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You are now sitting in the air passage of a large wind tunnel. To 

your left is .the wind turmel filter system and beyond that is an 8 foot 

by 6 foot supersonic test section. Several years ago, a new 9 foot by 

15 foot low-speed test section was added -within the existing ·wind tunnel 

structure. It is in this test section where research is underway on a . . 
new type of ene;ine that will be required for powered lift airplanes. 

/"1 /oOff f~ p ~1i'?JV11 Pt::ev::~~r1n1v"J.S 
In. thi z :iz;i.z;·0 r;:+i-cn thei·e are three~s devote_d to describing re-

search related to aeronautics. Their subjects are those identified in 

a recent govern~1ent study as being the most :i..rnportant to the future of 
\ 

aviation, na~ely: air pollution, noise, a..~d air traffic congestion. 
'Pe~;;t:".N l.4Tto ,J 

This~~ will deal vri th the airport congestion proble::i and how powered 
. ~~u;w.Jd._. . 5H,~ <..t..~·LIJLCF 1-je;{)Cl__ .. . 

lift using an advanced engine such asAthisl\(point) will help solve the 

congestion proble:!!. 

Air t~affic congestion is a proble~ th~t most of us have been ex-

J;>osed. to· at one time or another. Many of our large airports are oper

ating ·at or in excess of their normal capacity resulting · in ·the familiar 

delays i~ departure and arriva~. times. Becaus~ we're most familiar with 
~ir t:n(~~c. 
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the Clevelc.:1d area, we'd ) il:e to discuss thctisi tuatio!l at the Hopkins 
ffAJ ex.41-1p1.eo-f' 

_Airyort. A.y-o>.!.'ning a -:w.e..~i-e:rJy- Pindj\the opern.tion at Hopkins is illus- SµD~~ 
• • · ..A tu ~ ta, 1~ Uf.' ·;( A. n)' OJ!.1', 

trated by th~ upper displa~ . .(} 5S...: 11~'!-J ~t- :· · l1J~µ .,, ft 7 n\~ b;;.:,1) nr ... :i 

At /!.(>/..,1,-0.:'"5 .Af¥'1.<J iv4 Ff-l.:-1-1 TJ/ ~ ii.{..-&--:.. I, • . · . . • 
Hopkins has a sinGle east-1-~est nmway 600~ feet in length. (Li.Q-it 

Rummy) (Start Airpl:1ncs) The flashing lir;frts represent conventional 

cammer.cial~· p~ssenc;cr tro....11sports a:pproachinG the runway at 160 mph. They 
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are npaccd in the air o.t the minimum safe .scpar~Uon dis ta.nee. Thus the 

runway is operating at its capacity as shown here .in fast time, that is, 

at.a takeoff about .every three minutes in real time. 

That a congestion problem is imminent at Hopkins, as well as other 

major airports, is shmm by this slide. Here we've plotted the ~!'.Qj~~~ 

number of p3.s s er..J_e;rs t.ha_-'1~,.,. w~\L+ fJ;l. each yf3.ar i+n the_ Uµ~ tcd States against 
. . C:\S p.r~j({Js:d 6'1 t.i'- r\L"r'_ H~l\Sf\'(t /-&'>CCL."tl.h,ot\. 
the yea r/\ Ai r travel has increa.s.ed in the past and it is projecte~ to 

continue to increase perhaps as much as five times by 1990. We could 

increase airport capacity if vte could add new runways but, at Hop~:ins as 

at most airports there is not room for long rlh'1-,7ays 1r.i:l~hin the present 

boundaries. 

The solution to this 1;i.l~:a :)..:j_es in observing that about half of 

all the air travel is for tri~~ of less than 500 miles range. 

At present both short and long ra.~ge.trips are made by the sa.1ie air-

planes whic)1 require the same long runways. However, these (point) short 

:range trips ar_e feasible and economic.al for . airplanes that use shorter 

Thus one. approach to relieving the congestion is to direct the 
. . . ' 

short range traffic to new or alternate shorter runways. · Such a runway 

could be located on the Hopkins 1'.J.rport, as shmm above. 

This additi onal short runway will inc1·ca se the airport cap3.ci ty only 

ii' the ail·plane approach paths for the two rurn.:ays don 1t interf'~re with 

each othc1:: ·Fortunately this is the casccr ~ ... sg-..;;,;:;~:;2$-;::u:~·m:.~~. 

The airpla nes using the shorter rwYl·t~.y must· approach at a slower speed, 

about 100 mph. (Start STOL airplQnes) . Because of the slower· flight 
.• 

speeds the airplruics can approG.ch more steeply _{·:r~> and m:::i.ke smaller 
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radius turns clo::>er to the airport · (~.±n::tt: 

,\ . . 
~_:f.lieht pathQ ~re-

re. quir~ adva.ri.ccd approach control systems that are currently being developed 
. 

by the F.A.A. fl;s-=stre'tm;=;;tlli·~_::a·~-~roThe flight path shown uses airspace 

--· not ~se~ by the long ~unway airplanes . 
.. 

Thus 

the co:nbination of long and short runway airplanes can double_.the capac-
·~> 

ity of this or a'1y existing F..:ajor airport~ 

A short field length airplane can be used in another ~-ray to relieve 

congestion at the rr..ajor airports. Around.any large. metropolitan area 

there are a nw-Jber of smaller airports. The.situation in the Cleveland 
"ere· . -r 

area is shown i~:;.~e . Here is Hopkins a,irport0~~ there are nir.e 

other snaller a5.rports in and around. Cleveland thai have rumra.ys over 

· 3000 feet long. As ex~'"'.lples the Burke lake.front Ji..i1-port is in dmmtmm 

Cleveland, and T'ne Cuyahoga County Airport is conveniently located for 

Clevela..ri.d' s east siders. With' ·a short fi"eld length airplane these 

smaller airports can .be used to relieve ~he congestion at Hopkins, and 

.at ~he same time improve the convenience of air travel for the people 

in the vicinity of tho;.e airports~ Because the short runway airfields 

are srnalle1·, and are located within business or J?Opulation centers it is 

necesqary that the airplanes' tha.t · use them be much quieter than the con-

ventional airpl2nes that operate out of the major airports. 

-As \re 1ve just sho1-mJ · a;n attractive approo.ch 'to relieving the con-

gestion problem is the short runway airplane{ To address the question 
w e.1 v e. . <:, "0-W I"\ 

of how to get such an airplane, t~~s the relation betl·:ecn 
·rvnwc1;1 • 

-£::i3tlrl.length, .ap:prroch speed) and lift system. Conventional cof!ll:iercial . . 

nirplancs require o. 5000 to 9000 foot runw2-y because they appro:l.ch at 
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speeds of about _160 mph. The wing with mechanieal flaps provides all 

the airplane lift and the engine is used .only to provide the thrust • 

. ·TO achieve runways of 2000 to 3000 feet requires approach speeds of 

about 100 mph. This is accomplished by the use of powered lift. By pow-

ered lift i,.;e mean that the wing and engine work together to P:r:.ovide a 

greater amount of lif't than the wing alone can provide. With this higher 
.. 

lift the airpla..ne can fly at a slower speed e..nd the landing dist2.!lce is 
.· 

then shorter. The engine n·ow has two funct.ions; it must work with the 

We will demonstrate the principle of pm.:ered lift for the kind.. of 

system called the externally.'.blmm flap • 
. Thls 3 · . 
&.c::t1T~ is A wind tunnel with a transparent wall. In the wind . 

tunnel is -a wing ·wit~ . the flap retracted, 8;nd engine located under the 

,\Tin~. ~..:'.f:"':"~~i:;:~~-(turn on wind tunnel). The white 

us see the airflow. Consider thit the wing is flying ai approach speed. 

The wing alone with flaps rctraG"ted and at zero angle of attack produces 

nearly straight flow st!earr.lines. T'nis indicates little lift as shmm 

by the first lift bar. In general, the maenitude of the lift can b'e 

jucJ.eed by ·how much the streauD.ines are displaced from a horizontal posi-. 
. . ~ . 

tion. I~-1~~-~..:...,;;..~;'2~~~~+-#-~~~~ ,. ~- -- ··-- ~ " . . . -

.... 

• ·I . ::;-t / .. _ .. 
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The corresponding increase 

.in .lift is indicated by the second bar. In order to achieve this lift 
help 

its necessary to have these slots in ·the flap tC'f\_keep the flow attached 

to the wing and flap upper surfa ces. Tni i-s an xample of the mechanical 
~- /:; ; r .> ; ·:1:-- :./-:~·-~- -~c:..~-Lt:of\.'eJ f:i.,~..s 
f~ap sys..+ sed: b t'otlay 1 s cc:="'~~ airk~. --«B::Y'3he=wing 

This is iike- the-mechani cal f lap si~tem used ·on today's- long runwa y air-
in t hat·-i t rodynamics do aepend on .-tre -engine · runnin Now 

we'll t urn on t he engine . This isApower e d l ift. 

~e jet blm-~s into t he fl2.?s ·where it is tm·ned 

dmm and increase s t he lift in two ·ways. (1) D=flecting the jet do-vm 

yields jet lift directly a,..rid. (2) t.he location of the deflected jet at the 

·wing trailing edge increases. t~e lift on the wing its elf. As can be seen; ~ 

all the . str ea:nlines are further displa ced upward and the lcv;est str~a.mline 
T,r

now passes_·. over the 1,o:f the wing. 

the third bar. With this powered 

The lift has about doubled as shOim by 
;/ e It~ Y'.I fr->~-/ 

lift system ~e now have -pre"-"-t-:.Pd' enough 

. .• .. ·- ··-·· · ·- . .. . ----------

This i~ an ·exa.iilple of powered lift that was first suggested at the NASA 

la.ngley laboratory. 

~::!.!1- · .. .. ~, fih. splac i ng the strea.i"lllines up:.-rard is favorable 
~~.., L"d;cdes 

because it ~---!:~" i n an increase in lift. However, it also causes a 

very high ~pflow a ngle for the· engine inlet • . ·Designing inlets to operate; 

properly in this hit;h lift envil·on.'Y,t:nt is one of the problems we' re work-
... 

ing on i.n cur low speed wind tunnel • 
. • 

As we . noted eaxlicr, low noise is especially i mportant for short 
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runway airplanes • . An arrange:nent of engine and wing system ·which has 
here. 

been found to be quieter than the one just demonstrated is shown ~-!1e 

~·· Here the engine is located above the wing. This shields -t;;he 

engine jet noise from the people ·on the ground. This arrangement is 

also being considered for conventional airplanes to reduce their noise. _,. 

One might wonder if the jet is now _turned down;rard by the flap as it was .. 
with the engin8 under the \Qng . 

(Turn on right ·w . t. ) Again, for no flap de:flt::!ction there is little lift . 

and the strear.ilines are straight. W:lth the engine off, but with the 

flap deflected the strea::'llines are displaced and the wing produces a 

significant lift. (point to lift bar) However the .flap system does 'not 

have slots ar.1 you 111 notice .the flow is separated from the flaJ?s·. When. 
. 

we turn on the engine; the jet attaches itself to the flap and is turned 

down just as it was with the engine under the wing. All of the stream-
M\~· 

lines are displaced up1-tard) and again the bottom strealine has reached 

the wing just as it did for the engine under the \ling. The lift has 

again increased (point to lift bar) to the value required for a short 

runway airplane. 
~->-······ 

The two powered lift syste!J.!s.we've just de!!lonstrated are called blmm 

· ' ) flap syste!Tls because the engine jet blo~;s into or over the fle.ps ._ 

.• 
What airpla~es look lik~ tpat u,se these .Po~·crcd lift systems is shmm 

.h,.- c" u.txk ... lLz v.,.~I\~ ~c.G.ll? b:t'" ~ ~(\ c_ve.-ue, lk~s · J1 ~ I lv-.1¥ \ ( r.<,\, 
by these two models.( _ 1ey both have high wilnt;c ±19 allowsfor the large 

d fl t · f th · -'- ~ .... ~ - · · - -....-..::. .... ' -~ n~ · ' · --·- ~ · - - ,-::--- J th e ec·ion 0 e Jev u~'!:~··;;;:::-" . -..;~.:_~~ w1en e 

airplane is usinG powered lift near the cround just prior to landing • 

.. 
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· There are other types of powered lift systems. One of these, -/:it#k 
· r~~A~~ · . 

s;q1~~~~ii.~ is the augmenter ·wing which is currently being tested SLIDE 
5 

on a research airplane at the NASA A~es _,Research Center. In this design ON 

powered lift is obtained by duct-ing engine. air into the wing and ex-

hausting it at the wins trailing ~dge through a duct formed by splittinG 

the flap. 

The mili t.ary also have important applj_caticns of short nun-ray air-

planes and early military operation 9f:.17t$./:-;~;:.,"; ... ~?)~ ·will yield tech-

nology to support the later civil airplanes. 

In our discussi.on we've shown t.hat pO'~·rered lift syste.--:!s are at't:cac-

tive approaches to achieving shorter runway airpla.'1es •, T"ne next speaker 

vill discuss the kinds of engines that the blmm flap airplanes 'Will re'"' 

quire. 

• 
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The engine required for powered 1 ift is new and different. We 

call it the quiet propulsive lift engine~ Over here {point) we have a 

model of such an engine. The actual engine wil 1 be perhaps 8 feet in 
and have a thrust of about 25,000 pounds •. . 

diameter/ We'll compare the quiet propulsive 1 ift engine with existing 
. types 

engines and then discuss the research it requires. The engine/ shown here 

are a turbojet which is used in military> fighters, a low bypass turbofan 

such as those used on narrow body transports 1 ike the 727, a high bypass 

turbofan as used on the wide bodied DClO and 747, and the newest engine, 

the quiet propulsive lift engine. The turbojet engine has only one flow 

stream, that is, all the air passes through the compressor and turbine. 
·. 

The three bypass engines have two flow streams, the outer stream that passes 

only through the fan, {point) and ~he core stream (point) that passes 

through the f a n and then the core compressor and turbine. The quiet 

propulsive 1 ift engine has a very large quantity of ai~passing through 

the fan compared with the flow through the core. The ~ypass ratio, the 

ratio of airflO\>J through the fan duct. to that through the core, is about 

six for the high bypass turbofan. For the quiet propulsive 1 ift engine, 

the ratio will be roughly double that. 

We've 1 i sted three characteristics of these engines; their noise, 

jet velocity, and jet t empe rature. First, \>Je will consid e r noise. Thi~ 
effective 

column 1 ists thd perceived noise level measured in decibels, for each of 

SLIDE 
6 

.. · :' 

the engines at a station 500 feet to the side of the runway during take-off. 
sizes of the engines show n and the noise levels are sca led to the same thrust. 

The I The ·short runway capability requires a higher thrust and this 

ordinarily wou ld mean that the airplane ~ill be noisier. However, the 

short runway a irpl ane will have to be much qu.iet e r than conventional 

airplanes. The slide shmvs that the quiet propulsive lift engine is 

qui ete r by a wide marg in. It meets the noise goals that have been set for th e 

short runway a irpl ane. 
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The engine noise is related to the jet velocity and as you see, the 

engine with the lowest noise also has the ·lowest jet velocity. But jet 

velocity is . important for a second reason. \.kien the engine jet blows into 

the wing flap system, this generates additional noise. This flap noise 

is reduced with lower jet velocity. Thus the quiet propulsive 1 ift engine 

also yields the lowest flap noise. 

Because the engine jet must flow into . the wing and flap structure, it 

is desirable that the exhaust temperature be low enough to be compatible 

with the lightweight, low cost construction materials. 

The slide shows that the quiet propulsive lift engine also yields the low-
• 

est jet temperature, and one which is compatible with an aluminum structure. 

For the quiet propulsive lift engine;. the engine noise is lowest, the jet 

velocity is lowest which results in reduced flap noise, and the exhaust 
important 

jet temperature is lowest. This engine meets three I .. _ requirements for 

the externally blown flap powered. 1 ift system whereas the other engines 

do not. 

·we have listed some of the areas that require research to arrive at 

an engine with optimum characteristics and will no~ discuss each of these 

in turn. 

1 

I : '•: ' 

SLIDE 
OFF 

The high bypass ratio results in a large fan diameter and hence a ' large. SLIDE 
8 

nacelle as is ev ident on the airplane models. With conventional nacelle. 

design and construction methods these nacelles would be heavy. There are 

several things we can do to keep the nacel I ~ weight reasonably smal I {Go 

to engine model). First, we can keep the nacelle as thin as possible, and 

secondl~, we shou)d keep it short. The length is determined partly by the 

length of the acoustic treatment required~ Thus acoustic treatment that is 

effective in a short length wil 1 reduce nacelle weight. Integrating the 

acoustic material with the nacelle structure will also reduce weight. 



-to-

Another reason for a short thin nacelle is to reduce its drag. This 

is especially important for high bypass engines. 

One of the factors making it difficult to design a short thin nacelle 

is the high up flow angle at the engine inlet duri_ng powered 1 ift. This 

effect, you'll recall, was illustrated in the wind tunnels. Research on 

both fans and inlets is required to achieve designs that will perform 
-> 

satisfactorily . at high inlet flow angles. 

Another important research area is thrust reversal during landing. 

After the airplane touches down for a landing, the engine together with 

the brakes bring the airplane to a stop in a short distance. Reversing 

• 
the thrust of the engine to stop the airplane is stand~rd airline operating 

procedure. The noise you hear and the retarding force you feel soon after 

your airplane touches down results when the pilot "turns on 11 the engine 

thrust reversers. As $hown on the next slide, the conv~ntional engine 

thrust reverser may consist of a vee-shaped target, wh .. iCh is inserted into 

the engine exhaust flow to reverse the fl.ow direction as shown here. For 

the quiet propulsive I ift engine with the much higher fan flow, a conven-

tional thr.ust reverser like this would .have to . ~e -large and· heavy. 

A 1 ighter weight, more effective method of obtaining 

reverse thrust with the propulsive 1 ift engine is to reverse the fan f{ow 

within the engine. The fan in this engine model is designed so that the 

setting angle of the blades can be varied. The blades are now at their 

normal s~tting angle. When we change the blade angle setting by 75°, air 

will pass through the fan in the reverse direc~ion producing a reverse 

thrust. We'll st.art the engine vlith the blades set in the forward thrust 

position. We have placed tufts a t three locations to indicate the direction 

of flow. Now we'll ch a nge the bl ade angle and you see the tufts change 

l 
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direction indicating a reversing of the direction of the airflow, and a 

reverse thrust. Flaps such as this one on the nozzle of the engine will 

open to accommodate the airflow that now must enter from the rear. On 

the next slide we have indicated the effectiveness "6f ~his method of SLIDE 
12 

obtaining reverse thrust. Positive and reverse thrust are plotted on the 

vertical scale. Tests here at Lewis hav~ indicated that the reverse 

thrust obtained by turning the rotor blades is about two-thirds of the 

engine forward thrust} more than ample for a short stopping distance. 

You'll recognize that what we've shown is similar to a reverse pitch 

prop~ller. However, a fan has 15 to 30 blades which must change angle 

compared with t wo to four blades for a propeller. We're learning how 

tq design the fan blading and the m.echanism, and to develop the bearings 

and materials, so that this can be done very compactly. This concept 

shows great promise and we are pursuing its developmen~:-

The fan is the largest rotating component in the e.ngine; therefore, 

it should be as 1 ight in weight as possible~ We have a research program 

to develop blades made of new composite ma terials such as those that contain 

glass orgraphite fiL e rs. These can potentially cut the weight of the fan in 

half while maintaining high ae rodynamic efficiency. 

In the qui et propulsive lift engine the flow through the turbine is 

much smaller th an that throu gh t he fan, so the turbine itself is · small 

relative ~o thf f an. Since the turbine must drive the fan, we've posed 

a very tough design probl em for the turbine. The next slide shows three 

possible turbine des i gns for driving th e fan of th e propulsive 1 ift engine. 

If conven t iona l t urbine s t age s are used, a long, heavy turbine as 

shown he re would be requ ired. The re a re t wo approach c~ to solve this 

probl em. One is Lo use gea rs be twee n th e fa n and tur bine , ano t he r i s to 

SLIDE 
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increase the work done by each turbine stage. We are investigating both 

of these concepts. The gear system allows the small diameter turbine to 

run at a higher rotative speed than the large fan so that only two turbine 

stages are required. However, this gearing must transmit a power larger 
a part of our 

than has ever been bu i 1 t into an a i rp 1 ane engine before. Thus/ research 

is directed to the problems of lightweight, compact, high powered 

gearing. A second alternative is shown here. If the work done by each 

turbine stage can be increased, we can reduce the number of stages from 

that required for the conventional turbine, and still use a direct drive 

as shown. Research on such high work per stage turbines is underway at 

thiG Center and we have an example experimental turbin~ here (point). 

This four-stage turbine can produce the same power as would normally 

require eight stages, but presently at a somewhat lower efficiency. 

The engine fuel flow, engine speed, wing flap posit.ion and other 
,·.;. -

parameters must be controlled automaticall~ to fly the steep and curved 

flight path s. This requires a new fntegrated digital control system. 

Such systems are now in early development. Continuing research is 

required to make these systems a reality in time for use by powered lift 

airplanes. 

The quiet propulsive 1 lft engine wil l also have a low pollution 

combustor .. ThJs and noi se suppression technl~ues will be discussed at 

other stops on your tour. 

A si·gnificant part of the work at Lewis on ciirbreathing eng ines is to 

develop the technology for the quiet powered lift eng ine. Much of the 

research is being done by contract to private industry. Th e core of this 

SLID E 
OFF 

SLIDE 
16 

SLIDE · 
17 

SLIDE 
OFF 

·./ 

I 
I 

l I 



-13-
engi ne will very 1 ikely be based on technology and hardware developed for 

military engines. The present planning is to ha~e an experimental engin~ 

under test in three years. Powered lift; short runway airplanes using 

these engines will probably be in service in the 1980 1 s. 

From the advanced engine research ·underway at ·Lewis, (point to engine 

model) and the research on the aerodynamics of powered 1 ift at the Ames 

and Langley Research Centers (turn on wind tunnel), we can achieve a 

solution to the airport and air traffic congestion problem (turn on airport 

model). 

I .. 
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AIR PASSENGER TRAFFIC IS INCREASING 

PASSENGERS 
(MILLIONS) 

1000 

800 

600 

400 

200 

TOTAL', 
' ' ' 

o!!!~~--1..~-L.~~~~~ 

S\oP 3 

1960 1965 1970 1975 1980 1985 1990 

. . . ~ 

SLIDE' z.. 

YEAR 
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CLEVELAND AREA AIRFIELDS OVER 3000 FEET 

SLIDE" 3 

~PATON · · 
W KENT 

SHORT RUNWAYS 
REQUIRE POWERED LIFT 

RUNWAY 
LENGTH 

5000 TO 9000 FEET 

APPROACH 
SPEED 

-~-----..ttt.•====:::AiinWP-160 MPH 
CONVENTIONAL 

LIFT 
SYSTEM 

MECHANICAL FLAPS 
~c :::;;.-~ 

( CS-~75 79) 
• 

-
' 
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SLIDE 5 (cs-~75Bo) 

THE ENGINE FOR POWERED LIFT IS DIFFERENT 
ENGINE JET JET 

NOISE EPNdB VELOCITY TEMPERATURE 
AT 500 FT. F.P.S. °F 

TURBOJET 

LOW BYPASS FAN 

HIGH BYPASS FAN 

95 600 

QUIET PROPULSIVE LIFT ENGINE 

. . . · 
SLIDE t:, •I 

'• ·1 
' . 
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RESEARCH AREAS FOR QUIET POWERED LIFT ENGINE 

~ SHORT /THIN NACELLES 

-+- EFFICIENT ACOUSTIC TREATMENT 

INLETS FOR HIGH UPFLOW ANGLES 

LOW WEIGHT THRUST REVERSAL 

COMPOSITE MATERIAL FAN BLADES 

GEAR DRIVE/HIGH WORK TURBINE 

INTEGRATED DIGITAL CONTROL SYSTEM 

LOW POLLUTION COMBUSTOR 

$Ll Ve- 7 

RESEARCH AREAS FOR QUIET POWERED LIFT ENGINE 

SHORT /THIN NACELLES 

EFFICIENT ACOUSTIC TREATMENT 

+ INLETS FOR HIGH UPFLOW ANGLES 

LOW WEIGHT THRUST REVERSAL 

SLIDt: 8 

COMPOSITE MATERIAL FAN BLADES 

GEAR DRIVE / HIGH WORK TURBINE 

INTEGRATED DIGITAL CONTROL SYSTEM 

LOW POLLUTION COMBUSTOR 

( C'0-67 503) 

, . 
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· RESEARCH AREAS FOR QUIET POWERED LIFT ENGINE 

SHORT /THIN NACELLES COMPOSITE MATERIAL FAN BLADES 

EFFICIENT ACOUSTIC TREATMENT GEAR DRIVE/HIGH WORK TURBINE 

INLETS FOR HIGH UPFLOW ANGLES INTEGRATED DIGITAL CONTROL SYSTEM 

~LOW WEIGHT THRUST REVERSAL LOW POLLUTION COMBUSTOR 

( CS-C:/75 Bi/) 

CONVENTIONAL THRUST REVERSERS 

SL-I PE- Io 

.• 
.. 
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·' 

.: 

VARIABLE PITCH FAN REVERSE THRUST · 

1.0 

0.5 

,,.,,.. NORMAL 
BLADE 
SETTING 

THRUST O f----........ ----

-0.5 

-1.0 

si..1Di:::- II 

,,. ,,.. REVERSE 
BLADE 
SETTING 

. . 

RESEARCH AREAS FOR QUIET POWERED LIFT ENGINE 

SHORT /THIN NACELLES ~ COMPOSITE MA TE RIAL FAN BLADES 

EFFICIENT ACOUSTIC TREATMENT GEAR DRIVE/HIGH WORK TURBINE 

INLETS FOR HIGH UPFLOW ANGLES INTEGRATED DIGITAL CONTROL SYSTEM 

LOW WEIGHT THRUST REVERSAL LOW POLLUTION COMBUSTOR 

SLIDE" l 2.. (cs- 07581) 
, 

. ' . 
~ .. 

: .Jf_ 
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RESEARCH AREAS FOR QUIET POWERED LIFT ENGINE 

SHORT /THIN NACELLES COMPOSITE MATERIAL FAN BLADES 

EFFICIENT ACOUSTIC TREATMENT ~ GEAR DRIVE/HIGH WORK TURBINE 

INLETS FOR HIGH UPFLOW ANGLES INTEGRATED DIGITAL CONTROL SYSTEM 

LOW WEIGHT THRUST REVERSAL LOW POLLUTION COMBUSTOR 

SL. lDE" 13 ( C:S-~?589) 

FAN DRIVE SYSTEMS FOR QUIET 
PROPULSIVE LIFT ENGINE 

CONVENTIONAL TURBINE WITH DIRECT DRIVE 

CONVENTIONAL TURBINE 
WITH GEARED DRIVE 

SL/l>E 14 

HIGH WORK TURBINE 
WITH DIRECT DRIVE 

(CS-fo768?) 

. 

: 
' ' .. 

.. 
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RESEARCH AREAS FOR QUIET POWERED LIFT ENGINE 

SHORT /THIN NACELLES COMPOSITE MA TERI AL FAN BLADES 

EFFICIENT ACOUSTIC TREATMENT GEAR DRIVE / HIGH WORK TURBINE 

INLETS FOR HIGH UPFLOW ANGLES -'t INTEGRATED DIGITAL CONTROL SYSTEM 

LOW WEIGHT THRUST REVERSAL LOW POLLUTION COMBUSTOR 

SL. ID c- 15 

RESEARCH AREAS FOR QUIET POWERED LIFT ENGINE 

SHORT /THIN NACELLES COMPOSITE MATERIAL FAN BLADES 

EFFICIENT ACOUSTIC TREATMENT GEAR DRIVE / HIGH WORK TURBINE 

INLETS FOR HIGH UPFLOW ANGLES INTEGRATED DIGITAL CONTROL SYSTEM 

LOW WEIGHT THRUST REVERSAL -t LOW POLLUTION COMBUSTOR 

' 
SLIPt= /G:, _ (CS-b7591) ·-

I• 

" / 
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Nv1"E~ 
' ~ • .A. 

(1) An f"RAMING Z ""t 
(2.) F~oNI ~ REAR FACE$ 

CovtREO WITH t" PLYWOOD. 

INTfR :o~ (FLOW PASSAGE) 
To BE "A' GRADE 

(3) FRONT FACE "DRisS1r-lG" 
TO ar ..!.. • MASON IT£ 

~ >:, .. 
· COVJ::R.11H; ,..8 PLYWOOD 

(,.o SE ACOEO !..ATER). 

t'K4• (2"lo..ic,) STOP 
Foi;: r:LCIW ST~t(;~ii'.N!~ TUSES 
(2. REQ'O • ToP t Boirot-\) 

4. Burr-.:ro1f\IT PL'Y\'JOOD 
&HE£TS WITH Cowns 
TO INSURE: SMOOTH (~STEP) 
.::!'o JNT StH?FACE - £Sfl£CIALLY 
INTERIOR (F'L.OW PASSAGE). 

5. Poss1BLE CoNSTRUCT"ION 
MOCIFIC.ATION MA'{ LAT"ER 
sr REQUIRED - ATTACM"1£/\Ji 
VIA SCRO.JS SUGGESTED . 

'" Fi.ow STRAIG.HTENe:R Tl)SES 
(10• LONG x { • o.o.) ro 8~ 
SET IN POSITION (3 Ae.REAST 
~ STAC.1(£0) ~GLUED IN PLACE. 

PL!'.XIGL.AS - To VIEW 
MOOEI.. IN TEST sr::cno1.1 

-·T - ,- - - -·--::---£ ~.:_w_:L _:o~;~ (~y~ -1 

~ l \ ,, 
' A . •• '-:::' I 

_J ___ -- ··1- '-' I . ......._, 
A <' I 

..... ~ ... -! 

"I. CUTOUT ~.JPPORT STANO 
FOR SQUll\R£1.. • CAG£ BLOW!~ 
~ MoioR TO 8E FIELD FIT 
~ CON STRtJCTfD. 

'6. R£MovABLc BACK Pt.ATE 

V1£wED SURFACE ro 8£ 
EVENTVAL.L.Y ?AINTEO 
FLAT BLACK 

BLOWER CUTOUT (FIEL.0 FIT) 
APPROX. 13;\-" 01A, 

r . 4~ 

~'./I (J 

f PLYWOOD SM~ET 

SECTION 

A-A 
B-B 

.L. PLEXIGLAS • A ·A 
_ ~ {P1.:'/wooo} • 8 ·(3 

Rt'.Mc>VABLE: SACK P~ATE To BE 
SLll;HTL'I' L-AR~E,:Z THAN '40")(£0" 
so THA,. SEAMS AR£ NOT v1s1a1.£ 
WHEN VIEWEO FROM FRONT 

" ·n.irw PLEXIGl.AS 

-··--·-· --··--- - - -----""\ T ~-- - - - - - .,.,.71 - - -
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t() 
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// 
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// 
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-Fi.ow 

I , I ,--· l,, 
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~ - -- - ..:__;_ __ \__J () 

1 
' ... ___ ,. J ' -fl.OW 

I · 
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I 

,,,,.._ 
_,,/,,.I r // . I 

~o·' . ~ I I _ -:-,,, I 
_k// 

.... 1-"111-----+ ~o·' ~ I 
__:::-- -:__-=--__::- - - -=-----_-,_-..... r-;...:---=---"'.'"'-~- "':' --4 

·--------~. /2'0" 

FRONT VIEW 

I 
I 
I 

4 

I~ ~-.. C- ( ~.f A.. lv 6 -L_ tAe...-~l. \-L...._._(IJ:-A.. 

T 
~ 
{'t) 
~ 

....... 
"- .... ..... ...... .. ,, 

. .:::::- ..... 
............ , ..... 

- - -- ,, 
r--..c-~ 

.L_ 

REAR V!t.w 

SMALL SCALE Wl/\JO ILJNN£L __ __. 

INSPECT/ON STOP 3 - l\ ><JS 
"PovJfREO LIFT" 

ffoN Rosi<1LL-Yl-4/.30/13f.:ro-xoizs33 G.ARY KEl.M I 11 • . 
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