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INTRODUCTION

NASA'sAircraftEnergyEfficiency(ACEE)Programwas

begunin 1076followingayearofplanning.Thispaper

verybrieflyreviewstherationalefor this intensiveNASA

effort,butlooksattheissuesbehindtheACEEProgram,

aswellasits implementation,fromtheperspective

availablein 1981.



THEAIRCRAFTENERGYEFFICIENCY
PROGRAM --
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A principalreasonforconcernforair transport
fuelefficiency,ofcourse,is everybody'scritical
dependencetodayonair transportation.

In the UnitedStates,our dependenceonair travel
increasedsubstantiallyoverthe pastfiveyears
andair transportnowaccountsforten timesas
manydomesticpassengermilesasits nearest
publictransportationrival--thebussystem.

Butin 1980airlinepassengermilesdeclined
sharply.
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Thereasonbehindthisdeclinewasthe largeincrease
inairlines'operatingcostsandticketpricesthat
accompaniedtherisein fuelcoststothedollar-per-
gallonleveltheyearbefore.Thecurrentdominant
influenceof fuelcostondirectoperatingcostis
clearlyillustratedbythisfigure.Fuelis nowabout
60_oofthetotalandstillclimbing.



3

B3A1
2181

• ELEMENTSOF AIRLINE DIRECT
OPERATING COST

2.00- FUEL
n

1.80-
m

1.60-

1.40-
IJ.l
._I

"_ 1.20-

_u__1.00-_u_O.80m-- ,,,/_//.,,.._.7
z - ,CREW
IJ.l

0.60- MAINTENANCE
- (Directand

0.40- Indirect)

- /_,,,,OTHER
0.20-

0 I I I I i I I I I I I I
1970 1972 1974 1976 1978 1980

CALENDARYEAR



Another, perhapsevenmorecritical, issueis our air
transport industry's increasinglyimportantimpacton
the balanceof U.S. trade, It has longbeenthe leading
industrial contributorof positivetradebalancesto
partiallyoffsetour importof autos,oil andother products
and, in 1980,produceda 6-billion-dollarsurplus.
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Until1977our industryconsistentlycapturedabout
95percentoftheworldmarket.Butthecompetition
fromabroadis nowcomingonstrong. Ontheaverage,
overthethreeandone-halfyearsendingin mid-1981,
Airbus Industriescapturedover20percentoftotaltrans-
portsalesandfirmlytookoversecondplacebehind
Boeing.Thesegainsreflectenlightenedandsub-
stantialhelpfromtheEuropeangovernmentsinvolved.
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Andtheworstnewsofall istheoutlookfor future
fuel costs.Theseareforecasts,compiledbytheAir
TransportAssociation,thatprojectthree-dollar-per-
gallonfuelbythe endofthis decade.Clearly,if we
wanttobothkeepour airlineshealthyandkeepa
dominantshareoftheair transportmarket,we
mustproducefuel-efficienttransportaircraft.
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Thus,whenonelooksbacksix yearsto the
formulationof theACEEProgrambya NASA
TaskForceanda numberofsupportinggroups,
the Program'srationale,as it wasstatedin
this early1976viewgraph,still appearsvalid.
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Thecontentandtiming of the initially approved
ACEEProgramis shownhere. Thereweresix
separateeffortsstartedandall but onewere
plannedwith future phasesthat wereto be
dependenton theoutcomeofthe earlier efforts.
Thus, the programplanwasinherently dynamic
andchangeswereindeedmadeasthe preceding
effortandexternaleventsdictated.
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Theactualtiming andfundingofall ofthe six separateprogramsnow
comprisingthe ACEEeffort is shownhere. Thedollartotalson the right
includebudgetsfor the nextfour yearsin termsof FY-81dollars. The
programtotal is almosta half-billion dollarsevenwithout majoradd-ons.

Thetopthree programsaretheengineprogramsbeingimplementedby
NASA'sLewisResearchCenter. TheEngineComponentImprovement
programis essentiallycomplete,havingdevelopedselectedimproved
componentsin current enginedesignsand,with diagnostictesting,
identifiedcausesofshort andlongterm engineperformancedeterior-
ation. TheEnergyEfficientEngineProgramis alsonearingcompletion
with just onefundingyear left. Here,twonewdesignsarebeingtaken
to groundtestsofprototypeengines. TheAdvancedTurbopropProgram
is just beginningits secondphasewhich includesgroundtestof large
scaleprop-fanstructures.

Thefirst of threeACEEairframeprogramsis the EnergyEfficiency
Transport(EEl)Programthat embodiesselectedadvancesin active
controlsandaerodynamicsandis nearlycomplete.Thesecondairframe
effort is the CompositePrimaryAircraft Structures (CPAS)Program,
wheresecondarystructuresdevelopmentandwingstudiesarecomplete,
mediumprimarystructuresdevelopmentis nearlycomplete,anda
"largestructureskeytechnologyeffort" is just beginning. Andthe
final ACEEeffort,well into its subsystem- developmentphase,is
demonstrationof the commercialviability of LaminarFlowControl.
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Someof the selectedadvancesin activecontrolsandwing
aerodynamicsthatarepartof theEnergyEfficientTransport
programareindicatedhere.Earlyeffortsin this programled
to introductionoverayearagoof anactivesystemfor
maneuverandgust-loadcontrolon the L-I011-500topermit
ag-footwingspanextension.In operation,this combination
hasso-farconsistentlyproducedmorethanthe expected
threepercentfuel savings.ThemoreFecentEETactive
controlseffortshavebeendirectedtowardrelaxedstatic
stability.Th.eEEl"aerodynamicseffortshavefilledcriticalgaps
in NASAwindtunnel researchonhigh-aspect-ratiosuper-
criticalwingconfigurationsandtakenwingletdevelopment
beyondthewindtunnel.
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In fact, theEElprogramfundedflighttestsof
wingletsontheAir Force'sKC-135indicating
potentialfuelsavingsof70/o.



KC-135 WINGLET FLIGHT DEMONSTRATION
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AndEETflight testsofwingletsonthe Douglas
DC-IOshowadesirablefuel savingsbenefit
potentialon this aircraft, butalsothe needfor
somedesignchanges.
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TheACEECPASeffortonsecondarystructureshasinvolved
developmentof selectedcompositecontrolsurfaces--theupper
aft rudderon Dou{jlasDC-10,inboardaileronsfor the Lockheed
L-1011,andelevatorsfor Boeing's727.Thesesecondarystruc-
tureseffortsnowinvolveonlyflight servicefor maintenance
evaluationandhavealreadyspurredcommitmentof thecontrol
surfaceson twonewtransportsto,all-compositeconstruction.

TheCPASProgram'sdevelopmentof "mediumprimary"tail-
surfacestructuresincludesdevelopmenLofcompositevertical
stabilizersfor theDouglasDC-10andLockheedL-1011anda
compositehorizontalstabilizerfor Boeing's737.A numberof
thesestructureshavebeenfabricatedandfull-scaletestsare
wellunderway.Whilethiseffortappearstohavepreparedthe
industrytousecompositesin correspondingnew-airplane
structure,preparationforwingandfuselageapplicationshas
barelybegunwithsmallCPAScontractstocloseselectedkey
design-technologygaps.TheCPASProgramplanincludesa
proposedcomposite-wing-structuredevelopmentphase,

•beginningin 1983.
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Finally,theACEELaminarFlowControl(LFC)Program
nowinvolvesmajorwindtunnelandflight teststo
evaluatepotentiallypracticalsystemsfor maintaining
the surface"boundarylayer"ofair overthewingsin
a smooth,laminarstatethroughsuction.Thisprogram
includesaplannedthird, integrated-systern-flight-
testphasetodemonstratereadinessof this technology
for industryexploitation.
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Thecurrentoutlookforbenefitsandtechnologyreadiness
of thethreeACEEEngineProgramsisshownhere.Engine
componentimprovements,developedin theEClprogramare
alreadybeingincorporatedinlDnewproductioncopiesof
threecurrentenginedesignsandtheprojected5%fuel-
savingsbenefitwill apparentlybeachieved.EnergyEfficient
Enginetechnologyreadinessfordevelopmentis projectedat
about1984with expectedfuel savingsin the15-20percent
range.AdvancedTurboproptechnologyreadinessis expect-
edlatethisdecadewithprojectedfuel savingsovercurrent
transportsnowin the30'-40percentrange.Achievingthis
is dependenton NASAimplementationof athirddemon-
strationphaseof thisproject

i
=
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Thecurrentoutlookfor benefitpotentialfromACEEairframe
technologiesis summarizedhere. TheEETandCPASprograms
havealreadyassuredapplicationsof activewing loadalleviation
andcompositesecondarystructure for aboutfivepercentfuel
savingspotential.Bythe endof this decade,it appearsthe
industrywill bereadywith advancedsupercriticalwings,
winglets,activestabilityaugmentation,andcompositeprimary
structure, includingwingstructure if theCPASplanis
implemented,for totalsavingsin the20percentrange.And
bythe late1090's,LaminarFlowControlreadinesswill bring
with it fuel savingspotentialovercurrent aircraftof 40percent
or more.

"i

o



16
ACEEAIRFRAMETECHNOLOGIES 2/82

PROJECTEDFUELSAVINGS
TECHNOLOGYREADINESSDATE

LAMINARFLOWCONTROL
40 - • SAVINGSRELATIVETO i

CURRENTAIRCRAR"

30-

FUEL
SAVINGS, SUPERCRITICALWING]WlNGLETS

% ACTIVESTABILITY

AUGMENTATION20- COMPOS_PRIMARYSTRUCTURE

10- _2__ .__ ACTIVEw_Nr,LOADALLEWAT_ON
S COMPOSITESECONDARYSTRUCTURE

0 I I I I I
1980 1985 1990 1995 2000

TECHNOLOGYREADINESSDATES



17

CONCLUDINGREMARKS

It mustbeemphasizedthatthebenefitpotentialsandtechnology
readinessdatesprojeotedheredependoncompletionoftheongoing
andplannedACEEeffortsonschedule.Therealizationoffuel
savingbenefitsfromACEEProgramtechnologiesdependsalsoon
therateandmannerinwhichtheycanbeimplementedbythe
airtransportindustryaftertechnologyreadinessisachieved.
Theirimplementationwillclearlybeasrapidastheindustry's
marketopportunitiesandeconomicswillallow.Thebenefitfrom
theircombinedimplementationona singlenewaircraftwouldnot
bethesumofthebenefitpotentialscitedabovebutcouldeasily
exceedthe50%potentialthatwascitedwhentheACEEProgram
wasinitiated.
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