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Abstract

The three coplne programs that constitute the
propulsion portion of NASA's Alrcraft Energy Ef[I-
clency Program arve described, thefr status indi-
cated, and anticipated improvements In SFC dis-
cussed, The threp gngine programs are (1) Engine
Component Tmproveément--directed at current engines,
(2) Encrgy Efficient Engine--directed at new turboe
fan englnes, and (3) Advanced Turboprops--dirvectcd
at technology [or advanced turhoprop--powered ale- -
eraft with cruise speeds to Moch 0.8, Unique pro-
pulsion system interactlve tiecs te the alrframe re-
sulcing from cogine design fentures to reduce fuel
consumption nre discussed. Emphasis {s placed on
the advaneed turboprop sinmce it offers the largest
potential fuel savings of the three propulsion pro-
grams and also has the strongest internctive ties
to the airframe,

Introduction

One of the major reasons the United Stetes was
able to develop into a country ot world dominance
was the possession of unlimited cnerpy producing
natural resources and in particular fosskl fuels.

In the last twe decades, our growtl and consumer doe-
mand have begun to exceed our own supplles. The re-
sult has been an inercasing dependence on abundant
foreign reserves, The effect of this perilous de-
pendency began to be felt in 1973 with the OPEC oil
embargo. With supplies suddenly and drastically re-
duced, the price of fuel took an equally sudden and
dramncic incrense. The impact was felt by mwost ele-
ments of business including the alr transport indug-
try, Fuel suddenly became the major portion of the
direct operating cost (D.0.C.) of an aircraft as
shown in Fig. 1. Until 1973, the various elements
that together make up D,0,C. (fuel, mainternece,
crew, and others) were all increasing at ouly a mod-
eskt vate. However, between 1973 and 1975 the price
of fucl more than doubled. Using a domestically
operated Boceing 727 as a rvepresentative aireraft
(Fig. 2) fuel accounted Cor 26% of D.0.C. In 1973
and by 1977 had increased to 41% and 1% probabl: a
higher percentage today. Every fndication is thot
[uel prices well continue to ilncrease rapidly in

the near future, as the demand Ls sEill continuing
to grow even at the higher prices. Some conserva-
tive estimates have projected thot demand for fuel
for air transport use may double by the year 2000.

" In order for the airlines co remnin economleally

viable, reduced fucl consumption has become o prime
objective for the near term and on absolute neces-
sity for the future.

NASA Afreroft Enerey Efficlency (ACEE) Program

In response to this need for greater fuel effi-
cliency the Natlonal Aeronauties and Space Adminis-
tration (NASA) in 1976 began the Aircraft Energy

#Project Engineer, Encrgy Conservative Engines
0ffice.

Ohio 44135

Efficiency (ACEE) program. This program is broken
inte twe malor areas, propulsion, or cogine related
efforts, and acrodynamic, or atrceaft velated pro-
groms (Fig, 3). The alvcraft related projects -
the Energy Efft:lent Transport, Lamlnar Flow Can-
trol, and Compoulite Components and Primary Struc-
tures - are mantged by the Langley Rescearch Center.
The three propulslon relaced arcas nre managed by
the Lewkis Resecarsh Center. These three programs
and how they will impact future alreraft design is
the topic of this poper.

The potentiol fuel savings and twchnology
availability of these progrums is shown in Fig. 4.
The Engine Component Tmprovement (ECL) project la
directed at improving the fuel efficiency of future
production of currvent cnglnes; the Genernl Eleetric
Company CFG and thi Pratt & Whitney Alrvcrafc Group
JT8D and JTI9D. These engines power the wnjority of
todays commercianl jet alrcraft. The E.C.I. project

is devoted to boch improving the performance of en-

gine components as well as devising means to retain
high engine perlormance as engine [light hours ac-
cumulate. This progrom offerg the promise of near-
term fuel savings of about 5%. These are lmprove-
ments te current cenglnes powering today's nirmraft
and those of the near future. The impact of these
improvements on future new aircraft desipns will be
small and therefore the £,.G.T, cffort will not be
discussed further.

The second ACEE propulsion effort is the
Energy Efficient Enginc (E3) project which involves
developing and demonstrating the technology base
for achieving o potential fuel savings of 15-20%
ever current cnglnes. Derivative engines incorpo-
rating e:lements of this program could appear on the
market in the mid 1980%'s, depending on the evolving
market needs. This program, because it is aimed at
new engine designs of the future, will have an im-
poct on ond provide new challanges to engine/air-
eralt integration,

The third ACEE propulsion effort s the Ad-
vanced Turboprop (ATP) project. This effort is
directed at establishing the feasibility of radi-

cilly improving propeller driven propulsion systems .

to the point where they can be effectively applied
to future commerclal alr transports. Such propul-
sion systems, when developed, are expected to pro-
vide at least a 15% fuel savings cover a new turbo-
fan powered afreraft, where the turboshaft engine
driving the propeller hinos the same level of tech-
nology as the new B~ turbofans., Thus on advonced
turboprop system eould offer about 30-35% fuel sav-
Ings over current engines. Based on an agressive
technology development program, the advanced turbo-
prop technaslogles ¢ould be available by the late’
1980's, thus starting to appear in commercial air
transports in the wmid 1990's. The challenge of a
Mo = 0.8, 30,000 ft turboprop opens a whele new
arca In englnefairerait integration and aireraft
design, . .
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Enorpy Efficient Enpine (E9)

Flgures 5 and 6 show sclhicmatics of the General
Electrie and Prate & Whitney energy efficient on-
gine baseline desipgos respcc:chlg, uglng compo-
nents to be fnvestigated In che B4 program. Both
engines are high bypass ratlo turberaas (G.BE.:

e 6.9; P& W s 6.6). Apgressive technology
advancements are incorporated in most of the compo-
nents in both engines,

Generul Electrlic Configuration

The General Electric design utilizes a low tip-
speed Fanp with a low placement ¢f the mid-span
damper to achieve aover 88% efflciency. The novel
quarter stage booster design serves a dual funetion,
It aids matching of the fan and core streams, and
additionally centrifuges any foreipgn objlects away
from the core stream thus reducing F.0.0. erosion
in the core., The compressor praduces a 23:L com-
pression racio in only 10 stages with o polytropic
cfficlency of aver 90%. The coubustor is a two-
zong, double annular design, This rvather complex
configuration {5 required to mect the stringent
emisslon goals., The two stage high pressure tur-
bine is designed to achieve an cffleiency of 92%
and incorporates active clearance contypl and ad-
vanced materilals, The low pressure turbine has
five stages and was designed to be a low noise con-
figuration.

Pratt & Whitney Configuration

The Pratt & Whitney engine design has a very
aggressive fan design which incorporates unshrouded
hollow blades. This will require advaenced design
and manufacturing techniques to keep the blades of
a nominal sfze while still being strong and light
weight. The Pratt & Whitney design hos low and
high pressure compressors. The high pressure com-
pressor has 10-stages and o 14:1 compression ratie,
it incorporates supercritical airfolls, trenched
cases, and actlve clearance control to help achieve
a polytropic efficiency of over 90%. The P & W com-
bustor 1s algo & two zone design for low emissions,
but the two burning zones are atrranged axially in
series. The high pressure turbine is a single .
stape design to goin the cost and maintenance bene-
Fits assoctated with fewer hot section parts. To
achieve the required high efficiency of 88% will
vequire advances in several areas including ad-
vanced airfoils {mproved cealing schemes, and ad-
vanced materials, The 4-stage low pressuve turbine
is counter-votating and {ncorpovates low leakages
and active clearanece controls,

Long Duct-Mixed Flow

As can be seen, both engines are long duct
mixed Flow designs., Both engine manufacturers in-
dependently selected mixed flow designs as & nieans
of both Improving performance and reducing noise,
Figure 7 shows the potential performance improve-
ment due to mixing. The gains in SFC are shown as
a funetion of mixer pressuré drop for eonstant val-
ues of mixing effectiveness. The objective 1s to
achieve a high mixfng effactivaneces with a low
pressure loss in a short mixing length and without
any large weight penalties. Large SFC henefilts
(3-4%) sre potentially wealized with a mixed flow

system. Improvements as high ns 2.5% have been
demonstrated on an engine In o test cell at NASA
Lewls with o moderate tailpipe length L/Doff= 1.2.}
The two E3 poals of 75% ond 85% wmlxing elffective-
ndag with a very low (0,2%) pressure logs would
yleld R.1% and 3.5% SFC {mprovemonts ond are to be
achicved with vory short mixing chamber lengths,
Libagr = 0.5 and 0.6, vespeccively.

In addition o improving performance, it is
ancicipoted that the mixed flow engine with irs re-
dueed Jet velocicy wlll elso provide a 2-5 dB nolse
redyction, Model parsmetric test programs are cur=
rently underway investigating both the performance
and the acoustics of a matrix of mixer designs.

The mixed flow does require & long duct na-
celle which will require new ideas for wing/pylon/
nacelle désign. 1In erder to address thils area, o
caoperative test propram will be run envalving NASA
Lewls, MASA Langley, and the Gencral Electris Gom-
pany. A model of the £ nacelle, housing a turbofan
simulotor, will be tested at langley under & super-
erftical wlng a5 shown in Fig. 8. Also shown i5 a
photograph of the medel £3 nacelle. To establish
interference drag, the half span model will be
tested without the pacelle and the nacelle will
be tested isolated mounted on a strut. The nacelle
wlll then be mounted under the wing and the com-~
bined installed performance determined. This will
be done for five different nacelle locations rela-
tive to the wing as shown in Fig. 9. The reference
polnt {8 the center of the nozzle exit and the na-
celle is shown in position No. 1, The other four
positions are denoted by thelr respective referecnce
points with varfations beinpg in both the vertical
distance below the wing and the hovizontal distance
relative the wing leading edge. Thig will help
datermine how the interference drag vories with
various pneitions of the wing/nacelle combination,
BEach of the three major alrframe companies (Boeling,
Douglas, lLockheed) were ashed where the best loca-
tion for an E3 type nacelle would be., The five
test locations provide a perturbation around the
resulting position selections, All the test data
will be made available to the alvframe companies
for their Independent analysis. Flgure 10 shows a
drawing and erossection of the Langlcy designed

pylan for these tests.

Advanced Turboprap

The Advanced Turboprep project is the most
challenging of the three A4.G.E.E. propulsfon ef-
forts, but slso has the largest petential fuel save
ings. It must, of course, compete with currant and
new turbofan cngines and so must be able to fly at
high speed {Mo = 0.7-0.8) and at hizh alcitudes
30,000 ft and above). The objective, therefore, is
to develop enabling technology to permit afficient,
reliable acceptably operational turboprop aircraft
that can £ly at these conditions.

The ATP effort is broken down into phases, as
shown in Fig. 11, -The first phase involves sub-
scale model testing i severasl different areas in-
cluding propeller performance, propeller acoustics
and propeller/nacelle/aircraft interaction effects.
Propeller efficiencies above 8Q% have baén demon-
strated to date at high Mech numbeis {n model tests.
The next logical step beyond phase % is large scale
component verifiecation teading to fiight tests.
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The four major clements of phose 1 are sliown
in Fig. 12, ‘'Ilhe various clements arvg not alwoys In
harmony with each other, For example, n propeller
with high propulsive effleieney may have acoustic
propertics that are close to the natural Froquency
of most aireraft structures thus creatlng a natural
resonance; or the engine or gearbox may be too
large in some local arcas, thus requlring undesly~
able contour chapges in an otherwise promising
nacellefwing deaign, The vorfous elements must be
drown together and tradeoffs made to achieve the
optimum system design.

Propellor/Nacelle

The [irsc element, propelier/nacelle, involves
the asrodynamic and accustic performance of the new
designs, The odvanced propeller/nacelle designs
arc considerably diffevenc from past turboprsp con-
flpurations. Figure L3 shows n comparison of an
advanced propeiler with the four bloded propeller
uged on the Eleetra. The scale is the same, empha-
slzing the smoller size propeller and radlcally
dlfferent blade shape of the now design. The ard-
vanced configuration has 8 or 10 highly loaded
blades to keep propeller diamater relatively small,
The blades are very thin and highly swept (possibly
ag high as 60°) and twisted to minimize compress-
ibility losaes and propeller noise during high
speed crulse. An aren-ruled spinner and an inte-
groted nacelle ghape would nlso be used to minimize
compressibility losses in the propeller hub reglon.

The measured performance of three new propei-
ler designs is shown in Fig., 14 for a power loading
of 37.5 horsepover per sguare foot of dlsc area,
All three were tested as 2-ft digmeter models in
the NASA-Lewis 8x6 Foot Wind Tunnel. As can be
seen, high levels of efflciency were mensured at
Mach numbers up to 0.85. The new long chord highly
gwept (459) blades ylielded the higher performanca,
The highly swept blades also resulted in lower
noise as shown in Fig. 15. The configuration with
459 of sweep was G dB quieter than the straight

- blade configuration,

The experimental propeller nolse levels wea-
sured to date involve somc degree of uncertainty
because of the limitations of measuring noise in a
wind tumnel. Two tests have been run. The flrst
was run at Mach 0.8, but had possible woll reflec-
tion interferences. The second was in an acoustic
tunel but was limited to a Mach number of 0.3,

As a result, NASA is proceeding with a pregram to
record propelier nolse in flighc., The test vehicle
will be a NASA owned lJet Star, shown in Fig, 16,
modified to carry a small (2-ft diam) propeller and
its air-turbine drive on the top of the fuselage.
The turbine will be powered with main engine bleed
alr. 'The near field noilse will be measured by
microphones mounted on the fuselage nnd data re-
corded at conditions from takeoff to Mach 0.8
crulge. Testing will begin next year. The results
from thesc tests will be used to upgrade the nolse
prediction progrems and to provide input for the
fuselage sttenvatlon studies.

Cabin Environment

The sccond element on Fig. 12 1s cabin onvi-
ronment. In order for an advanced turboprop
powered aircraft to be viable, it must provide

'y
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equal cobin comfort with that of current turbofan
powered transports, In order for the advanced
turboprop to do this, it must overcome the problem
of ita high near field nolse. This may be the most
challenging part of the program and could have n
big Lmpoet on the alrframe design.

Three new propeller designs as previously
stated, have been tested in the wind tunnel for
both gerodynamic and acoustic performonce., The re-
sulting near ficld nolse levels fall in the band
shawn on Flg. 17, and have a Yower limit of about
140 dB. With the aiccraft operating at o cruise
Mach number of 0.8, tronsonic propeller tip apeeds
result, This is the prime gource of nolse. Some
of the new designs hove fnrorporated varying de-
groes of sweep which, as would be expeeted, does
lower the noisc because of lower relative tip Mach
numbers., WLth [urther improved propeller design
techniques, {t may be possible to lower the propel-
ler nolse still further to about 130 dB,

The desired sound lgvel in the caobin {s based
on a value of 75 dB on the A scale at 160 Hz, This
frequency corresponds to the blade passage frequen-
cliea for these designs, ond this s where the major
nolse source occurs, Converting this 75 dB from
the A scal® to sound pressure level ylelds a value
of 90 dB (shown on the bottom of Fig. 17). Conven-
tional [uselage acoustic treatment eon provide
noige supprassion of abaut 15-20 di. This would
permit the nolse level outside the eabin to be ap-
proximately 110 dB. With Improved fuselage treat-
ment, it ls eatimated thls permisable level could
be as high as 140 4B, A4s seen on Fig., 17, the two
bars overiap indicating thot it should be possible
o achieve the desired noise level inside the eabin.
The selution, liowever, is not a simple one, and it
invalves several olreraft trades. Engine location
can provide banefits, but with some possible pengl-
cies, Moving the engines furcher outboard on the
wing, increoses the dlstance to the cabin, but
would have associated structural and weight draw-
backs, Placing the engines at the rear of the air-
craft behind the passenger compartment may achicve
similar benefifs with lesser penalties.

While carcful placement of the engines can
provide some bencfitbs, extensive [usclage suppres-
sion will scill be required. It appears possible
to further attenuate the noise using conventlional
treatment techniques, but the fuselage and eabin
weight penalcies bepin to erode the potential fuel
savings. Therefore, new ldeas are necessary. Fig-
ure 18 shows the relationship between the fuselage
suppression and frequency level. TFor a convention-
al fuselage, the suppression has a minimum in a
discrete freguency band. Unfortunately, this mini-
mum suppression area is very close to the propeller
blade passage frequency, Three possible concepts
to linprove suppression are shown. Increasing the
stiffness will reduce the amplitude of the excited
vibrations and shift the natural frequencies to
higher values away from the blade passage frequency.
Another concept fs strueturally tuning and damping,
whers the structure is designed to excite at pre-
ferred modes of vibration that con be easily damped.
The double link wall concept invelves o modifica-
tion of eurrent fuselage and cabin walls to opti-
mize the distribution of mass, stiffness, and damp-
ing. This concept thus becomes more effective at
higher frequencica, and it mey be advantageous to
increase the number of blades. ‘Fo date, some
limiced experimental results have been obtained for

ORIGINAL PAGE 1S
OF FOCR QUALITY

R

PR
e e A i



all three concepts. The finol optimized configura-
tien to yleld maxlmum suppression with minimum pen-
alty may involve some combinatlon of each of thege
concepes,

Studles were recently completed by Dolc,
Baranck and Newman pnd the Lockheed Californla Com-
pany to irentily fuselnge design concepts for ob-
taining iow cabin nolse levels with mininum acous-
tic weight penalty to the aireraft, The Lockheed
concept £s shown in Fig. 19. It fs n double walled
deaign that incorporates the benefits of masg-1like
behavior, increased seiffening and damping. The
estimated welight penalties for three possible trans-
ports are also listed, The planning effort fs now
underway to define small scale and large scale
model test programs in order to conduct the rests
required to validate the analytiecal teols used to
compute #coustle welght penaltles and interior
nolse levels.

Installation Aerodynamics

The third element shown on Fig. 12 Ls Installa-
tton Aervodynamics. This invalves the challenge of
integrating propeller design with wing design to
achieve the best combination of cngine cfficiency
and alrecraft lift to drag ratio, while at the same
time maintaining adequate stablllty and control,
The initial aircraft studiecs identified the fntegra-
tion of the turboprep propulsion system with the
airframe as one of the areas of high uncertainty,
particularly because of the possible large inter-
action between the slipstream and wing. These
interactions could be particularly severe for a
supereritical wing, The section of the wing In tho
slipstream can operate in drag-vise, effectively
reducing the installed performance of the propeller.
In addition, the propeller will be subject to a pon-
uniform flow f£ield created by the airframe, thus
potentially reducing Lts performance, Convergely,
there i a possibility for swirl recovery, thus in-
creasing the performance of the installed propul-
sion system,

To reduce the uneertalnties assneiated with
the installacion of these advanced turboprop sys-
tems, a combined experimental and anslycical re-
search program lias been initiated by the Ames Re-
search Center,* This consists primavily of two
wind tunnel programs, one with a wing body and a
glipstream simulater and the other a powerced semi-
span test, Only vesulks [rom the former are avail-
able to date. Flgure 20 shows the slipstream simu-
lator and the wing body modei installed in che Ames
14~Foot Wind Tunnel. The sllpstreom was generated
using an cjector driven nacelle mounted in fromt of
the supercritical wing. The nacelle was powered by
20 sets of ejector nozzles which controlled the
velocity and swirl of the slipstream. The wing/
body model was mounted on a force balance, The
simulator was designed to simulate the slipstream
characteristics of an advanced propeller design
previously tested. A comparison of both swirl
angle and total pressure profiles from the slip-
stream simulator and values measured behind a model
propeller are shown in Fig. 21. The agreement In
both variables is fairly good. The only dlsagree-
ment 1s seen abt radius ratios which 1lie directly
downstream of the nacella walls. The viscous wakes
shed from these surfaces cause a deficit In the
total pressures at thege locations,

The ehanges in alveraft drag with swirl angle
for two Mach numbers are shown in Fig. 22, ‘The
change in drog is velative to the drag of the wing/
bady alone with no slipstreom. When the slipstream
was turned onr with zero swirl on increase in drag
of about 2,57 was scen. ‘This Inereased drag re-
mained until swirl angles somewhere in excess of 79.
Beeween 72 and 119 the drag dropped, and at 11° o
benefieal eEfect was seen, The new propeller de-
signs are highly loaded nnd swirl angle gencrally
increases with higher power loading; this effcct
thug becomes an important consideration in oversll
system desipn, and indicates the wing should be
tollored for optimum swirl recovery, Although this
phenomena s not fully understood yet, it indicates
that the installation drag of oan advanced curboprop
system bas the potential of being better than that
of a comparable turbofan.

‘Mochonienl Compopents

The last of the four elements in Fig, 12,
nechanical componentis, inecludes the propeller, gear-
box and engine. The components must be designed
and packoged in such a way that maintenance and
relighilicy will be much improved over that experi-
enced by the past older technology turboprop air-
eraft. An analysis of Zlectra propulsion system
data by Detroit Diesel Allison® has Indicated the
major area where improvements arc required, Pre-
Liminary concepts [or gearboxes ond propellers have
indicated that drastic reductions In maintenance
cost may be possible. Bven with the very high
maintenance cogts of the Electra system, however,
the fuecl savings of the advanced turboprop still
yvields large savings in DOC. As was shown in Fig, 11,
Future phases of the ATP program will address this
area further, includipng full scplc propeller Fabri-
catlon and test and gearbox system analysis.

Summiary

In sumnary (Fig, 23), the current internatlon-
al political and economic envirenment necessitates
that our avallable energy supplics be used as effi-
clently as possible, This is especilally true for
the aly tronsport industry as the price of fuel
continues to climb. NASA - through the Alrcraft
Energy EfTlelieney progrom - 1s developing the tech~
nology which will enable a continued veduction in
fuel consumption, Specifically, for the propulsion
system, three cfforts are underway to improve cur-
rent alrveraft cngines by obout 5%, to develop tech-
nology for new engines with 10-15% improvement, and
to provide a technology base for future systems
with sovings as high as 35% above the engines in
gservice today. ‘The new propulsion systems, however,
will provide new techinical questions that must be
angwered, Future turbofan engines such as E3 will
probably be long duct mixed flow designe that must
ba carefully integrated with the alrcraft so that
the gains due to mixing are not lost through added
weight or interference drag. The advanced turbo-
prop system also musk face integration problems
both for performance aud noise. The noise problem
in particular sppears most challenging, but initial
studies have yielded encouraging results. The po~
tential fuel savings are large and with proper in-
stallation gven hipher savings con be realized.
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® ADVANCED TURBOPROP

AERODYNAMICS AND AIRCRAFT STRUCTURES
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Figure 3, - NASA aircraft energy efficiency program,

O o MeD RANGE
MISSION . ADVANCED
o SAVINGS RELATIVE . TURBOPROP
30— TO CURRENT - (ATP)
ENGINES

ENERGY EFFICIENT ENGINE
(E) :

FUEL SAVINGS, %
S
1

10—
ENGINE COMPONENT IMPROVEMENT
{ECT) _
0 | ] I i
1980 1985 ©1990 1095
Cs-79-2233 TECHNOLOGY READINESS DATE

Figure 4, - Fuel savings and technology readiness dates of the |

ACEE propulsion projects,
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Figure 5, - General Electric energy efficient engine configuration,
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Figure 6. - Pratt and Whitney energy efficient engine configuration,
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Figure 7. - Potential benefits of a mixed flow system,
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Figure 8. - Model hardware for interference drag testing,
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PHASE I - ENABLING TECHNOLOGY

SUBSCALE COMPONENTS ;
o PROPELLER DESIGN PARAMETERS {
® FISELAGE NOISE ATTENUATION :
@ AIRFRAME INTERACTIONS

FUTURE PHASES
LARGE-SCALE COMPONENTS - DEVELOPMENT & VERIFICATION

® PROPELLER FABRICATION _ .
® PROPELLER AEROJACOUSTIG/STRUCTURAL SCALING VERIFICATION ;
® FUSELAGE SEGMENTSICABIN ENVIRONMENT
o ADVANCED GEARBOX & PITCH CHANGE SYSTEM
@ AIRFRAME INTERACTIONS
® INSTALLED PERFORMANCE
® OPERATIONAL EFFECTS
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PERFORMANCE
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Figure 11, - Phases of advanced turboprop program,
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Figure 12, - Major-elements of phase I of the advanced furboprop it
project, ' ‘
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Figure 13, - New and old technology propellers,
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Figure 14, - Measured propeller
efficiency.
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Figure 15, - Noise comparison
of advanced propeller models,
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Figure 16, = Concept for high-speed propeller mounted on NASA Jet Star
airvcraft for in-tlight acoustic tests,
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Figure 17. - Cabin noise - propelle’ aircraft trades.
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STUDY CONCLUSION: INTERIOR CABIN NOISE GOAL OF 80 dBA APPEARS ATHIEVABLE
WITH CONVENTIONAL ALUMINUM FUSELAGE STRUCTURE
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2 ENG SMALL A/ 32, 000 .33 Lan 551 Ib L7

*PENALTY OF 5220 Ib USED IN AUGUST 1977 LOCKHEED RECAT STUDY

Fiqure 19 Summary of Lockheed fuselage acoustic design study

Figure 20, - Slipstream simulator and wing body installed in Ames Wind
Tunnel (ref, 2,),
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Figure 21, - Comparison of simulator exit flow
with model propeller data (ref. 2). M,=0.8.
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Figure 22, - Effect of simulated slipstream on aircraft cruise
drag.



CURRENT ENVIRONMENT DICTATES MORE EFFICIENT USE OF
AVAILABLE ENERGY RESOURCES

NW AIRCRAFT PROPULSION CONCEPTS AND SYSTEMS ARE
~EING DEVELOPED THAT WOULD REDUCE FUEL CONSUMPTION
BY 5 - 35% OVER CURRENT SYSTEMS

NEW SYSTEMS POSE NEW ENGINE/AIRCRAFT INTEGRATION
PROE' EMS

PROPER INSTALLATION, INTEGRATION AND AIRCRAFT DESIGN
CAN YIELD FURTHER FUEL SAVINGS

Figure 23. - Summary.
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