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INTRODUCTION

The actdvities of NASA {v the field of aeyo=
nantdesn ave oriented avound three broad objectliven?
seeking to waintain and fwprove a sate | ecopomie
eally viable, envivonmentally acceptable aly tvans-
portatfon system Including both commercial transparts
and general aviationy second, helplog to strengthen
U8, dndustry do an era of challenging Incernational
competitiony apd third, vontributing to the aviation
capabilitien of all three military sovvices, NASA,
of course; does not desipn or opervate such atrveraft;
1ty role 48 to perform vesearch and technoluopy
activities that will enable industry to butld fm=
praved vehicles, Propulasion, as one of the key
cloments of an atreraft, is the subject of & wajor
part ot this research,  The Lewis Research Center
bhus the vesponsibilicy within NASA for advancing
aeropropulsion technology, and the emphasis In this
papar is, thevefove, placed on Lewds aceivicies, Tt
ghould be noted, however, that other fmportant
propulslon-ralatod work is algo performed at othey
NASA centers (e.g., Langley is active in inlets and
seramjets),

The firvst portion of the paper reviews ves
presentp cive R&T activicias that are focused on
vavious vehiele applieations (Fig. 1)+ In escli case
one or more relevant propulsion programg is diuse
cursed as an example of a contdnuing efforvt to im-
prove factors like eftficiency, emissions, performance,
cont, ete. A second section will diseuss some dnter-
esting new technologies that have broad application,

COMMERUCIAL ATRURAFY

Aubgonde Tranaports

Conslder tirst the familiay subsonie afritner,
such as the Boeing 707 shown dn Fig, 4, This kind of
yehicle, with the many more-moderii nodels now in ser=
vive, is the barkbone of the commercial alr transs=
povtation svatew.  The availabilicy of ghoert cravel
thnens and compavatively modest fares has affected the
way business Is condueted and, dndeed, influencel the
shape of our eutdre contemparary noclety.

With the heip of inereasingly more=<productive
and were-of ficiont afverafe, the aivline industry has
oxperionced enobmous growths  Nevertheless, at thoe
present tiwe, new wrgent demands on afrplane sechnol-
VRY ardige from two gourcos==onvirounmental pretectlon
and enerpy,

In the anvivonmental avea exhaust emigsions
control has long been a najor concern.  However, there
has Duen much progress aml, at present, it is not
congidered o eritical factor. In fact, emissions by
alveraft are a very small factor in the context of
the total pollution scone within the country. On the
other hand, the noise generated by airevalt 1% not so
canily dismissoed,

The problem of afvevaft noise has been with the
commereial seecor for quite awhile, and 18 aggravated
by more freguent flights, more powerful jat engines,
and more vesddences dn the proximity of aivports,
Inevcasingly nilitant objectiong ave belig expressed
by the aftected citizens.  These ohjections have, to
some extent, Jimlved the growth of the eivil aviation
gector and ave expected to fontitiue ag a major dn-
fluepces ~ Some communities have set curfews on air=
pores at night, Othevs have disallowed the building
of new atrpovts, HBecause of constraints such an
these, the effeccive use of aiveraft is inhibited and
commercial Invesement In new alveraft that could emerge,
such as dedicated airfreighters, has been discouraged.




In response to this problem, NASA has had
nuKersug progrine slmed at reduciug the noiaee
penevated by atrplane engines, Fortuitously, the
probhles has been mitfamted In recent yeays by the
sucresslve develupmens of Towshypass- pat e, and Iater,
high«<bypasusratie tursolana.  Alchough the prinetpal
motivation for these englues wan better efficion s,
they weps alue inherently quieter. By contrast, the
vldor enplnes, which arve atlll in widespread use,
seen especially objectionable.  Consequently, NASA
deveral years ago conducted the so=called Refan pro=
gram to show how an existing commercial engiue {in
thin cade {t wag the JT8D, which powers the 727, 737,
and DEY aivplanes) could be guieted by modifving the
fan and by fucorpoeating sound=abrorhing material
within tae flow ducts.  Fig, 3 is a pleture of the
wadivied engiie on & teat stand,  This program went
through o Tlight activicy wich MeDonnell Douglas,
uaing a DCY with vefanned engines provided by Peatt
& Whitney (Fig, 4)s  The rvesules showed chat the
noiss level could be veduced dramativally by this
techniques  In fact, this teshnelogy is now being
applied vonmeyceially dn the serm of the DOV Super RO
by MeDotine 1l Douglaas (Fig. 5%, More than 100 vrders
have been received for this aireralt, which 1a sub=
stantially quieter than dita predevessors. It uses
a derfvative of the Refan enpine that 18 being
praduced by Pratt & Whiltney.

~ Magy other progreams are underway as paxyt ol
NASA's eontinning olfort te develop techoelogy that
will atd o further reduciug the afrvevaft noise,

NARA revopnized sometime back thot the high
cost and limited avatlability of fuel represent
eritical threats to the viability ot the commercial
aiv trangportation Industrv,  One approach belng
atudied 1a to wodify the engines so that they can
utilize fuels whose properties are not se tightly
specified.  Thia would broaden the sources of mupply,
posaibly even Ineluding noupatroleum sources such as
ghale ofl oy coal.  But the major thrust of the NASA
program i1 to veduce the consumption of fuel by the
englnes,  The pripvipa)l setivity In this avea, known
ai the ACEE (Mvyeraft Energy Effdciency) program,
was Brarced aliout & years ago and is ditected at
possibly cutting the fuel wge of chene cranapores by
a factor of twoo Theve ave three wmajor propulsion
parts of that program (s Indivated in Fig, 6), ‘The
near=term actdvicy i called the Engine Component
Improvement program (BCI) and i3 dirvected at deviva~
tive varsions of the present peneration of engines,
The Energy Efffcient Engine 1a a mid=term program
with perhaps as much ag an 18 percent fuel saving.
The long~tovin program prowmises a fuel saving as much
ux 0 percent or more with an Advanced Turhoprop.
The gived fual savings arve relative to current
englnes installed fu subsoniv aivevaft and flyving on
a ndd=range misndon,

The near=ters BCI program involves theee
ongines manufagtured by Pratt § Whitnaey and by
Generdl Blectrie, who provide the majority of the
engines for subsonic transports.  The engines are the
JTED, JT90, and GF6, the latter two bedng tho éenstnesr
thae powar the large wide~bodled jets. The objective
here s to wmake modiflcactons within the engine that
do wot pepresent wajor chavges in the desigy but that
could reduce the {fual consumption by up to 5 porcent
(wbich 4s highly significant to the airiine
oparators), Example techniques dnelude tightoeniung
up the clearances within rotating parts, reducing
the miount of sealing aly, and wmodifving the destgn
of some componenra to dmprove efficiency,  Thin pro=
pram g nearing completion and bas heen deemed by
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ihe toral industey, dncluding the afelines, the ragine
manufavturers, ad the aielvane manu{acturevn, to be
highly suceersfuly  Many of the concepls that were
Hent L1 fed and exploved in this program alreadv ave
badng incorporated dnte the produstion engines,

The midetorm program {8 the Enevgy Bliicient
Engine (Fig. 7).  These are wajor contract effoves
with boath Pratt & Whitnev apd tieneral Eleetvice, The
total program {s abont $200 willion, Ft Involves
laying vut the technology for the next genevation of
onglnes that would be developed in the mid to late
1980's,  The technigues that provide the potential
of attaloiog the 18 percent fuel reduction ap com=
paved with present engives are multifold, They
inelude higher eyele pressuves (an high as 40 atmon=
pheves,; compared with 20 to 30 atmonpheves in present
englnes), substantially improved components, higher
temporature hot-end components, nsuch addicional
comporients ar mixers, ample vie of compusites’ through=
out the engines, advanced vontyol systems which will
allow the engine w ba tuned throughout its £Light
pathy and the Mke. Pig, 8 shows the engine dasligns
that have evolved, This fivesysar program iR presants
Iy at 1te mldpoint, Progress to date las baen very
satinfactory,

The thivd elewmews. which {8 the long~term, high-
risk program, 1s the Advanced Turboprops. The objec=
tive heve 48 1o explorve whnt one might be able to do
by gofug back to propeller #;stome which have a much=
fmproved propulsive efficlency compared with turbo=
fan pysvewms,  The principal challenge Is to davelop
the technology that might allow such propeller
gystems to be utdlized in an adveralt that aould
uvperate in the game altitude and speed rvange as
present subsonde jotw, The type of propeller re
quired to provide this capatiilicy I8 quicte different
from those of the past (Fig. 9}, Notoworthy 46 the
lavge number of blades used mo that the diameter 18
moderate, despite the Jow ade density at high
alvitudes,  The Liades are very thin and are highly
swept.  Thins sweep is used to maintain a high effi-
elency In the tip reglon whore local Mach numbers
become supergonic, Tt alse serves to lower the cabiv
noise level, as propellecs are inhevently nolsy from
n passonger standpoint,

The inicisl phasea of this program have estab-
Lished that the aerodynamic performance of the blades
18 quite acceptabls,  However, thare are stdll many
problems of structures and acroelasticivy that must
be nddvessed in larger sizes, The model shown i
Fig., ¥ is ouly 2 feet in diameter, whereas the full=
seale propellers would be dn the 10= to 15=foot range.

Supersonic Tranapores

. Consider now a tuch higher-apecd form of
comnersial trzagporeation, the supersonic transport
(Fig. 10},  The appeal of this t, .0 of adreraft to a
sizable portion of the traveling public has been
demonstrated by the Anglo~Franch Concorde. However,
it suffers from several problems that vesulted in
thig country not undercaking the developmont of such
an alveraft! noise and fuel goonomy, Alse, averall
alrplane ceonomics are questionable, Neverthelons,
Congress hax deemed 1t dwportant for this country to
continue rasdéareh in the avea of aupersonie transpovts
so that, should a decislon ever be made to embark on
fee develapment, the technology will be tharae.
Accorvdingly, NASA has a contiouing program directed
at teelimology for supersonic tiansports which
ingludes waterdala, scructures, aexodynamivs, anpd
propulsion. Propulsfon 18 obviously the key ingrad-
fent for such a high=thrust vehicle as a supersonic
alyplane,




The diverse requivements of a civilian $87,
such as low noise, good efficiency at subsonic econ=
ditions, and cutstanding efficfency at supersonie
conditions, force the designer to conuider a variety
of alternative engine systems. An approach that is
presently recelving much attention is the variable
eycle er ina. The features of a variable cycle
enpgine are as followst during takeoff, subsonie
flight, and landing, \he engine would operate Like
n turbofan, becaune the jet velocdty would he low
and hence the nofse would bé low., Durdng supersonic
flight, iv would operate like a turbojet to give the
very high jet velecities ueeded for efficlent gpera-
tion under supersonic conditions, Hence, there is
interest in devices that are capable of changing
their modes of operation to best sult the needs of
aach part of the flight, ‘

NASA hag major analytical and experimental pro=
gramg voderway with both Pratt & Whitney and General
Electri¢ to study various concepts for varfahle
cyele engines, HBreadboard engines are being used to
examine some of the unique cowponents and technologies
requived,

Fig. 11 shows such an engine on the test stand,
The features of this General Electric engine include
internal valving, in ovder to shitt the flow trom
ofie mode of aperation Lo another, and wultistream exit
Jets (at least twe streams) with the velovities
adjusted o minimize noilse, (Incidencally, at the
right of the plegure may be seen o Laser Dopplex
Velocimeter (LOV) instr.ment whieh 18 used to
measure the velogity fn the jor plume emerping [rom
the engdne.  This will be mentioned agaln later in
the paper.)

COMMUTER ATRURAFT

The final commercial transport category to he
discussed 48 commuters.  This term refers ko smiller
alreraft that can carrey 20 to 50 pasgengers, They
are almost entively turboprop atrveraft, such as the
one shown in Fig., 12, The current Ineveased interest
in commuter aireraft has been the result of the recent
deregulation of the alrline industry. This has per-
mitted the cevtified tvunk carriers to withdraw from
their less profitable routes, often leaving llttle
or ne service to many smaller cities. In theiy place,
the pommuter airlines have sprouted, offering
froquent deparcures in smaller, more~economical aive
eraft, NASA is looking into what technologies might
be useful to the pewly important commuter alrevaft
industry, As a starting point, broad studies of osir-
planes and the asspeiated propulslon systems are
belng performed for typiepl commuter missions. Fig.
13 shows some of the unusual configuratfons that
have been evalving from NASA-gponsored siudics with
industry, Noteworthy is a general tendency to put
the propulsion system toward the rear of the alrcraft
so that the nolse and vibration of the propellers
would not be trapsmitted into the cabin. Ope con=
capt uses pusher propellers) others use the standard
forward configurations.  Unusual wing arrangements
and the use of canards are also being contemplated,

Tha technology needs for this kind of aifreralt
ave still being studied. . If appropriate, NASA will
initiate a major program in the future,

GENERAL AVIATION
The next part of this paper deals with the

subject of general aviation, which is an extremely
important parc of edvil aviation.  In fact, alrcraft

sales and passenger carriage approach those of the
commereial sector.  There are many more aircraft on
the genceral aviation scene, with about 85 paercent of
these heing used for business, Despive the popular
impression, veecrcatlonal flydng 1s only a small
portion of the total, Thua, general aviation truly
is a vital part of our total transportation system.

General aviation I8 Taced with problems similar
to those of commercinl afrerafe:

(1) Safety and reliability
{(2) Environment

(a) Community noise

(b) Cabin noise and vibration
(1) Fueld

(n) Aviation avallability

(b) Copsumption

Safery and reliabilicy bead the list in recognition
of the poorer record of general aviation as conparved
with the commercinl trangports, NASA 1s involved in
several programs to try to improve that situation,
The second and third items are repetitions of the
anme sort of problems alfecting rhe compercial sector,

With regard to community noise, although these
small afrplanes tend to be relatively quiet, they also
frequently operate from small afrports in suburban or
rural areas where the natural noise level is low and
where this additfonal noise gource is especially
objectionable, 1In addition to the community noise,
pasgengers and crew experience a lot of nolse and
vibration partdicularly in the amaller aireraft,

(Any reader who has flown some of the small plgton=
engine alrervaft is tamiliar with these defects.)

Fuel shortages are of partiecular concern to
general aviation because dts image of being a frivo-
Tous energy vonsumer makes it susceptible to diversion
of Luel te supposedly highere-priority users. Further«
wore, it relies heavily on aviation gasoline, which
represents sueh o limlted morket to oll refiners
that they con be tempted to drop production during
erisvs situvations; thls did oeeur recontly,

There arve many types of afrvcraft thac fall
within the broad gategory of general aviatien. Fox
the purposes of this paper they can be conveniently
vategorized by engine type (Flg. 14). Many of these
adreraft operate with fnctermittent combustion or IC
engines (1.e., piston engines). Of the larger
general aviation alreraff quite a few are turboprops.
The falrly large number of high-speed, high-altitude
afvervalt known as executive jets are powered by turbo-
jet or turbofan engines, NASA-Lewis is looking at
the needs of each of these engine gystems.

Fig, 15 shows one of the Lowis test cells with
a piston epgipe dnstalled. 1In general; the experi-
ments are directed toward achieving a better under-
standing of the fundamentals of combustion in these
kinds of cnpine systems, and trying te determine
techniques to veduce the fuel consumption as well as
reducing emissions,

Additionally, alternative engines are being
studied thav might have an advantage over the current
piston engines,  For example, diesel engines are
bhaing looked at rather carefully (Fig. 16). Current
diesel engines are too heavy, but recent studies have
shown that advanced technologles such as ceramic
piston heads and substantial turbocharging can reduce
the wedght of these engines significantly. If the
woeight does come down, the superior fuel economy of
a diesel eycle can be exploited.
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Apother diternative vomvept Ig the
rotaty engine, It offers the potential of siounth
pperatfon, Auaplicity, amd fairly Jow weight.

NARA Lo aluo ventinuinge £ty stadied of turbine
enginen, o biding an extennion dnto the Jower power
vange typival of platons as well as faprovement of
the somewhat lavger turhine engives that are currvent=
Iv used fn the executive jets (Fig, 17), A recently
complated program valled QUGAT (Juier, Clean General
Aviation Turbofan) looked at the applieability of
the technology of large tvansport engines to these
swaller turbefan engines, particularly in relation
to noisze,  There were two contyacts put out, one with
Garrett AfRescarch and one with AVOD-Lveoming,
Prelfminary studies were followed by the bullding
aud testing of experimental engines. Fig, 18 shows
one vf these engines on a test stand at Lewis for
gvaluatdon, It has about 4000 pounds of thrust and
could be used onoen afrvrait the sige of a Lear Jot
for high~gltitude, bWigh=speed operation. It is dea
mativally quieter than the current engines being vaed,

NASA has an extensive program for the inprove=
ment of propeller systems for many applivacions,  The
high=speed efforts were deseribed earlier.  Additional
work 1 afmed at geveral aviavdon propellers, suel au
the vne pictured in Fig. I%.  The goals of such
techinlogy fnvelve reducing the cost of the propellers,
improving theiy effictency, which can he translated
ddvecely Inge buel consumptfon, redueing the noise,
and reduring the welght,  As suggerted in Fig, 20,
adwineed desipns mav utilize sueh tovhniques as swept
blades or tip=mounted devives called winglets, which
have heen applied sueecessfully to afveralt wings.
(Beey tagey Fige 1200

MILYTARY ATRCRAFY

As the nation's principal R&D ageney Fuy
aviagton, RASA pesetates techinology that is applicable
to mititary as well as cividian aiveraft,  Some oxe
amples of the work are oifered vove,

Ratoreraft have hecome easential fugredients
af the modern military foree structure, (@0 course,
they are seeing {nvreasing wse for warivoes civil
applisations as well.) A prebable tvend fov the
future is o shift to highoer flight specds for en=
haneed Invaloerability and productivite,  Such cons
copty as thoe Xewing vonfiguration of Fig. 21 wight
be utdlizede  One consespuence of these coneepts is o
decoupling of the power needed for vertical takeoit
Erom that needed Toy foreard [light. For example,
the Yoter sav be stopped to oo a fixed wing, amd a
separate propeller or fan used for horizontal thruse.
A single propulsion system that can alternately deive
aorvetor o Fainomight then be derirabie. Convertible
propulsion systems of this nature are now under gtudy,
tne approach that wtilizes gears and vlotches is
aketched dn Fig, 330 Wind tunnel tests of an eavly
version of this devive are being planned in s joint
program with DARFA,

for 56111 higher speeds and/or longer ranges,
vertical takeoff and Jonding (VTOLY afrerafc are being
congddered, with particular emphasis on Navy nigsions.
e propulsion concept, out of many that have heen
studied, i3 {1llugtrated in Fig. 23,  Two tondem fans,
aach with its own dnlet, dre emploved to ohtaln high
alrflow eapacity withour an inerease in frontal area.
Tegts of  thege unique dalets and nozrles are being
conductod.

Another example of unusual fulets and tozzles
is pletured in Fige 2.0 Inorder to reduce evadav
and infrared detectabilicy, uwneonventional shapes

A

SRR AT Y SR ER e e e T

WS SReSS

and plavements wi these componsnts are being dnvesti=
gated for high=periormance Afr Force alrerafe,
Nozeles with thrust=deflection capability are also
belug tnvestinated for enhance? maneuverabilicy,

EMERGING TECHNOLIKGLES

In addition to the vehicle=specific research
dercribed above, NASA malntaing a continuing, genaral
program to advance the gtate=of=the~art of all of the
propulslon=related cowponants and diseiplines
(Fig, 25), But rather than to deseéribe them here,
it 4 the dntent of this section to comment on Bome
new aress of technolagy, The point here {n that
several major technological advances were made in the
1970y that are not directly related to, but which
could have a large Impact on, propulsion. Utilizing
these in propulsion research in the 1980's could lead
o major improvements across the board in the propul=
sion systems of the 1990's,

Thyee geneval areas aret

(1) Advanced materials and processes
(2) Computer rvevolutions
(3) Advanved electronics and optics

The majer advanves that have been ewerging in
the avea of waterials include such thilugs ag powder
metallurgy (which opens the dooe to a whole, vast,
new arvena of allovs), single~cvrestal and dirvection~
ally solidified turbine blades (which enhsnce the
temperature level of curbine epgines), and ceramics
{(which poientially uffer lower cost as well as higher
temperature capahility).

Advanvor in computers have been so rapid and
widely emploved that the term “computer revolution"
18 oftven used, These high-speed, sophisticated
"number=cruncher” machines enable the englnesr to
golve prollems now in the areas of flufd mechanics
or struvtures that were fmpossible just a few years
AR,

And, finally, advanced eleceropies, micro«
miniaturization, and the development of advanced
optical technigues opable entively new approaches to
engine vontrol,  In some propased engines it s
necessaky to contrel 10 vavlables at onves This dis
beyond the capability of the conventlonal controls,
and advanced control systems are essential to these
voncapt s,

In anethey application these electronfe and
optical improvements open the door to advanced in=
strumentation that allow the measurement of flow
threugh sueh moving components as turbines and
compressors, without having to inserc phyaical probes
that could disturd the flow by ghelr presence.

Several figures are offered to fllustrate each
of these emerging=technelopgy eategories:

Fig. 26 shows one application of ceramicsa: = By
plocing 2 thln, Insulating cevamic coating around a
torbine blade, the combustion temperature of the
cvele can be dnereased, which is very desirable,
without anv deleterious rise in the metal temperature
of the blade, The key enabling technology is the
bond coat between the bage metal and the external
ceramie.  As the technology of bond coats evolves,
ceramiy coatings will be applied to all hot sections
of engines,

Aochey example is in the computer area, As
shown 4n Fig. 27 high speed computers allow visual-
iration techniques that accutately predict the flow,
incloding the boundary laver, through subsonic duets.
Vector aualvsis can yield pletuves of cross flows
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within ducts.  Contours of pressures and temperatuyres
van b vomputed, The whode area ol advaieed styue s
tufes amd the prodicpren ol vibtat fon amt wituyral
frequeny ey and pe fotth fs just opesing up uslapg
this new toal,

The thind avea ment toned was electronivs and
uptive.  Figs &8 18 3 pleture of the previously
mentioned LDV myatem beafug used here to measure the
flow within & rotativg saseade withsut having to put
A probe iuside,  Ths nonebirosive technique is con-
sidoved a braakthrough fn how one can mearure what
iR gotng on within these complicatad machines,

FINAL REMARKS

This paper has reviewed some of the problews
and opportunitias confronting the aviation industry,
This hag been emploved as » weans of deseribing a
number of NABA programs that addvess tae angociated
propulsfon techivlogy needs of the future. Advianced
toclinalogles will be coupled with new propulsion gone
vepes to provide greatly fwproved aly trangportation
in the vears ti come.
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Figure 13, - Commuter aircraft.

Figure 14. - General aviation,
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Figure 15, - General aviation reciprocating ¢
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