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ABSTRACT

The QCSEE (Quiet, Clenn, Short-Haul Exper-
imental Engine) program has entered the engine test
phase. This paper describes the overall design and
advanced technology incorporated into the two engines
in the program. In addition, prellminary engine test
results are presented and compured to the technical
requirements the engines were deslgned to meet,
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IN 1974 NASA INITIATED AN EXPERIMENTAL
PROGRAM designed to develop propulsion system
technology suitable for powered-lift, short-haul type
of alreralt, The goal was to have the technology
available for applieation to new aircraft of this type
in the 1980's time period. This program has now
progressed well into the engine test phase, and the
purpose of this report is to present an overview of
the program ineluding some of the significant test
results that have been recently obtained,

The technical emphasis in the QCSEE (Quiet,
Clean, Short-Haul Experimental Engine) program is
directed toward minimizing environmental impact
while maintaining good performance. Environmental
concerns are, of course, low neise, particularly in
the case of short-haul aircraft-which will operate out
of small airports that are cloge to metropolitan
areas, and low exhaust pollutints, Providing good
propulsion system performance is necessary in order
to produce economically viable short-haul aircraft,

Although the QCSEE program is directed toward
short-haul commercial applications, it is evident that
the technology being developed in this program has
the potential for benefiting a much broader range of
applications, TFor example, the low noise and pollu-
tion technology are certainly of interest for applica-~
tion to conventional takeoff and landing aircraft for
both the short- and long=haul types. Secondly, the
recent interest in enerpy conservation enhances the
importance of advanced technology aimed at improv-
ing propulsion syétem performance. Indeed, several
of the QCSEE advanced parformance concepts could
well find their way into future low energy consump-

" tion propulsion systems. And finally, much of the

QCSEE propulsion system technology base is appli-
cable to a number of the propulsion concepts heing
considered for powering the U.S, Navy V/STOL type

aircraft which are currently under study. Ciepluch
Tais report describes the QCSEE propulsion
concepts and their major-design features, discusses 5

the “echnical performance requirements set down for
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them, and summarizes the progress made and test
results obtained lo date. Inasmuch as the intent of
this report is to summarize progress made in the
program, further details can be found in the refer-
ences published and noted herein and in those to he ~
published In the hear future.

PROPULSION SYSTEMS OVERALL DESIGN

PROPULSION CONCEPTS - The QCSEE program
is investigating technology applicable to two powered-

- lift propulsion concepts for short~haul airceraft, They

are illustrated in Figs. 1 and 2 and the engines asso-
ciated with these concepts are referred to as the
"upnder-the-wing' (UTW) ‘and "over-the-wing* (OTW)
propulsion systems. Each of these approaches has
its advantages. In the UTW powerecd-lift concept,
the engine location is more conventional and, there-
fore, it is a more straightforward approach from
both acrodynamie and mechanical standpoints,
Whereas in the OTW powered-lift approach, the en-
gine installation offers a noise advantage. This is
due to the shielding benefit that the wing surface pro-
vides for engine aft-end noise. The data being de-
veloped in the QCSEE program will help to choose
bhetween these alternative powered-lift approaches
for future gpplications.

DESIGN REQUIREMENTS - The techiical re-

quirements that the propulsion systems were designed

to meet, and which are essentially the goals of the
QCSEE program, are listed in Table I. The noise
limits for takeoff and approach power conditions are
quite low, 'Fo illustrate this, a comparison to cur-
rent FAA regulations shows that the QCSEE takeoff
sideline noise 1imit is ahout 23 EPNdB lower when
extrapolated to the sameé FAA sideline distance. Al-
though no noise regulation currently exists for re-
verse thrust or noise footprint area, a correspond-

- ingly stringent requirement has been set in both these

areas. In regard to exhaust pollutants, the engines
ar¢ being designed to meet the proposed EPA 1979
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emlssion standards, The engine thrust levels are a
regult of the desire to be in the 20 000-pound thrust
class, which is a size of practical interest for short-
haul npircraft, and the avallability of the advanced
technology F'101 engine core, which has the capability
for this thrust clags of engine, The higher thrust
level of the OTW is not of technical significance, and
in an actnal application either engine would have to
provido a specific thrust level, The thrust difference
is a resuit of designing the engines for the same air-
flow; this allows for use of common nacelle hardware
and conserves program funds, With gimilar engine
alrflows the thrust of the OTW engine ig higher be=
cause of its higher fan pressure ratio,
A challenging requirement of the QCSEE engine
s the high installed thrust-to-weight ratios., High
thrust-to-welght engines reduce aircraft weight and
size and accordingly, reduce fuel consumption. The
degree of improvement in thrust-to-weight ratio he-
ing sought can be illustrated when the QCSEE require-
ments are compared to that for the CF-6 engine which
is used in the DC-10. The installed thrust-to-weight
ratio of this modern high bypass ration englne Is 3.5.
And finally, we have set relatively short thrust re-
sponse times for the QUSEE engines becansge short
response time is important for control of powered-
1ift type of alrcraft.
OVERALL DESIGN - In Fig. 3 a cross section
d_‘f the UTW engine is presented which illustrates the
r’idvgnced technology components in the engine and the
engine characteristics during takeoff. As mentioned
earlier, the engine uses the General Electrie F101
engine core. The core engine employs a PV (product
verification) combustor. In order to meet the string-
ent pollution goals in the QCSEE program, a double
anpular, dome combustor is being adapted to the 1101
" combustor envelope. This adaptation is heing done
in combustor rig tests. The double annwlar, dome Ciepluch
combustor concept is one of the more successful
types that are under development in the NASA Clean
_Combustor program. "
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A variable pitch fan is used in this engine be-
fause it results in a much lower weight thrust rever-
sing system than the usual target type of reverser
for low pressure ratio fans. It also has ofher advan-
tages, such as Increased thrust response, reduced
engine noise, and Improved engine performance over
the wide range of engine operating conditions en-
countered. Extensive use of lightweight composite
materials is made in the engine. Composite compo-
nents include the fan frame, fan blades, and the na-
celle. The weight of these components is projected to
Le 25 to 35 percent lower than the usual metal compo-
nents and this is a major factor in reaching the
thrust-to-welght poals in the program,

The engine uses lightweight speed reduction
gears between the low-pressure turbine and the fan,
This produces a smaller and, therefore, lighter
welght turbine operating at a relatively high speed.
The fan inlet employs a combination of high Mach
number flow and wall acoustic treatment for fan inlet
noise suppression, In addition, wall treatment is
built integrally into the composite nacelle in the fan
flow discharge duct walls and splitter. The core noz-
zle also contains wall acoustic treatment.

And, finally, the engine ig controlled by an
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S engine-mounted digital electronic control, This ad-
5" vanced control technique is necessary for the com-
g plex UTW. engine control problem. The engine has
four variables to control; they are the usual fuel

valve and variable compressoy stators and, in addi-
tion, the variable pitch fan and variable area fan noz-
zle,

Significant in the engine characteristics shown in

Fig. 3 is the relatively high (about12) engine bypass

ratio. ‘The fan pressure ratio and tip speed are rela-

tively low which is customary for high bypass ratio

engines. These characteristics are all a result of the
_ low noise requirement imposed on the propulsion sys- Ciepluch

tem. The key factor here was lowering the engine

exhaust velocity so that the noise sssociated with ex-
" haust impingement-on the wing flaps during powered-

TR




1ift operation can be maintained at tolerable levels.

The engine overall pressure ratio is low, and it would

be increased in an actuual flight application by intro=

ducing core booster stages. This was not done in

QCSEE because of the cost involved and because it

would not add significantly to the program technical

output.

Turther details of the UTW propulsion system

l! . design can be found in (1).*

§ ) A cross section of the OTW propulsion system ig

" shown in Fig, 4, The significant differences betwéen

it and the UTW propulsion system are in the fan, noz-

nle and thrust reverser areas, The OTW propulsion

system employs a fixed-pitch higher pressure ratio

fan, The core and fan flow are combined and dis-

charged through a single nozzle because this approach

lends itself to designing an efficient exhaust system

for OTW installations. The target-type thrust rever-

ser 1 used in.this engine because the higher fan pres-

| sure ratio results in a lighter, and more tolerable,

4‘ weight system and the OTW installation allows for

: - upward discharge of reverse flow which is advanta-
geous from engine exhaust and forelgn object reihges-

- tion standpoints, The digital control containg an ad-
vanced feature referred to as the "failure indication
and corrective action” system, It allows the control
to continue functioning in the event one or two ehgine

. sensors should fall, thus improving control system

; reliability. The engine also employs the high Mach

number inlet, reduction gears, and a composite ma-

terial frame much the same as the UTW engine. A

preflight-rating-test (PFRT) combustor is used in

the core engine, Additional details of this engine can

be found in (2).

& T
(ta PROGRAM SCHEDULE
27 P -
S ' An overall program schedule is shown in Fig, 5, Ciepluch
?-? The major part of the program is being done under
*Numbers in parentheses designate References 6

at end of paper.

ORIGINAL PAGE IS
OF POOR QUALITY

o PR R 1= - e SR TR T
A
-,
v




contract to NASA by the General Electric Company.
Curtiss-Wright, Hamilton Standard, Douglas, Boe-
ing, and American Airlines are also contributing to
the program as subeontractors. General Electricts
task le to design, develop component technology for,
fanricate, and test two experimental engines. As

of this date, all work on the OQTW engine has been
completed and only the testing of the UTW composite
nacelle propulsion system remains to be accom-
plished.

General Electric testing consists of tests of the
engine alone; that is, without any wing/flap segment
which is required to produce powered-1ift. Testing
of the engine with a wing/fup system Included will be
performed at the Lewis Research Center. In addi-
tion, there may be additicnal engihe acoustic,
dynamle or controls tests performed at Lewis if de-
termined to be useful as a result of analysis of the
results of the General Electric tests.

TEST RESULTS

Reported herein are the overall results of the
General Electric Company engine testing that have
been completed to date. This includes all the OTW
engine testing but only the aerodynamic tests of the
UTW engine. Inasmuch as detailed analysis has not
been complete, the results presented are considered
to be preliminary in nature, However, the prospects
for significant changes in the Information presented
are small.
In Figs, 6 and 7 the OTW and UTW engines with
boilerplate nacelles are shown installed in the Gen~
eral FElectric, Peebles test facility, The unique "D".
nozzle geometry of the OTW engine can be seen in
Tig, 6. This nozzle shape (shown inverted from air-
craft orientation) is a result of the necessity to inter-~
face with the wing upper surface and also provide for Ciepluch
good powered-lift characteristics. ‘
NOISE - Measurements of the OTW propulsion
system noise levels in the fully suppressed configura-
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tion were projected to the conditions for whiéh the
noise requirements were established, namely,ﬂ 500
foot sideline distance and a four-engine alrcraff‘!:iwlth
a thrust level of 90 000 pounds. A comparison ¢f
these OTW engine aircraft projectei noise lev_,e?.j"s with
the required levels from Table I is shown below:

OTW powered-lift
alreraft noise

Required Projected.
Approach, EPNdJB 95 92
Takeoff, EPNdB 95 96
Reverse, PNdB 100 106
95 EPNdB contour .5 .33
area, sq mile

As is evident, the approach and 95 EPNdB con-
tour area requirements were easily met by an OTW
engine powered alrcraft while the takeoff require.
ment was exceeded by only 1 dB and the reverse
thrust requirement by 6 dB. The significance of the
projected noise levels for the OTW powered aircraft
can be illustrated with the following comparisons.
The OTW powered aircraft takeoff noise level, if ex-
trapolated to the FAA sideline condition, would be
about 22 EPNAB below the FAA limit, It would also
be about 12 EPNdB lower than the DC~10 aircraft,
which is representative of the modern wide body jet
aircraft, In terms of noise contour area {or foot-
prinf), the OTW powered aireraft has a projected
area only 1/38 of that of the standard Boeing 727 air-
craft, The significantly lower noise contour area for
the OTW powered aircraft is due to steeper climb
and approach angles common in short-takeoff and
landing alreraft as well as the significantly lower
engine noise levels. The relatively high reverse
thrust noise level was a restilt of the higher than ex-
pected engine speed necessary to obtain the required
reverse thrust level. This higher engine speed was a
result of reverser back-pressure, which reduced

.. -
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engine atrflow, and pressure loss effects, These
factors could be improved, but at a cost of inereased
engino weight, Accordingly, since reverse thrust
noise is primarily an alrport concern and also he-
cause the measured reverse thrust noise level is still
sigmificantly lower than that of operational engines,
it was declded to aceept the higher reverse thrust
noise level rather than penalize engine weight.

Powered-1ift alreraft noise is compoged of two
major components; one I8 the engine machinery noise
ond the other Is the jet/flap interaction or powered-
lift noise, The contribution these two noise compo-
nents maka to the OTW engine total system notse at
talkeoff power and how well the machinery nolse was
predicted {s shown in Fig, 8, The OTW engine ma-
chinery perceived noige was obtained by removing an
estimated value for jet noise. The jet/flap noise
levels are estimated values, confirmation of these
levels will be made in the Lewis tests., It is appar-
ent that the measured OTW engine machinery noise
sources (unsuppressed) are exceedingly ¢lose to pro-
test pradictions in both the front and rear quadranis.
The machinery noise sources include the fan, tur-
bine, compressor, and combustor. Noise suppres-
sion was 11 and 8 PidB compared to predicted values
of 13 and 12 PNdB for the front and rear quadrants,
respectively, The combined high Mach and wall
treatment inlet suppression appears to be doing quite
well. The lower suppression effectiveness in the rear
quadrant resulted in a total system noise level in-
crease of about 2 dB above prediction. The reduced
effectiveness of the aft machinery novise suppression is
the reason that the aiveraft requirement of 95 EPNdB
for takeoff conditions was exceeded by 1 dB.

In summary, the overall ncoustic performance of
the OTW engine was found to be very good. )

POLLUTION - Ag was indicated previously, the
engine exhaust emissions reduction effort s being Ciepluch
done in a combustor rig, A 90° sector of the QCSEE
combustor has been set up and tests have been ini~
tiated, The effort is currently concentrating on re-




ducing the engine idle emigsions ({20 and H xC

This 1g because the relatively short length of th(. com-
bustor and the low=cycle presstire ratio 18 expected

to makoe the idle emission requirements very difficult

' to meet. The test program has hot progressed to the

point at this time where significant results arn avail-
able.

THRUST - A comparlson of the irstalled thrust
requirements and the measured thrust performance
for both the UTW and OTW pmpulsion systems ig
shown below: .

Required Me;éu red

Forward OTW 20 300 1b 20 300 1b
Forward UTW 17 400 1b 17 400 1b
Reverse, peinent OTW 35 35
Reverse, percent UTW 35 25

As can be seen, the forward thrust requirement
was met by both engines. The reverse thrust re-
quirement was also achieved by the OTW engine, but
the UTW engine failed to meet the 36-percent require-
ment. However, testing of the UTW engine at higher
anticipated reverse thrust levels has not been com-
pleted. Thus, the prospects are good for increasing
the UTW engine reverse thrust level, but whether or
not the requirement can be reached will have to await
completion of engine tests,

Important to the engines thrust performance was
the performance of the fans, These fans are rela-
tively low-pressure ratio designs. The design pres-
sure ratio for each f an was selected at a point between
the low-pressure r atio requlred for low noise at take-
off and the higher pressure ratio desired at cruise for
improved engine performance. The airflow at takeoff
and cruise were similar because of the airflow limita-
tions of the high Mach number inlet, ‘The aero pér-
formance of the fixed pitch OTW fan was generally
good as can be seen in Fig, 9. The takeoff airflow
and pressure ratio was attained at a slightly lower
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than predicted fan speed. Fan efficiency met or ox-
. centdod prodietions, particularly in the hub region,
i This I8 particularly significant In view of ihe rela-
. iivziy high (2, 6) work cocffieient in the fan' hub region,
‘The performance of the UI'W faa s presented In
Fig, 10." The UTW fan has variable piteh capablility
and this results In a relatively low blade solidity. A
s * 20-inch model of the UTW fan was built and tosted
| during the program, 'The rosults of the model fan
tests indieated (Fig, 10) penerally good performance
In eomparison to predictions and no modilications (al-
: ) though some bypass flow efflciency Linprovements ap-
. reared possible) were undertaken In the full-geale en-
gine verslon. The aero design point airflow and pres-
sure ratio were obtalned at about a 6-percent higher
fan speed on the 20-Inch model fan. Performunce of
the full-seale engine fan was generally very close to ‘
the 20-inch model fan, In order to reduce the fan 1
speed In the engine and still provide the required
takeoff airflow znd pressure ratio, the UTW fan pitch
was opened sliphily by 2.8 degrees frons design.' .
THRUST/WEIGHT RATIO - Complete evaluation |
of the UTW and OTW propulsion syewems installed *
thrust- toswelght ratios cannot be made at this time,
Aithough the capability of the engines to moet ‘helr
required thrust levels has been confirmed, several
component welghts have not been finalized, One of
these is the compogite nacelle, Fabrication of the
n.celle has not been completed, and accordingly,
final evaluation of its weight can not be made., An-
other area of uncertainty is the composite fan blades,
The QCSEE composite fan blades have not demon~
strated adequate FOD resistance and aocord@ngly, an _ &
improvement in blade design is required in order to :
demonstrate a greater degree of confidence in meet-
ing flight vequirements. ‘There are a number of com-
posite blade technology progrems currently in pro-
gress and prespects are reasonably good that these Ciepluch
programs will uncover a blade design that {s accep-
table from an FOD stahdpoint for the QUSEE type
~ application,
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THRUST RESPONSE -~ The approach to takeoff
thrust trangicnt requirement of 1 second for the OTW
engine was successfully demonstrated during engine
tests. The thrust response results are shown in
Fig. 11. In order to meet this requirement, advan-
tage had to be taken of resetting the compressor sta-
tors. By closing the compresso» stators at approach
thrust levels, the core gpeed can be kept near or nt
the takeoff value, this significantly shortens the time
requirec to accelerate the high-speed rotor during
thrust transients. It can be seen that a 25° compres-
sor stator reset reduces response time by almost a
factor of two. Further, these results were obtained
with a heavy fan rotor since composite blades were
not used in the OTW cngine. With a lightweight rotor,
response time could be decreased by about another
0.2 second. In the OTW engine the thrust reverser
was not automated and, therefore, the approach-to-
reverso thrust transient will not be evaluated, How-
ever, based on the forward thrust transient results,
it appears that this requirement could also be met,

The digital conisol performance was, in general,
=iry good, except for one area, Complete checkout
of the "fallure Indication and corrective action™
(FICA} system was not accomplished, This system
provides for continued operation of the engine should
one or more of the sensors fail. This improves con-
trol system reliability, It is anticlpated that further
testing of thiu feature of the contrel at Lewls Re-
gearch Center will demonstrate this cunability,

MAIN REDUCTION GEARS - Ths raain reduction
gears on hoth the OTW and UTW engines have per-
formed without difficulty, Total engine tesi time on
each gear set is about 50 hours., This is in addition
to about 50 hours of testing accumulated on each set
in a gear test rig. The UTW engine gear set was
thoroupghly inspecled after thie ehgine testing with
boilerplate nacelle and the gears were found to be in Ciepluch
good condition.
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CONCLUSIONS

The QCSEE program is investigating a wide range
of advanced propulsion system technology. The tech-
nology emphasis s In the areas of propulsion system
nolse reduction, Improved performance, or fuel
economy and emissions reduction. Initial-engine test
results Indicate that the majority of the technical re-

quirements layed down for the eng_ines are being met " %
“or exceeded, Although the thrust of the program is '§
“dirneted toward providing technolegy for powered-lift, . 5
short-haul airéra_fwtlmany of the individual advanced t
technology elements in the program should be useful i
in a much broader range of future aircraft. _;
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'PABLE I. - QCSEE TEGHNICAL REQUIREMENTS
3 500-foot 8. L,, four-engine - | .
; 90 000~pound thrust aircraft __ !
Approgach, EPNdAB . . . . v v v o v v v oo 95 |
- Takeoff, EPNdB . . . v . .o v v v v v 95 i
Heverse,PNdB............,_..100
o N 96 EPNdB contour area, sq mile . . .., .. 0.5
. POLGEON « « « + v o v s v v nu.. .. EPALSTY } (;
. - emission ‘
levels
Installed thrust _ )
FOI‘Ward, UT“’, lb L R R e N L I B} "17 400
Forward, OTW, lb. . , . .« v v v s+ .. 20300%
. Reverse, pereent . .« .+ v v v s v v v v v v 35
|| . Installed thrust/weight e ,
|| . UTW & & 8 ¥ @ [ I | LI I I I I O | LI T T T 4.3 j
- OTW . . » . » * . - [ L] . * . L] * L) - I. 4.7
N ) Thrust response
|
Approach fo takeoff, sec .. .. ... .. 1.0 )
Approachto reverse, se¢ + v+ v v v v v 0 i oo 1,5 !
o " - !
o ~*ith conic nozzles. 5’
H
i
f
i
H
' :
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Figure 1, - (

~onceptual under-the-wing short-ha

il aircraft,
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Figure 3, - QCSEE UTW engine,
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FIGURE 4, - OCSEE OTW engine.
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Figure 7. = Under-the-wing engine in General Electric test facility,

P PREDICTED
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Figure 8. - OTW powered-lift component noise levels, takeoff.
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Figure 11. - OTW engine thrust response for an approach
to takeoff transient.
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