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FUTURE PROPU1,SION OPPORTUNITIES FOR CMUTER AIRPLANES 

William C. Strack 
Heed. Subsonic Miswiot~r Sect  ion 

National Aeromut ic r  end Space Adminiatrr t ion 
Lewir R e r u r c h  Center 

Cleveland, Ohio 44135 U.S .A. 

ABSTRACT 

A rummrry i r  prerented of  a r e r i e r  of  
r e c e n t  r t u d i e r  t h a t  addrer r  c o m u t e r  a i r p l a n e  
propulr ion oppor tun i t i e r  i n  t h e  1990-2000 

% timeframe. Conriderat ion i r  given t o  
cu advanced technology conventional  turboprop 
r. 
I e n g i n e r ,  advanced p r o p e l l e r r ,  and r e v e r a l  

W unconventional a l t e r n r t  ive r  : regenera t ive  
turbopropr ,  r o t a r i s e ,  end d i e r e l r .  Advanced 
vera ione  of conventional  turbopropr 
( inc lud ing  p r o p e l l e r r )  o f f e r  15-20 percent  
rav ingr  i n  f u e l  end 10-15 percent  i n  DOC 
compared t o  the  new crop of  1500-2000 SNP 
enginer  c u r r e n t l y  i n  developnent . Unconven- 
t i o n s l  enginer could booet t h e  f u e l  savings 
t o  30-40 percent.  The conclusion i e  t h a t  
s e v e r a l  important o p p o r t u n i t i e s  e x i e t  and 
t i lerefore powerplant technology need not 
p la teau .  

AN IMPORTANT PART OF COMMUTER AVIATION 
PROGRESS i s  the r o l e  played by powerplants. 
P r i o r  t o  1964, commuter a i r c r a f t  were compar- 
a t i v e l y  small a i r p l a n e s  designed f o r  genera l  
a v i a t i o n  a p p l i c a t i o n s  and powered by rec ipro-  
c a t i n g  engines. Then i n  1964-65 the newly 
devaloped small turboprop engines ,  the  
Garrett .  TPE 331, and the  P r a t t  6 Whitney 
can ad^ PT6 went i n t o  production and helped 
spawn a revolut ionary t rend i n  commuter a i r -  
plane design and opera t ions  (e.g., Beech 99 
and DeHavilland %in o t t e r ) .  As time prog- 
ressed  these e a r l y  models grew i n t o  f a m i l i e s  
of engines t h a t  now covt!r the  600-1300 SHP 
power rpectrum and competi t ive engines such 
a s  t h e  Allison 250-0178 and t h e  Avco LTP 101 
appeared. Today, almost two decades l a t e r ,  
t h e s e  same engines s t i l l  denominate the  com- 
muter marketplace. During the  same timespan, 
meanwhile, the much l a r g e r  commercial t u r b i n e  
engines  underwent considerably mora change 
culminat ing i n  t h e  high-bypass r a t i o  turbo- 
fans  . a t  have 40-45 percent c r u i s e  thermal 
e f f i c i e n c i e s  compared t o  about 25% f o r  +l .e ir  
s m a l l e r  turboprop counte rpar t s .  

However, t h a t  e i t u a t i o n  is  about t o  
change s ince s e v e r a l  new second genera t ion  
commuter turboprops a r e  now i n  the f i n a l  

r t e g e r  of development: the  P r e t t  b Whitney 
Canade 100 a e r i e r ,  t h e  General E l e c t r i c  CT7, 
and t h e  G a r r e t t  TPE 331-15. There new 1500- 
2000 SNP enginer  w i l l  e n t e r  r e r v i c e  i n  t h e  
1983-1985 timefreme and w i l l  be 15-20 percent  
more e f f i c i e n t  then t h e i r  predecerrorr .  n i r  
improved e f f i c i e n c y  together  with er t imated 
major reduct  ionr i n  maintenance coat  stemming 
from modular c o n r t r u c t i o n  der ignr  rhould 
reduce a i r p l a n e  d i r e c t  opera t ing  cost  (DOC) 
about 12 percent  ( f i g .  1 ) .  Since the dura- 
t i o n  of each new engine generat ion Iollowr a 
10-20 year  p a t t e r n  and s incc  it  taker  about 
10 y e a r s  t o  develop a new engine,  i t  seems 
appropr ia te  t o  nor# inqui re  about th i rd  gene- 
r a t i o n  p o r r i b i l i t i e r - - b o t h  i n  termo of poten- 
t i a l  b e n e f i t s  and a l r o  in  terms of required 
technological  progrera. 

To address  such i s sues ,  NASA sponsored a 
s e r i e s  o f  fu ture  propulsion opportuni ty 
s t u d i e e  a s  per t  oE a broader e f f o r t  t o  
provide guidance f o r  fu ture  a c t i v i t i e s  i n  the  
d i s c i p l i n e r  of a i r f rame structures, aerody- 
nemica, end subsystems a s  well a s  propul- 
sion(1-5)*. The i n i t i a l  propulsion s t u d i e s  
focused on advanced conventional type turbo- 
props and were conducted by Det ro i t  Diesel 
Al l i son(B) ,  Ceneral E l e c t r i c (  71 ,  and the 
Garre t t  Turbine Engine Company( 8 ) .  Common 
grauhdrules  were e s t a b l i s h e d  (Tabie 1 )  t h a t  
recognieed the  upward trend i n  a i rp lane  s i z e ,  
the  need f o r  paaaenger comfort l e v e l s  
approaching 0-737 l e v e l s ,  and the  need f o r  
a i r  t r a f f i c  compat ib i l i ty  with commercial 
a i r i i n e r s  a t  a i r p o r t  terminals. 

INFLUENCE OF PROPULSION PARAMETERS ON OPER- 
ATING COSTS 

In order  t o  g a i n  an apprec ia t ion  of the  
r e l a t i v e  impact of the  various propulsion 
system parameters on a i r p l a n e  economics, a 
t y p i c a l  DOC breakdown i s  displayed i n  f igure  
2. Overa l l ,  the  powerplant d i r e c t l y  impacts 
about 60 percent  of DOC which c e r t a i n l y  
q u a l i f i e s  i t  a s  a t a r g e t  f o r  fu ture  improve- 
ment e f f o r t .  S p e c i f i c a l l y ,  t h e  engine and 
p r o p e l l e r  e f f i c i e n c i e s  a re  of primary impor- 
tance due t o  the  l a r g e  r o l e  played by fuel .  
Improvements i n  powerplant weight o r  c o s t  
would need t o  be an order  of magnitude l a r g e r  

*Numbers i n  paren thes i s  des igna te  References 
a t  end of paper 



than e l  f  ic iancy improvewnt t o  y i e l d  ident  i- 
c a t  DOC reduct ion.  w i n e  r r in tenance  i r  
ahown t o  be about 1 /4  a8 important a8 e f f i -  
c  ienc y i howavr; , t h e  t r u e  impact of  mainte- 
nanco i r  1a;aer r i n c e  achedula i n t e r r u p t i o n  
and loma of  revenuu a r e  o f t e n  involved when- 
ever  unrchedulad mrintonance occurr .  

ADVANCED U)NMNT IONAL TURBOPROP FOWRPLANTI 

m a  t h r a e  e l i n e  companier inver t iga ted  
technologier  appropr ia te  f o r  a  convent ion01 
type of  turboprop t h a t ,  i f  purrued, could bo 
ready f o r  coamrrcial dovalopmant by l988. 
w i n e s  w i n g  ouch technology could not e n t e r  
aervica there fore  u n t i l  t h e  e a r l y  1990'8. As 
a proup, t h e  three r t u d i e r  conr ide  , ad  engine 
a i r e r  r a q i n g  from 1500 SHP, f o r  a  30-par- 
ranger, b c h  0.45 twin-engine a  i rp lano ,  t o  
6800 SHP f o r  a  50-paraanaer, b c h  0.70 twin- 
enpino a i r p l a n e  derianed $or  execut ive t r a n r -  
port a p p l i c a t i o n  i n  addi '  -c;n t o  colrmuter 
r r r v i c a ,  

TECtlNOUHiY-Qnd i d a t e  . 'mponent improve- 
ment* wore i d e n t i f i e d  i n  every major a rea :  
compreraorr,  tu rb iner ,  courburtorr, c o n t r o l r ,  
gearboxer, r h a f t s ,  bear ing  and r a a l r ,  and 
a c c e r r o r i a r ,  Chanker i n  ccrmponent ef f i c ien-  
c i e r ,  we iah t r ,  c o s t r ,  and maintenance were 
est imated t o r  each improvement canchpt. 
lhe re  changer were clren uqad t o  c a l c u l a t e  a  
net  change i n  DOC f o r  each candidate  evrlu-  
a ted.  

Ihe teclrnology r t u d i e r  ured DOC an the  
mrin d i r c r i m i n a t o r  i n  rcreening the  many 
candidate improvement idear  r i n c a  i t  i r  a  
un ivor ra l ly  accepted economic c r i t e r i o n  and 
i r  inf luenced by a i l  of t h e  p red ic tab le  
changer. While t h i r  procedure i r  general ly  
r a t i r f a c t o r y ,  rome p o t e n t i a l  component 
improvementr a r e  not amenable t o  ruclr log ic .  
In rome c a r e r  the important benef i t  i n  not 
r r r o c i a t e d  with the p a r t i c u l a r  component 
under conr idera t ion ,  but i n  o t h e r  componentr 
receiving r y n e g i r t  i c  b e n e f i t s .  For example, 
a  small diameter  composite metal r h a f t  by 
i t r e l f  h a r d l y  r l t e r r  DOC a t  a l l .  Dut because 
tu rb ine  d i r k  bore diameter8 a r e  a l r o  reduced, 
d i r k  r t r e r e  l e v e l s  a r e  lowered and t h i n  
enabler  the, higher turbomachinery r o t a t i n g  
rpeed c a p a b i l i t y  required f o r  h igher  e f f i -  
ciancy and fewer s t a g e r .  

Since each company has i t 8  own componant 
design philorophy and i t r  own l e v e l  of tech- 
nology, i t  i r  not s u r p r i o i n g  t h a t  the  th ree  
t e m r  i d e n t i f i e d  d i f f e r e n t  rpecif i c  technol- 
ogy elementr  t o  achieve improvement. To 
i l l u s t r a t e  t h i r  point c o n r i d e r  comprereor 
technology. General E l e c t r i c  i d e n t i f i e d  a  3 
percent p o t e n t i a l  e f f i c i e n c y  improvement over  
t h e i r  CT7-5 r x i - c e n t r i f u g o l  comprersor while 
main t r in ina  the  rams 17: l  o v e r a l l  pressure 
r a t i o  and reducing t h e  number of a x i a l  s t a g e r  
from 5 t a  3. l h i r  could be accompliehed by 
combining f o u r  d i r t  i n c t  tochnologier  ( f i g s .  
3-4) t 

1. Highly lorded a x i a l  r t a g e r  using 
curtomired a i r f o J  1 s  

2. Spl i t -b lade  c e n t r i f u g a l  impellerr  
3. l a r l o r r  d i f f u r e r r  
4. Part-rpeed r t a l l  mar(lin reduct ion 
Advanced t h m e d  imonriooal, high-rpoed 

bide denign tectrniguer could provide tho 
c a p a b i l i t y  of r c c u r r t e l y  g e n e r a t i q  curtom- 
i red  a i r f o i l r  t a i l o r e d  t o  the  r p r c i f i c  flow 
condi t iona  enperiencad by a r c h  b l ~ d e  row. 
Applyiiq t h e r e  toclrniquer t o  low arpec t  r a t i o  
a x i a l  b lader  would increaro  o v e r a l l  comprer- 
r o r  e f f i c i e n c y  by one point and pana i t  t h r e e  
r t a g e r  t o  do t h e  job of f ive.  In tho r p l i t -  
blade impel la t  concept ,  t h e  c o n t r i f u a a l  r t a p e  
i r  r p l i t  i n t o  a  repara te ly  hladrd inducer 
r e c t i o n  and an impeller  rec t ion .  Thir  per- 
mitr  t h e  inducer r e c t i o n  t o  handle tho t ran-  
sonic flow more o f f  i c i o n t l y  than a  conven- 
t i o n a l  continuour impeller  b l rde  by accomno- 
da t ing  higher  rpanwire t w i r t  g r r d i e n t r  t o  
b e t t e r  con t ro l  both the  blade loading and the  
parrage t h r o a t  contour  t o  avoid choking. 
Higher i n l e t  Mach number8 a r e  penni r r ib le  
without cauring repara t  ion on the  rcrc t ion 
r i d e  of t h e  blader .  l a  add i t ion ,  a  f resh  
boundary layer  i r  i n i t i a t e d  by the  impeller 
leading edge. T11a r u c c e r r f u l  enecut ion of 
t h i r  concept depend8 upotr the  developmant cf  
three-dimonrional,  vircour  flow a n a l y r i r  
computational metlrodr 11ot yet  crvailablc. A 
one t o  two point i a n t r i f u g o l  mtage e f f i c i e n c y  
improvement i s  porr  ib le .  

The CT7-5 d i f f u r e r  dcrmpr low-rpeed com- 
pre r ror  d i r c h r r g e  a i r  i n t o  a  ple~run~,  derwi r le  
i t ,  then d i scharyar  i t  i n t o  the  combustor. 
An advanced d i f f u r e r  could avoid the  i n i t i a l  
dump p r e r r u r e  l o r s  by c o n t r o l l i n g  the  parlrage 
contourr  t o  derwi r l  tlra flow clr i t  n a g o t i a t s r  
the rad ia l - to -an ia l  turn. I l l i s  could 
increare  the  centriEuga1 s t a y s  e f f i c i e n c y  one 
point.  An addi t iona l  one point may be 
achievable by reducing the  d i f  f u r e r  th roa t  
blockage with wall bleed. There two rub- 
elementr c o ~ l d  c o n t r i b u t e  a  t o t a l  of two 
po in t s  t o  c e n t r i f u g a l  a tage eff; .ciency 
(equivalent  t o  one point o v e r a l l  ax i -can t r i -  
fugal af  f ic iency) .  Anothar concept t o  
increare  comprerror ef  f ic iancy (by 0.5 po in t )  
18 the  e x p l o i t a t i o n  of d i g i t a l  e l e c t r o n i c  
con t ro l  system technology by ad:'.ing a  corn- 
p ra r ror  d i r c h a q e  Mach number (Mg) renoor 
t o  schedule a c c e l e r a t i o n  fue l  a r  a  fur!ctic., 
o f  Mg on a  cloned-loop basin.  The improved 
t r a n s i e n t  behavior could reduce tlic required 
surge margin al lovanee and u l t imate ly  p c n i t  
higher comprarsor e f t  i c i e n c i o r  in  thr Irigtt 
rpeed opera t ing  range ( f i g .  4).  

D e t r o i t  Die re l  A l l i r o n ' r  comprerror eval-  
uat ion a l r o  showed improvad component per- 
f o ~ n a n c e  ( % 4 percen t )  r e l a t i v e  t o  t h e i r  PD 
370-37 b a r e l  ine ( a  turboprop vers ion  of the  
T701). Item6 i d e n t i f i e d  include:  

1. Paanive c l e a r r n c e  cont ro l  t o  reduce 
blrde t i p  c lea rances  by 15 percent  (1.1 
pePcent DOC reduct ion)  

2. Abi l i ty  t o  p red ic t  comprcrnor 
r o t o r / c a r c  rarponre during r o t a t i n g  r t r l l  t o  
reduce t i p  c l e ~ r a n c a r  and reduce the  number 
of r t r g e r  o r  e l imina te  a  bearing and i t s  
support e t r u c t u r e  (-1.3% DOC). 





Darpite t h e  high perforrance leve l#  cur-  
r e n t l y  a v r i l a b l e  o r  in  development (0.87 
c r u i r e  e l f  i c i e n c y ) ,  recent technology r t u d i c r  
by Hamilton-Standard, the HcCauley Divir ion 
oC C.rrsa ,  and Furdue ~ n i v e r r i t y ( 9 - 1 0 )  have 
i d e n t i f i e d  important  f u r t h e r  oppor tun i t i e r  
f g .  1 1  P r o p l e t r  o r  bi-blader  could 
increase e f f i c i e n c y  nearly 2 percent  through 
reduced t i p  lonaer .  Mvmced u t e r i a l r  corrld 
reduce fuel  conrumption about 1 percent 
through d i r e c t  blade w i g h t  ravingr  and sven 
l o r e  i n d i r e c t l y .  t h e  i n d i r e c t  benef i t  a r i r e r  
from the a b i l i t y  t o  ure more b lader  while  
maintaining r u f f i c i e n t  blrzie re ten t ion  
r t r e n g t h  i n  th* th inner  root r e c t i o n r .  Thir 
p e m i t r  more e f f i c i e n t ,  l i g h t l y  loaded blader  
with a c t i v i t y  f a c t o r r  about 70 compared t o  
c u r r e n t l y  l i m i t i a y  valuer of 90-95 t h a t  w u l d  
be c o n r t ~ c t e d ,  f o r  enample, with a  r t e e l  o r  
metal mrtr in  r p a r  with r Kevlar o t  g raphi te  
o h e l l .  The r h e l l  could be load-rharing,  
u n l i k e  c u r r e n t  d e r i g n r ,  and t h e  blade rpe- 
e i a l l y  t a i l o r e d  t o  avoid a e r o e l a r t i o  f l u t t e r  
problemr r t  high prope l le r  rpeedr. 

Another a t  t r a c t  ive concept i r  uyncliro- 
pharisg the l e f t  and r i g h t  p r o p e l l e r r  t o  
within a  t e c h n i c a l l y  chal lenging one degree 
i n  phara angle.  Enperimental evidence ind i -  
c a t e r  that  an 8 dB noi re  reduct ion p o t e n t i a l  
c a i r r e  f o r  p r c c i r i o n  rynrhrophcrin8 which 
could e l imina te  l a r g e  furelvge acour t ic  
weight p e n a l t i e r  f o r  typ ica l  wing-mounted 
engine conf i g u r a t i o n r  (800' lb. r a v i v r  f o r  
30-prrrenger, Mach 0.45 a i r p l a n e r  with 8-73? 
c a b i n  noire  l e v e l ) .  

There advanced prope l le r  conccptr could 
reduce fuel  burned  bout S percent  r e l a t i v e  
t o  the beat of today 'a p r o p e l l e r r  arrumirrg no 
prec i r  ion rynchropharing weight raving o r  7 
percent  inc lud ing  i t .  n ie  correrponding DOC 
benef i t8  a r e  3 percent  and 6 percen t ,  rerpec- 
t i v e l y  ( f i g .  12). 

OVEKALL POWERPLANT BENEFlTS-nre value o f  
u r ing  advanced technology war e r tab l i r t red  by 
Irypottretically i n r t a l l i n g  n ~ c t i  powerplanta i n  
30- and 50- pasrenger  a i r c r a f t  r e s i t e d  t o  
accomplish a f ixed  mireion and comparilr$ tlre 
r e r u l t a  with r i m i l a r l y  flown e x i r t i n g  and 
mid-1900'r engine8 ( f i g .  1 3 ) .  'Rre combined 
DOG benefi t  inc lud ing  eu~girre, gearbox, pro- 
p e l l e r ,  and n a c e l l e  impr'ovcmenta i r  er t imated 
t o  be 9-13 percent  r e l a t i v e  t o  the recond 
generat ion powerplantr now i n  development. 
I h e  correrponding fuel  saving i r  15-19 per- 
c e n t  ( f i g .  14) .  

Tlie foregoing conventional engine oppor- 
t u n i t i e a  o f f e r  a ign i f  icant  b e n e f i t  p o t e n t i a l  
yet  a r e  pomewhat restricted i n  acope when 
viewttd from a t o t a l l y  open per rpec t ive .  
Since engine e f f i c i e n c y  e x e r t 8  ruch a  power- 
f u l  influence on a i rp lane  DOC, i t  i r  l o g i c a l  
t o  extend the  inver t igo t ion  t o  include fur -  
t h e r  out f u e l  roving tachnologier  ruch a8 
regenerat ive t u r b i n e  onginer and advanced 
in te rmi t ten t  comburtion enginer .  I n t e r e r t  i n  
auch engines has  been almort non-cxir tent  f o r  

commuter a p p l i c a t i o n r  ye t  recen t ly  completed 
analyses o f f e r  evidence t h a t  they ought t o  be 
taken more aer ioua ly .  

TURBINE ENGINES-'RI~ pra ren t  r t a t e  of 
propuleion technology f o r  low-powered a i r -  
c r a f t  i r  depicted i n  f i g u r e  15. Turbine 
e w i n e r  a r e  the  p re fe r red  type of powerplant 
but t h e i r  e f f i c i e n c y  worrenr a r  r i r e  i r  
reduced. n . i r  adverre  t rend eventual  iy 
becomer 80 aevere t h a t  below 100 SHY pi r ton  
engine8 a r e  more competi t ive--part ly  due t o  
t h e i r  higher  rf f i c  iency anat par t  ly  becaure 
they c o a t  1 / 3  a8 much a8 similar mired tu r -  
bine enginer. Even i n  tlre 1500-5QQO SHY 
category,  though, tu rb ine  enginer  a r e  113 
l e r r  e f f i c i e n t  than t h e i r  l a n e  commercirl 
counte rgar t r .  The fundamental rearon f o r  the 
poorer rmall engine e f f i c i e ~ r c i c r  i s  the  prac- 
t i c a l  l i r e  l i m i t  (about 112 inch) of 8mrll 
turbomaclrinery a i r f o i l r .  Tliir l i m i t  i r  a c t  
p a r t l y  by our i n a b i l i t y  t o  manufacture very 
rmall blader  with the n e ~ ~ e r r a l y  accuracy i n  
a i r f o i l  p r o f i l e ,  blade angle r e t t i n g ,  and 
i n t r i c a t e  cool ing networka, rod p a r t l y  by 
adverse aerodynamic r c a l i n g  e f f e c t s  ruch a r  
d i rpropor t  iona te ly  high t i p  c lea ranccr  and 
low Raynoldr number sur face  rouglrnerr 1088. 
Together with mate r ia l  tctnperature l i m i t r ,  
t h e r e  c o n s t r a i n t 8  l i m i t  c y c l e  p re r rure  r a t i a d  
and tu rb ine  i n l a t  temparaturcr t o  r e l a t i v e l y  
modest valuer  ( f i g .  16). 

Derider a t r i v i n g  t o  incraare  component 
e f f i c i e n c i e r ,  a t  l e a s t  two o ther  rl)prosctiea 
a r e  apparent ( f i g .  17) t o  mi t iga te  thesa 
rmall engine l i r ~ i t a .  One i s  t o  s u 4 b s t a n t i r l l y  
e l imina te  the  s la te r ia l  temperature l i n ~ i t  and 
tlte aa roc ia tad  turbint! cool ing p e n a l t i e s .  
Thir m i ~ h t  be a c l r i c v a ~ ~ E ~  with advanced cara-  
mic technology o r  metai matr ix compoaitc 
tachnology. E f f o r t r  hove already s r a r t e d  in 
t h i s  d i r e c t i o n  in tho governmant rponsorsd 
ceramic automorive errgine programn(l1). To 
be nurc, t h i a  approcrclr i s  q u i t e  r isky ritice 
t h e  technology i r  immature and t h e  component 
r e l i a b i l i t y  problems a r e  vary chal lenging 
indeed. But success could r a i r e  tu rb ine  
temperature l a v e l s  300-40WF and would 
e r r e n t i r l l y  u l i m i n ~ t e  the  tu rb ine  cool ing 
p e n a l t i ~ s .  

n re  o t h e r  approach i a  t o  p a r t i a l l y  
recover t h e  u a r t e  heat  i n  t h e  exl\ausr flow by 
t r a n s f e r r i n g  i t  t o  the  combustor i n l e t  a i r -  
f  low-ragenerat ion.  Rc&enorative cyc les  
ob ta in  high e f f i c i e n c y  u i t h o u t  t h e  need of 
high compressor yresrura ra t ion  (va lues  near 
15 a r e  u r u r l l y  optimum). tknce,  t h e r e  cyc les  
a r e  e s p e c i a l l y  o t t r o c t i v e  i n  small engine 
r i c e r .  Recent Army sponsored studiea(L2) a t  
500 SHP ahow e f f i c i e n c y  ga ins  cf  10-20 per- 
cent  compared t o  the  simple turbost iaf t  cyc le ,  
while o t h e r  mi l i t a ry  r t u d i e s  involvina 5000 
SHP enginer  nliow only 5-7 percent  grim, The 
main drawback of regencrat  ion i s  t h e  e x t r a  
weight required by the \ \eat  exctrarrget system 
wlricir i r  var iously e r t imr ted  a t  30-50 percent 
of the  simple cyc le  weigtrt. The techrrical 
chal lenge i n  t o  manufacture t h e  hea t  
exchanger compactly and leak- f ree ,  and t o  
rurvivc t h e  cor ros ive  eervironmcnt and thermal 
a t r e r r e r  induced by engine on-off cyc l ing .  



t ach  of thoro approarhor, i f  appl ied t o  
c o r r u t a r  r i r o d  poworplmtr ,  could incroaro  
ongin. o f f ic ioncy  about D7 porcont above 
ceapar rb lo  technology convontional  onginor 
f 1 .  I t  bo thceramic  and n g o n a r a t i v o  
tochnologior  woro urad togothor ,  rubatan- 
t i a l l y  h igher  g a i n r  r r o  poaaiblo--aa much a r  
40 per ren t  boyond an advanced convontional 
c y c l e ,  f u r  a t o t a l  a a i n  of 55 porcont beyond 
tho  now crop of mid-1980'r turbopropr. Tho 
r i s k  and rorourcor  roquirod t o  o r t a b l i r h  the  
tochnology i r ,  howevor, cotmonrurato with tho 
potential bonof i t r .  

INPUBMIRBNT QMdlUSTION BNCINIG-&turnin@ 
t o  f iguro  15, i t  i r  c l o a r  t h a t  c u r r e n t  p i r t o n  
.wine r r o  not  w l l  r u i t o d  t o  corputor  app l i -  
c a t i o n r  p r i n c i p a l l y  boccrure they a r o  t o o  
h o r q .  Phey a l u o  v ibra to  more than turbinoo,  
a r e  n o i r i o r ,  bu lk ie r ,  r e q u i r e  w r o  meinto- 
nanco and roquiro avgar--a rupply and pr ice  
vulnorablo opocial f u r l .  Yet a l l  of thoro 
nhortcomingr can be ovorcoao i f  d i f f e r e n t  
machanicrl conf igura t ionr  and advancod i n t e r -  
m i t t e n t  comburtion t r c h n o l o g i r r  r r e  ruccor r -  
f u l l y  purruod. Tho key t o  lowor weiaht l i a r  
i n  ; i g h t - m i g h t  conf igura t ionr  (i..., r o t a r y  
o r  2-atroko, r a d i a l  d i o r o  1 )  accompanied by 
incre r rod  BWP and BPM. ' h e r o  i n  t u r n  
requ i re  high rpood, high pre r rure  f u e l  i n j e c -  
t i o n  and i g n i t i o n  technology, advanced turbo-  
chatget. tethnoiopy , und low-fr ict ion r l i d i n a  
10.1 ryrtema. Mult i f u e l  c a p r b ~ l i t y  require* 
r t r a t  i f  ied charge cornburtion ryrtemr. Higher 
o f f ic ioncy  can a l r o  be r o u y h t - v a i n l y  by 
rocoveriny wart@ ttaat v i e  turbocompounding 
and heat  i r r u l a t e d  o r  a d t a b u t i c  r t r u c t u r a r  
( f i g .  19). 

b t a r y  and d i e r e l  e n ~ i t r a a  have been 
defined t h a t  incorporate  two l e v u l r  of ruch 
advanced rechnolopy ( f i g .  20). a t e  
"advrnced" verriotrs imply a technology rerd-  
i n e r r  d a t e  i n  the l a t e  1980'r s s r t ~ m i n l  r u f f i -  
c i e n t  re rourcer  wharaar t h e  "vrrvy advanced" 
vor r ionr  incorporate  f u r t h e r  r t a p r  much a r  
l i g h t e r  m a t e r i a l s ,  a d i a b a t i c  r t r u c t u r e r ,  high 
temperakure l u b r i c a t i o n ,  and non-contactin& 
ape8 r e a l r  o r  p i r t o n  r i n g r  ( f i g .  21). M d i -  
t i o n a l  dmrcript ian of the*@ a ~ l y i n e r  and t h e i r  
technologiae i r  c o n t r i ~ l u d  ~ I I  reference 13 and 
14. 

BRNEFlTB-TIte sf f i c  iency and wa igh t  char- 
a c t e r i r t i c r  of there  hypothe t ica l  powerplantr 
a r e  rummarired i n  f i g u r e r  22 and 23. Yerhrpr 
the mort i n t e r e r t i n g  obrorvr t ion  i r  t h a t  t h e  
i n t e r m i t t e n t  comburtion typeo cont inue t o  
loak a t  t r a c t i v e  on an ef f ic iancy b a r i r  evan 
out t o  2500 Sl4P o r  beyond and c h a i r  waightr ,  
although heevier  than t u r b i n e  a w i n e r ,  a r e  
not r o  high a r  t o  r u t o m a t i c r l l y  r u l e  them 
o u t .  To detennine the  n e t  e f f e c t  of t h e r e  
b e t t e r  o f f ic imncie r  and weighto, preliminary 
a i r p l a n e  a i r i n g  and f u e l  Burned c r l f u l a t i o n t  
were c a r r i e d  out  u r ing  a modified ver r ion  of 
the  GASP computer proyram(l5) ',i,J the  30-par- 
ranger ,  Wch 0 . l5  a i r p l a n e  groundruler 
def ined e a r l i e r .  

'Re r e r u l t s  a r e  dep ic ted  In f i g u r e  26 
which rhovr how fue l  burned v a r i e r  with 
c r u i r e  BSIC and engine e p e c i f i c  weight 

Spotted on t h i n  parametric riot a r e  tho 
p o t e n t i a l  valuoa f o r  arch of tho provioualy 
dLrcuraod poworplanto. k l a t i v o  t o  tha nib-  
19h)O'r now otqin.8, m advmcod convrn t ianr l  
cyclo turboprop could r a w  10-20 parcent  In  
fu r1  not i n c l u d i t q  advanced p r o p o l l r r r  o r  
nacol lor .  'Iho unconvon2ional o tq ino  fue l  
ravi-8 arm conaidorobly yreator--.a auah e a  
30-35 p o m m t  lor  tho ro ta ry ,  d i e e e l ,  and 
rogonorr t ive turboprop,  and 40 porcvnt l o r  r 
coraa ic  , intercoolod rora ion a t  t h e  r e ~ o n o r r -  
t i v o  turboprop. Gain8 of thim magnitude 
c l o a r l y  r a p r o r m t  Quantum inprovomonta a ~ t d  go 
boyond tho cuotomay o v o l u t i o n a y  rrond. Of 
cou t ro ,  tho p a r t i c u l a r  v r luor  arr ignod t o  t h e  
var iour  candidator  a n  rub joc t  t o  uncer ta in ty  
duo t o  t h e  inherent  t echnica l  r i r k  with auch 
concopta. If n o c o a r a y ,  t h i r  p lo t  can bo 
urod t o  quickly rodotomino t h e  fue l  b m o f i t r  
f o r  a l t o r n a t i v o  o q l n e  a r ruap t ionr .  

Pho rooulto J u r t  quotod apply t o  anginor 
i n  t h e  1500 BHP c l a r r .  l o r  emallor angina 
r i r o e  tho unconvontionat engine bonol i t r  
would bo romrwhat g roa tor  and f o r  l a q o r  
onginor J u r t  tho rovorrc i r  t r u e  ( f i g .  25).  
l h i r  t rend occur# bocrure tho main fuol  
d r i v o r  i r  SIC and tho SIC advantrge of tho 
unconventional enginor docrearom with r i r r  
( r  inco the  convrnt ionr l  turboprop bocowr 
more o f f i c i a n t  i n  l a rger  r i g o r ) .  

Currant c o ~ u t e r  poworplant a c t i v i t y  i r  
focured on t h e  dovolopmunt of the  1500-2000 
SUP c l a s r  of rocond generat ion onginem, soar- 
borer ,  and propellorr(1b-201. Limited b a r i c  
t ~ r e a r c h  n c t i v i t i e r  cont inue on the moro 
advanced technologier  u i r cur rad  previour l y  
A t  NA6Atr b w i r  Research Center,  f o r  oramplo, 
generic  o f f o r t r  a r e  underway t o  ga in  the  
necerrary knowle\'pe required t o  r r i r e  por- 
lonuance l e v e l #  of rmrl l  tu rb ine  ongino com- 
ponentr ( f i g .  26). There of f o r t e  include 
advanced computationrt modeling, onporimantal 
r i g  too t ing  t o  ver i fy  and calibrate tha anr-  
l y t i c  modelr, and the i n v e r t i g a t i o n  of novol 
conceptr  ouch a r  thore i d e n t i f i e d  e a r l i e r .  
lndurtry i r  a100 rerearching rome of t h e r e  
conceptr  ( f i g .  27). Ilowevrr, moat of the  
government and indurtry o f f o r t r  ar6 q u i t e  
modeat a t  p re ren t  and a comprehenriva 
advanced technology program i r  not i n  place. 
S i m i l a r l y ,  a rmr l l  amount of b a r i c  rorearch 
i n  i n t e w i t t o n t  cornburtion type a v i a t i o n  
enginer  i r  i n  p r o g r e r r ( l 4 ) .  

T~IO p r i n c i p a l  merrage eo be gleaned from 
t h e r e  r t u d i a r  i r  t h a t  rovera l  very important 
propulr ion o p p o r t u n i t i e r  r t i l l  o r i r t  f o r  
commuter a i r  t ranrpor ta t ion .  Powerplant 
technology has  not been brought t o  a p la toau  
r t a t u r  o r  oven a diminirhinp r e t u r n  r t a t u r .  
Inr toad we have a r r ived  a t  a techfiolopical 
c ror r road .  We may choore t o  cont inua down 
tho evolut ionary path with i t @  9-13 percont 
DOC rewanl over the recond genera t ion  powor- 



p l a n t @  t h a t  are now n e a r l y  ready f o r  produc- 
t i o n .  Or ua u y  chooae t o  accept a much 
I e q e r  c h a l l e r q e  i n  p u r r u i t  o f  a much l a y e r  
reward. Ihi a would r e q u i r e  l comprehena i v a  
rerearch e f f o r t  addrear ing  bo th  the convan- 
t i o n a l  and unconvent ional  t a c h n o l o ~ i e a .  

Fhe rattber a u r p r i a i n a  campat i t  iveneaa o f  
the i n t o n i t t e n t  t y p .  e n l i n e r  i n  auch 1a-e 
power a iaea i r  bound t o  be viawed r u a p i -  
c ioua ly .  A c t u a l l y  the  iaaue i a  n o t  ao u c h  
the e f f i c i e n c y  o r  weiaht  e r t i n r t e a  t h a t  m y  
be questioned a@ i t  i o  the recondary oharac- 
t e r i a t i c a  auch ua r e l i a b i l i t y ,  maintenance, 
and v i b r a t i o n .  n e a e  recondary charac te r ia -  
~ i c a  have n o t  been addreared i n  dep th  and 
probably cannot be w i t h i n  a pure ly  a n a l y t i c  
frameuork. 

Fheae a tud iea  have provided & n f o m a t i o n  
t o  h e l p  auide f u t u r e  technology ac t  i v i t i e a .  
Since a l l  o f  the a l t e r ! t a t i v a  a t q i n e  type* 
appear a t t r a c t i v e ,  i t  would b* ~ r n r a t u ~ e  t o  
e l i m i n a t e  any o f  them from c ~ o ' n r r , t ~ o n  a t  t h i s  
r r r l y  r t u e .  
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Figure 1. - Commuter aircraft powerplant status. Mach 0.44; 15 000 ft cruise; turboprop engines. 
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Figure 3. - Compressor wrodynrmics technoloqy. 
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Figure 6. - Advanced commuter englne cycle selection. 100 n mi D'X; %1.50/gal 
fuel; 30 passenger; Mach 0.45; 1W-shp englne. 
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Figure 7. - Advanced engine configurationslcycies. 
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Flgure 8. - Advanced technology turboprop engine. GE design scaled to 1620 takedl shp. 
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Figure 11. - Advanced jropeller concepts. 
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$1. Solgal fuel. 
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Figure $4. - Advanced propulsion benellt summary. Mach Q 45, 108 n ml 
trip. 
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Flgure 15. - Small rnglne hchnology status. 
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Flqure 16. - Warrler and apgortu~!',les for greater efflclency. Small turblne englnas. 



Figure 17. - Small turblna englne techno;gles. 
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Figure 19. - Intermittent combustion engines. 
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Figure 20. - Advanced intermittent combustion engines. 
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Figure 21. - Intermittent engine technologies. 
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Figure 22. - Efficiency d advanced small aircraft englne candidates, Mach 0.45; 
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Figure 23. . Weight d advanced small aircraft engine candidates. Mach 

0.45; 15 000 11; uninstalled gearbox Included. 
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Flgun 24. - Commuter a l n m  prmulslon opportunltles. 30 pnwnprs; nmh 0.45; 
15 111 - 1400-shp SLSS. 
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Figure 26. - LeRC small turbine propulsion current generic research. 
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F lgure 27. - Small turblne engine technology. 
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