo rce  supernormal 
presc ience  on t h e  propulsion system fo recas t e r .  
This is only 20 years hence, and s ince  the  devclop- 
ment time f o r  an all-new engine i s  usual ly  i n  t he  
order  of 10 years,  t he  shape of th ings  t o  come i s  
neces sa r i l y  r e l a t ed  t o  adv~nccd concepts t h n t  a r c  
now under study i n  t h e  laboratory.  Accordingly, t he  
approach of t h e  present paper i s  t o  be guided heav- 
i l y  by the  oppor tuni t ies  f o r  improved engines t h a t  
w i l l  be  afforded by the  advanced research  tha t  is  
happening now o r  expected i n  t he  next  few years.  
This research  takes  place in  many i n d u s t r i a l  and 
g o v e m e n t a l  l abo ra to r i e s ,  although l a c k  of time t~ 
expand on the  author ' s  l imi ted  background has re- 
s u l t e d  i n  g rea t e s t  r e l i ance  on work within NASA. 

A s  noted, fu tu re  a i r c r a f t  and t h e i r  associa ted  
propulsion systems e r e  shnped by t h e  needs of t he  
user  and the  surrounciing socie ty .  A present percep- 
t i o n  of s i g n i f i c a n t  technology d r ive r s  includes t he  
following, self-explanatory f ac to r s :  

- High p r i ce  and l imi ted  a v a i l a b i l i t y  of f u e l  
and s t r a t e g i c  mater ia ls  - Environmental protec t ion  (noise,  emissions) 

- National defense - Enhancing corporate o r  na t iona l  market. 
competitiveness 

- Higher product iv i ty  and/or lower cos t  - Air l ine  deregulation - Airpor t  congestion 

Predic t ing  exact ly  which propulsion develop- 
ments w i l l  achieve f l i g h t  s t a t u s  a t  any pa r t i cu l a r  
time i s  very speculative.  And it is not my i n t e n t  
to  review a l l  on-going research programs t o  assure  
t h a t  nothing important is omitted. Rather, I w i l l  
d i s cuss  a l imi ted ,  but representa t ive ,  number of ad- 
vanced engine concepts t h a t  could be  i n  operation i n  
20 years  in response t o  t he  l i s t e d  technology driv- 
e r s .  This w i l l  be followed by a review of se lec ted  
technology elements t h a t  probably w i l l  be ava i l ab l e  
f o r  u se  i n  such engines. 

* 
Chief, Mission Analysis Office; AF, AIM. 

This s cc t ion  p re sen t s  desc r ip t ions  of s eve ra l  
udvanccd-propulsion systems thn t  a r e  appl icable  t o  
expected f u t u r e  a i r c r a f t ,  They a r e  arranged gencr- 
a l l y  i n  order  of increas ing speed. 

Rotorcroft  

It i s  l i k e l y  t h a t  fu tu re  n i r c r a f t  i n  t h i s  ca tc-  
gory w i l l  co~ lp l e  t h e i r  ve r t i cn l - l ' l f t  cupabi l i ty  with 
lligher product iv i ty  i n  terms of f j r ea t c r  range, s i z e ,  
and considerably higher speed (especia l ly  f o r  c i v i l  
appl ica t ions)  , This w i l l  become. f e a s i b l e  through 
ndvanced l i f t  systems such a s  tilt ro to r s ,  tho nd- 
vancing b lade  concept (ADC), o r  stoppcid/stowed ro- 
tors .  A promisirrg propulsion approach f o r  such vc- 
h i c l c s  i s  t h e  conver t ib le  cngine (Fig. 1)  , which can 
a l t e r n ~ a t e l y  d r ive  t h e  l i f t  system a t  takeoff and n 
forward-thrust device during c ru i se ,  usunlly through 
t h e  use of gears and c lu tches ,  

General Aviation 

The conventional spark-ignit ion engine has 
served smal l  u i r c m f t  w e l l  f o r  many decades, Sig- 
n i f i c a n t  improvements h6ve been e f f c red  throughout 
t he  years  (c.g,  , f u e l  i n j ec t ion  and turbocharging) , 
and f u r t h e r  advances a r e  l i ke ly .  A more r a d i c a l  
stel)  forward tha t  is now receiving a t t en t ion  i s  t o  
in t roduce  a d i e s e l  cyc l e  (Fig. 2 ) ,  It i s  projec ted  
t h a t  a major reduction i n  s p e c i f i c  f u e l  consumption 
can be obtained, whi1.e weight i s  competit ive o r  even 
improved versus  today's conventional rec iprocat ing  
engines . l  When i n s t a l l e d  i n  two "paper" a i rp l anes  
of equal performance, t h e  d i e s e l  conferred a reduc- 
t i t n  of 41 perccnt i n  f u e l  burned and 39 perccnt i n  
!-year opera t ing  cost.* A fu r the r  advantage is  rc- 
.ief from s o l e  r e l i ance  on av i a t ion  gasoline.  This 

'very advanced, l i g h t  weight, two-stroke-cycle concept 
requires  major advances i n  technology, f o r  example, 
ccramic-insulated ("adiabatic") combustion chamber, 
variable-compression p i s ton ,  e f f i c i e n t  high-pressure 
and high-temperature turbocharger. 

Another a l t e r n a t i v e  intermittent-combustion 
concept i s  t h e  xotory engine. It has inherent ad- 
vantages of smoothness, s imp l i c i t y ,  compactness, and 
l i g h t  weioht. With t h e  u se  of d i r e c t  i n j ec t ion ,  
s t r a t i f i ed$ -cha rge  combustion, it too has mul t i fue l  
capab i l i t y .  For improved performance, it would a l s o  
bene f i t  from c6 iaba t i c  combustion and turbocharging 
o r  even turbocompounding. 

Of course,  another p o s s i b i l i t y  i s  t o  extendthe  
use of turbinn rngines,  already predominant i n  a l -  
most a l l  o the r  segments of av i a t ion ,  down i n t o  t he  
mnaller, lower-ggwered c l a s se s  of a i rp lanes .  Despite 
t h e i r  appeal  duo to  low weight, low v ib ra t ion ,  and 
good du rab i l i t y ,  such engines have been impeded by 
the  two b a r r i e r s  bf high c o s t  and poor performance 
in small  s i ze s .  However, a recent  s e r i e s  of stud- 
i e s  by seve ra l  engine manufacturers has indica ted  
t h a t  major improvements can be  ex ected fo r  tutbo- 
props i n  t he  300 t o  600 hp range.$ Acombination o f  
low-cost design,  improved technology, and high-vol- 
ume manufacturing in  a dedicated f a c i l i t y  promises 



c o s t  red~rc t ione  of about; 60 percent,  Coupled wit11 a 
s p e c i f i c  f u e l  consumption improvement of about PO 
percent ,  t he  b c n a f i t  of fered  t o  t h e  a i rp l ane  i s  oub- 
s t a n t i a l  (Fig. 3). 

Tha a v a i l a b i l i t y  of these  a l t e r n a t i v e s  f o r  use 
kl fu tu re  a i r c r a f t  is doponddnt on whether resources 
a r e  expended, f i r s t  f o r  rosearch,  and l a t e r  f o r  de- 
velopment, c e r t i f i c a t i o n ,  tool ing ,  e tc .  lloWever, i t  
i s  c l e a r  t h a t  t h e  po ten t i a l  f o r  fu tu re  gsncral-nvh- 
t i o n  propulsion systems tbt a r o  aubstant in l ly  bet- 
t e r  thon those of todny does ex i s t .  

Short-Haul Propulsion 

The problcms of increas ing a i r  conge~ t io !  and 
grou~ld access t ime t o  reach a i r p o r t s  hnve l e d  "o 
~ u g ~ t t s t i o n s  t h a t  a i rp l anes  operbting from clot  . . k q  
a i r p o r t s  would o f f e r  a s i g n i f i c a n t  benef i t  t o  the  
n a t i > n 1 s  a i r  t ranspor tn t fon system, To be a guod 
neighbor, these  a i rp l anes  would have to  be  u n ~ s u a l l y  
q u i e t  and probably would have t o  operate from ra the r  
s h o r t  runways. Vehicles using the  propulsion system 
t o  augment the  wing l i f t  a r e  n possible way t o  nch- 
i e v e  t h i s  goal. The QCSiSE (Quiet Clean Short-Haul 
Experimental Engine) system sketched i n  Fig. 4 i e  an 
example of an engine s u i t a b l e  f o r  such duty.*' A l -  
though the  QCSEE demonstration u t i l i z e d  on ex i s t i ng  
core ,  i t  i s  no t ab le  f o r  the  many advanced-technology 
f e a t u r e s  a s  shown, which w i l l  l i k e l y  be incorporated 
in many fu ther  designs.  

Fuel-Conseryalti.e Turbofans 

Low f u e l  consumption has always been a major 
goa l  f o r  commarcinl a i r  t ranspor ts .  Hcwever, tk,r 
d r ama t i cp r i ce inc reasesandshor t ages  of f u e l  i n  re- 
c e n t  years have focused new a t t e n t i o n  on t h i s  char- 
a c t e r i s t i c  of engine performnnce. NASA's E3 (Energy 
E f f i c i e n t  Engine) progrnm i s  present ly  o t t l v i n g  f o r  
ndvnnces i n  technology t h a t  w i l l  demonstrate a re-  
duct ion  of a t  l e a s t  12 percent in spec i f i c  f u e l  con- 
sumption (SFC). The design o f  P r a t t  & Whitney i s  
p ic tured  in  Pig. 5. A p i c tu re  of t he  General Elec- 
t r i c  design would appear q u i t e  s imi lnr .  The most 
obvious f ea tu re  t h a t  i s  d i f f e r e n t  from current  en- 
g i n e s  i o  the  mechanical forced mixer. Other changes 
t h a t  a r e  not apparent include moderate increases  i n  
bypass r a t i o ,  o v e r a l l  pressure r a t i o ,  and turbine- 
I n l e t  temperature. The components incorporate such 
f e a t u r e s  a s  higher s tage  loadings and e f f i c i enc i e s ,  
a c t i v e  clearance contro l ,  and b e t t e r  mater ia ls .  

The E3 technologies should be sr!itable f o r  use 
in new engines t h a t  a r e  developed durlng t h e  l a t t e r  
1980's. S t i l l  more-advanced designs w i l l  be  n t ta in-  
a b l e  by 2000. It seems most l i k e l y  t h a t  these  de- 
s i g n s  w i l l  cont inue  the  evolutionary t rends  towards 
h igher  pressure r a t i o s  (reaching perhaps 45:l)  and 
h igher  turbine- in le t  temperatures (perhaps 2600° t o  
2800' F). The u s e  of geared f ans  w i l l  a l s o  allow 
inc reases  of bypass r a t i o  i n t o  t he  10 t o  12 range. 

The i n i t i a l  s t ud ie s  t h a t  l ed  to  t h e  E3 program 
a l s o  considered a l a r g e  assortment of unconventional 
concepts t h a t  might represent  impro.~ements beyond 
t h e  turnofan. The only one t h a t  seemed t o  oleri t  
f u r t h e r  a t t e n t i o n  was t h e  turbop7np. The appeal of 
t h e  device l i e s  i n  i t s  high propr?s~ive  e f f i c i ency  
compared to t h e  turbofan (Fig. 6).  It is hoped t h a t  
t h e  high e f f i c i ency  thnt  was ava i l ab l e  i n  t h e  Elec- 
t r a s  of the 1950's can be combined with t h e  higher 

speeds of modern turbofans through tho  use of nd- 
vunced propel ler  tecilnology (discussed l a t e r ) ,  It 
present ly  appcnre q u i t a  l i k e l y  t h a t  t h i s  efficiency 
can'be achieved, which then can r e s u l t  i n  t h e  15- 
percent o r  moro f u e l  savings indica ted  i n  Fig. 7. 
Additionally, the ra  a r e  d i f f i c u l t i e s  associa ted  with 
cabin notso and v ib ra t ion ,  but these  should be so l -  
vable  i n  t he  coming years.  

Improved turbopropa w i l l  a l s o  f i nd  appl ica t ion  
i n  t h ~  smaller,  lower-speed f i e l d  of conunutor a i r -  
planes,  which hnve achieved new a t t en t ion  a s  a con- 
sequence of recent  a i r l i n e  deregulation.  The pro- 
pulsion neuds f o r  t h i s  a i r p l a n e  category a r c  not  so  
much f o r  performnnco a s  f o r  b e t t e r  r e l i a b i l i t y ,  
mnintainabil icy,  and safety.  

Supersonic Transport  

The British-French Concorde has demonstrated 
t h e  appeal of ehortened t r i p  time t o  a s i g n i f i c a n t  
por t ion  of t h e  t ravel ing  publ ic .  By 2000 t h e  tech- 
nology should bc i n  hand t o  o f f e r  an a i rp l ane  t h a t  
couples high specdwithon1:r moderately highcr t i c k e t  
cos t  (5  to  20 percent surcharge over economy c lns s )  
and i s  a s  qu ie t  a s  o ther  paesnnger a i r c r a f t  of t h a t  
e ra .  Noise is  one of t h e  p r inc ipa l  cons t r a in t s  on 
engine design f o r  t h i s  app l i ca t ion ,  The varinble- 
cycle  engine is  one in t e r e s t i ng  method f o r  achieving 
low noise  and nlso  has f u r t h e r  bene f i t s  i t .  improved 
subsonic c r u i s e  and hold, which i s  a necessary ro- 
quirement f o r  p r a c t i c a l  opera t ions ,  Figure B pic- 
t u r e s  a current  concept by General E lec t r i c ,  which 
f ea tu re s  two bypass streams, va r i ab l e  mixers t o  com- 
bine  o r  separa te  t he  streams a s  desired i n  f l i g h t ,  
and a flow l n v e r t e r  i n  t h e  nozzle f o r  no i se  attenua- 
t ion .  Other appronchcs a r e  being s tudied  by P m t t  6 
Whitney and NASA. 

Variable-cycle concepts w i l l  n lso  f i nd  use  i n  
o the r  vehic les  t h a t  opera te  over a wide va r i e ty  of 
conditions.  These might include hel icopters ,  VTOL, 
and severa l  mi l i t a ry  n iss ions .  As always, t h e  de- 
s igne r  w i l l  have t o  balance the  complexity and cos t  
of providing varying degrees of f l e x i b i l i t y  agains t  
t h e  benef i t  t o  t h e  mission. 

Mi l i t a ry  Applications 

Mnny f u t u r e  mi l i t a ry  nee l s  con be s a t i s f i e d  by 
t h e  same technologies involved i n  the  previously 
described c i v i l  engines. However, t he re  a r e  cer- 
t a i n l y  a number of unique appl ica t ions  t h a t  must be 
addressed. For exnmple, high-performance f i g h t e r s  
r equ i r e  light-weight engines together with super- 
sonic  capabi l i ty .  It seems reasonable t o  projec t  
t h a t  f u t u r e  f i g h t e r s  w i l l ,  i n  f a c t ,  a t t a i n  t r u e  BUS- 
t a ined supersonic c ru i s ing  a b i l i t y ,  r a t h e r  than the  
b r i e f  dash a b i l i t y  of today. 

Extrapolation of today's knowledge suggests 
t h n t  these  f u t u r e  engines w i l l  not  be too unl ike  
those of todny. Evolutionary progress from such 
m i l i t a r y  programs a s  ATEGG, APSI, and JTDE w i l l  no 
doubt continue the  trend toward higher combustor 
temperatures, perhaps together  with variable-geom- 
e t r y  turbines.  Continued emphasis on reduced l i f e  
cycle  cos t s  w i l l  probably lead  t o  extensive use  of 
a common core f o r  mul t ip le  app l i ca t ions , a s  s t r e s sed  
i n  t h e  r ecen t ly  s tn r t ed  ATES program (AdvancedTech- 
nology Engine Study). New requirements such a s  re- 
duced radar  and I-R cross-sections o r  maneuvering 
t h r u ~ t  would in f luence  i n l e t  and nozzle designs. 
Unusually shaped and posit ioned i n l e t s  o r d e f l e c t i n g  



two-dlmenaional exl,auat nozzles can be  an t i c ipa t ed  
(Pig, 9) 1 

Any discuss ion of fu tu re  a i r c r a f t  muot mention 
v e r t i c a l  takeof f , espccinl ly  because of t h c  i n  ten- 
s i v e  e tudies  t h a t  a r c  currently supported by t l ~ e  
mi l i t a ry  ( t h e  Navy i n  pn t t l cu l a r ) ,  Sincc theac  vo- 
h i c l ee  nre proposed f o r  both subsonic and oupcroonic 
mieeiona, a bewildering va r i e ty  of propuloion con- 
c e ~ c s  ha8 been considered in t he  pos t*  As a s ing le  
cxam?le, Pig, 1 0  shows B fixed-nacelle a i rp l anewi th  
a tandem-fon propulsion system. Tn t l ~ i o  concept, 
an! h engine has two intatc?nnccted fnno. L i f t  is 
aclrieved by de f l ec t ing  thh flow from t h e  two Eons 
and the engine exhaust. 

Because of t h e  weight and i n s t a l l a t i o n  pennl- 
t i e o  aeeociated with providing th rus t  capab i l i t y  
considerably g r e a t e r  than a i rp l ane  gross  weight, 
p lu s  tho need f o r  propulsive contro l  of a i rp l ane  a t -  
t i t u d e  during takeoff and landing, any VTOL vek ic l e  
i e  apparently a t  an inherent disadvantage t o  its 
CML counterpart .  Tlie goal  of t h e  propulsion syec- 
ia1Lst in f u t u r e  yenro i s  t o  minimize t h i s  disadvan- 
tage ,  so t h a t  t h e  VTOL opt ion i s  nva i l ab l e  a t  a rea- 
sonable cos t  t o  t he  user ,  

The i n i t i a l  s t eps  now being taken toward the  
u s e  of c ru i se  mi s s i l e s  w i l l  tio doubt be well-estab- 
l i s h e d  by 2000. Improvements in t he  technologies of 
smal l  components w i l l  y ie ld  major  improvement^ be- 
yoad today. Innovative concepts l i k e  Teledyne's 
Excentric Enginc (Fig. 11) may help t h i s  t rend,  This 
scheme mounts t h e  complete high-pressure spool of f -  
s % i c  t o  the  r e s t  of t i i ~  ailgine. Since the  high- 
preosure s h a f t  then need not be hollow, t h e  blade 
hub rndius can be smaller,  and the  u l t imate  e f f e c t  
is higher compressor and turbine  e f f i c i ency  f o r  
small-sized machines. This benef i t  i s  compoundedby 
t h e  a b i l i t y  t o  now u t i l i z e  high cycle pressure  r a t i o  
without the  u s u a l  component ef f ic iency pena l t i e s .  

Vulnerabi l i ty  considerations may we l l  s h i f t  the  
u se  oE fu tu re  c r u i s e  ml s s i l e s  i n t o  t he  supersonic 
region. Inexpensive turbine  engines a r e  q u i t e  con- 
ceivnble,  bu t  f o r  s t i l l  higher speed and poss ib ly  
lower cos t ,  ramjets  appear t o  be des i rable .  This 
might be an extension of t he  present i n t e g r a l  
rocket-ramjet research.  The probable d i r ec t ions  f o r  
f u t u r e  improvements include variable-geometry i n l e t s  
and nozzles, higher-temperature s t ruc tu re s ,  and 
higher-energy f u e l s .  

S t i l l  h igher  speeds, u t i l i z i n g  scramjets  
(Fig. 12) o r  o the r  exo t i c  engines, a r e  conceivable. 
It is  not  p re sen t ly  c l e a r  t h a t  t he  demnnd w i l l  e x i s t  
f o r  such missiens,  even by 2000. However, t h e  tech- 
nology for  t hese  engines w i l l  probably be  ava i l ab l e ,  
s o  t h a t  the opt ion  can be followed i f  des i red ,  

Advanced Technologies 

Propulsion systems of t h e  types described i n  
t h e  preceding sec t ion  w i l l  be ab l e  t o  p r o f i t  from 
expected technologica l  advances i n  many areas .  It 
may be taken f o r  granted t h a t  continuing evolution- 
a r y  improvements w i l l  be r ea l i zed  i n  p r r n t i c a l l y  
every engine component, both i n  aerodynamic and 
s t r u c t u r a l  e f f i c i ency .  This t rend w i l l  be  acceler-  
a t e d  by the v a s t l y  improved computational and exper- 
imental  techniques t h a t  a r e  now becoming ava i l ab l e .  
(As one example, an MIT-developed code allows ana- 
l y s i s  of three-dimensional flows with s t rong  shocks 

i n  n roknt ing  blade rQw thn t  contoino mid-apon 
dnrnpero. Calculated rcoul to  a r c  cornparod i n F i g ,  13  
with experimcnto uoing a uniquc laoor-fluorcscencc 
technique.) Relntcd chnn~oa  i n  deaign techniques 
w i l l  nlao enhance engine d u r a b i l i t y  and maintoinn- 
b i l i t y  

Without t ry ing t o  oummnrizc the  preoenr o tn tc-  
of - the-ar t  ond 011 of the  expected nJvancco i n  each 
importnnt propuluion d i sc ip l ine ,  t h e  following sec- 
t i ons  w i l l  at tcmpt t o  i d e n t i f y  a number of apcc i f i c  
improvcmcnto (or c t~anpm) t h a t  could havcr aubotnn- 
t i a l  impact by 2000, 

Materialo 

Of a l l  t he  variouo e1eman:s o f  on engine, mn- 
t e r i a l s  a r e  ce r tn in ly  t h e  most pcrvasivc ond pos- 
s i b l y  t h e  moat importnnt. They d i r c c t l y  influcnco 
t h e  weight of each component and, by l imi t ing  t h e  
prebource and tcmperntureo, have a mojor e f f e c t  on 
t h e  o v o r a l l  engine t h r u s t  and ef f ic iency,  Looking 
shead t o  2000, we con foreocc nn incraase  of 500' F 
o r  so  i n  tho temperature capab i l i t y  of turbine  ma- 
t e r i a l s  (Fig. 14),  I n  projec t ing  the  f u t u r e  use of 
such advanced ma te r i a l s  a s  f iber-reinforced super- 
a l l o y s  and cornmics, i t  i s  ant ic ipntcd  t h a t  they 
w i l l  become oui tnbla  i n ,  not j u s t  temperature cnp- 
a b i l i t y ,  but  a l l  t h e  necessnry p r a c t i c a l  aspects  
l i k e  r e s i s t ance  t o  thermal f a t i gue ,  oxidation,  cor- 
rooion, and impact, The improved high-temperature 
ma te r i a l s  w i l l  probnbly be supplemented by the  addi- 
t i o n a l  bena f i t  of thermal b a r r i e r  coatings (Fig. 15). 
These in su l a t ing  oxide ceramic l a y e r s  increase  the  
b lade  tcmpcrature copab i l l t y  by up t o  GOO0 F.  

By 2000 t h e  present  research  e f f o r t s  i n  compo- 
s i t e s  should be extcns ively  u t i l i z e d  i n  cold sec t ion  
components, such a s  f an  blades and frames. Their 
low densi ty  and high s t i f f n e s s  and s t r eng th  w i l l  
provide payoffs i n  lower weight and c o s t  and even 
aerodynamic e f f i c i ency ,  

An a d d i t i o n a l  motivation f o r  t he  use of uncon- 
v e n t i o n o l m a t e r i n l s  w i l l  be t h e  probabi l i ty  of con- 
t inuing shor tages  i n  c e r t a i n  c r i t i c a l  metals,  such 
a s  coba l t  and chromium. Ceramics a r e  especinlLy de- 
s i r a b l e  i n  t h i s  l i g h t ,  although a l t e r n a t i v e  metal 
a l l o y s  w i l l  no doubt become ava i l ab l e  i n  t he  coming 
years.  '' 
Fuels  - 

To a l l e v i a t e  t h e  problems associa ted  with pre- 
s e n t  cos t  and a v a i l a b i l i t y  t rends  of petroleum,much 
of t h e  f u t u r e  emphasis i n  commercial engine design 
w i l l  bo on reduced f u e l  consumption. An a l t e r n a t i v e  
(o r  supplement) t o  t h i s  would be t h e  use  of d i f f e r -  
e n t  f u e l s  from t h e  kerosene o r  J e t  A of todny. The 
cryogenics (methane and hydrogen) have mnny v i r t u e s  
i n  terms of engine performance: higher heating 
*rrt;Pge, b e t t e r  cooling capacity,  lower r ad i an t  heat 
lznd on the  combustor wal ls .  However, they a r e  d is -  
advantageous i n  terms of i n su l a t ion  requirements, 
f u e l  tank volume, genera l  d i f f i c u l t y  of handling, 
and (probably) cos t .  For these reasons,  coupled 
wi th  t he  need f o r  a r a d i c a l  change i n  the  associated 
ground in f r a s t ruc tu re ,  i t  seems unl ike ly  t h a t  such 

** 
I n  genera l ,  f u r t h e r  inZormntion on progress i n  

t h i s  t op i c  and most of t h e  remainder of t h i s  paper 
m y  be  found i n  t he  proceedin s of t he  l a t e s t  NASA 
Conference cn Aeropropulsion. f 
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Figure 1. - Hellcopter convrrtible propulsion system. 

LONG-TERM TECHNOLOGY GOALS ( 1 9 8 )  

BSFC: 0.32 - 0.35 iblBhp - hr ;  SP. \VT: 1 . 2  - 1.5 IbWhp, 
EMISSIONS: MEET E PA '80; FUEL: DIESEL 2, JETA: 
COOLING: ZERO OR MINIMAL 

Figure 2. - Lightweight diesel engine research. 
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Figure 3. - Benefits relati to current raipnmting engine. 
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Flqure 5. - Energy efficient engine configuration - Pratt & Whitnay. 
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Figure 6. - Installed propulsive efficiency at cruise. 
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Figure 7. - Trend d potential fuel swings for advanced 
turboprop-powered aircraft (Relative to turbofan- 
powered aircraft with same level of core technology. ) 



Figure 8. - Double bypass enqine. 
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Figure 9. - Stealth configurations. 
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Figure 10. - Representative fixed-nacelle VTOL aircrd!. 
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Figure 11. - Excentric turbine enqine concept (Teledyne). 
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Figure 12. - Hypersonic propulsion. 
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Figure 13. - Projected use temperatures for turbine blade 
materials. 
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Figure 16. - Combustor technology required to use broad-spec fuels. 
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Figure 17. - Fuel tank heating sources. 
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Figure 19. - Acoustic test data. (Scaled to fu l l  
size and 2400 11 sideline. ) 



Figure 20. - Thermal acoustic shield, 
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Figure 21. - Advanced technology concepts. 
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