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SECTION I

SUMMARY

The purpose of this study was to provide additional substantiation and
refinement of promising advanced fuel efficient turbofan engine cycles and
conceptual designs identified in earlier NASA sponsored studies. Four eng-
ine types were examined and evaluated. Recommendations were made for more
detailed study of selected engine types and cycles judged to be most capable
of meeting NASA engine performance study goals. Engine technology levels
capable of being demonstrated in the mid-1980's were assumed.

The NASA goals for this study were for a:

e 12% reduction in installed sfc

© 5% reduction in installed DOC

relative to a current CF6-50C reference engine installed on an advanced sub-
sonic turbofan transport that could be introduced in service after 1990.

Other environmental goals. were:

¢ Emissions-EPA standards for newly certificated engines after
January 1, 1981.

o Engine noise - 10 EPNdB below FAR 36 (1969) requirements.

An additional NASA goal was to have engine growth potential without compro-
mise of the above goals.

Further substantiation of the performance and the achievement of the
above goals was obtained by more in-depth engine design and performance
analysis coupled with aircraft/engine integration evaluations provided by
selected airframe companies under subcontract to General Electric.

The study also provided insight into the effect of component and eng-
ine performance shortfalls on the expected benefits from an advanced turbo-
fan. A final task of the study provided more detailed preliminary aero-
dynamic design data on the high pressure compressor for the advanced turbo-
fan core engine. '

The work of the study was broken into five technical tasks. Following
1s a brief summary of the major results for each task.

Task I - Engine.Cycle Definition

Four engine types were examined including mixed and separate flow
versions of direct-drive and geared-fan engines. All were studied and
installed on an advanced transport aircraft to develop some preliminary

estimates of performance and economic benefits. The conclusions reached
include the following: :



Task I Result Comparison

Exhaust System Drive System
Mixed-Flow Separéte Flow Direct-Drive Geared-Drive
(Base) (Base)

e Fuel Burned - 3-6% Penalty - 3~47% Benefit
e DOC - 2.5-3.5% Penalty - 0.5Z Benefit
o Emissions - No Difference - 10-20% Benefit
© Noise - 0~3 EPNdB Penalty - 2-4 EPNdB Benefits
e Growth Potential - No Difference -— Better N
o Deterioration - No Difference - No Difference

From the above, the mixed-flow exhaust system with both the direct-drive and
geared-fan engines were carried into Task II for further study. k

Task II - Engine Airframe Integration

The benefits of both the advanced geared and direct-drive engines, as
compared to a properly scaled CF6-50C, were estimated in this technical
task. Additional design and performance refinements were accomplished as

well as aircraft/engine integration studies by three airframe company sub-
contractors.

For all engines sized at the maximum ¢limb thrust level at 10668m
(35,000 ft) altitude and 0.8M, the following benefits were estimated based
on a General Electric study aircraft. Benefits were calculated based on

maximum cruise Asfc only, as integrated mission benefits were mot yet avail-
able.

Scaled Task II Task II
CF6-50C Direct-Drive Geared-Drive
o Installed Asfc - % Base -12.1 ~14.6
e Installed ADOC - % Base - 8.2 - 6.9
e Installed Awf - % Base -17.8 -18.7

The above values were for an average 1296Km (700 N. mile) domestic mission
at 55% load factor and using 92.46 $/m3 (35¢/gallon) fuel. Initial engine
and maintenance costs were not evaluated for the advanced engine as part of
the DOC benefit due to the preliminary state of such estimates. -

The noise goals of FAR 36 (1969) - 10 EPNdB were met or approached
at all conditions as indicated below for the domestic airplane:

Direct-Drive Engine Geared~Drive Engine
Takeoff - 9.3 EPNdB - 9.5 EPNdB
Sideline -15.5 EPNdB -15.4 EPNdB
Approach ~ 8.1 EPNdB -10.4 EPNdB

The noise levels presented above and later throughout this report, are based

on an assumed broadband total inflight spectrum requiring no significant

tone correction. They also have no engineering margin included. In prac-

tice, a 3 to 5 EPNdB margin would be required to ensure certification compliance.

2



The 1981 EPA emission goals were met by the geared engine. The dir-
ect-drive engine slightly exceeded the NO, limit of 3.0 with a 3.1 NOx
emission estimate.

The direct-drive engine was recommended for further study in Task III,
but further cycle and configuration work was performed to increase the sfc
advantage over the reference CF6-50C. In addition, a more detailed study
of a geared fan main transmission gear was undertaken in Task III to help
verify Task 1I geared fan study results.

Task III - Initial Preliminary Design

Modifications were made to the Task II direct-drive engine to improve
its projected sfc margin over the CF6-50C from the original 12.1% to 14.4%
at the maximum cruise power comparison point. Overall engine pressure
ratio and rating temperatures were not altered, but fan pressure ratio,
staging and LPT configurations were changed. In addition, a fuel/air heat
exchanger (regenerator) and a higher-temperature-capability vane alloy was
used to achieve the improved sfc performance.

The major changes are as follows for the design size core:

Task II ——————Task III

e Fan p/p (Maximum Climb) 1.71 ———=1.65
e Fan Diameter - m (In.) 2.02(79.7)—/2.11(83.0)
o Fan Tip Speed 457 (1500)——411(1350)
(Maximum Climb)-m/sec (ft/sec)
e B (Maximum Climb) 6.2 — 6.8
e Supercharging Provision Fan Hub ————Fan Hub + Quarter Stage
e HPT to LPT Coupling Close Coupled —=Small Transition Duct
e LPT Pitch Line —————Increased
o Fuel Heater Regenerator None ——————Added
e 2nd Stage HPT Vane Material Rene' 125 ——Rene' 150

Benefits relative to a CF6-50C powered advanced General Electric study
aircraft for an average 1296 Km (700 N. mile) domestic mission were esti-
mated to be:

Task 11
Scaled Task II1 Geared-Drive with
CF6-50C Direct-Drive Task III Mod.*

e Installed Max. Cr. Asfc -~ % Base ~14.4 -15.1
o Installed ADOC - % Base -11.1 - 9.0
o Installed Awf (mission) - % Base -18.0 -16.1

*Fuel heater and Rene' 150 vane material on Stage 2 of HPT

For the ADOC calculation, the effects of estimated initial engine price
and mature engine maintenance costs were included.



A preliminary design of an advanced main transmission gear for the
geared turbofan of Task II was carried out during Task III. As a result
of the more detailed design definition, the system benefits of the Task II
geared turbofan were slightly reduced. The ADOC increased 0.15% over the
Task 11 value and mission fuel usage increased 0.07% (increases reflect
only the effect of the gear design changes). It was concluded that the
Task I11 gearbox study did not uncover any potential for further improve-
ments in the advanced geared turbofan system performance. Therefore, the
Task 111 direct-drive, mixed-exhaust engine was the engine recommended
for future NASA-sponsored technology development efforts.

Task IV - Risk/Cost/Benefits/Sensitivity Evaluation

In this part of the study, the magnitude of engine performance res-
ponse to shortfalls in individual component performance levels was eval-
uated through engine performance derivatives. Another aspect of Task IV
was the systematic evaluation, through statistical methods, of the prob-
ability of the recommended engine meeting full flight propulsion system
goals and the reduced goals set for a demonstrator Integrated Core/Low
Spool test vehicle in a projected technology development program. Using
individual component performance/probability estimates generated through
a modified "Delphi" method, the probability of meeting a demonstrator
target of 12.4% sfc reduction was estimated to be about 95% and of meeting
the full projected 14.4% sfc reduction goal was only about 20%. A hypo-
thetical program benefit in terms of future cash savings was also devel-
oped for an assumed domestic and intercontinental fleet. Operating savings in
excess of ten billion dollars were accumulated over the assumed fleet life
of approximately twenty years.

Task V - Aerodynamic Design of Core Compressor

This task entailed a more detailed aerodynamic study and design of
the advanced 23:1 ten-stage compressor proposed for this advanced engine.
Staging information, blade and vane count, estimated performance maps,
and some estimates of off-design performance were made. A comparison of
typical parameters with the CF6-50C is indicated below.

CF6-50C E3
Number of Stages 14 10
Total Pressure Ratio 13 - 23
Number of Rotor Blades and Stator 1713 1602

Vanes



SECTION II

INTRODUCTION

Since 1973, NASA has sponsored advanced studies with the specific pur-
pose of defining more fuel efficient subsonic transport aircraft and engines.
For the engine studies, these have taken the form of investigating advanced
cycles and configurations (References 1 and 2) and advanced material tech-
nologies for use in these future engines (References 3, 4, and 5).

The purpose of this study was primarily to. select, define, and eval-
uate more fully advanced energy efficient engines (E3) from four promising
engine types. This engine(s) would be suitable for use on advanced tech-
nology transport aircraft after 1990. Other purposes of the study were to
determine the effect on engine benefit caused by shortfalls in performance and

to provide additional design information about the high pressure compressor
used in the engine.

Performance goals established by NASA for the study engines were:

o 12% installed sfc reduction

e 57 installed DOC reduction
relative to the reference CF6-50C engine installed on an advanced aircraft.
Environmental goals established were:

e Emissions - meet EPA standards for post 1981 certificated engines

o Noise - at least 10 EPNdB below FAR 36 (1969) requirements

An additional goal was potential engine thrust growth without compromise
of the above goals.

® Task I - Engine Cycle Definition

Four engines were evaluated in this portion of the study. A mixed-
and separate-flow exhaust version of both a direct-drive and geared-fan
engine were the configurations investigated. Properly scaled CF6-50C eng-
ines were used as a basis for comparison. From this. task..came a recommen-
dation of two engines-:for further study in the subsequent tasks.

° Task I1 - Engine/Airframe Integration

Using the two recommended engines from Task I, a benefit analysis was
performed by General Electric and by the three airframe subcontractors,
Boeing, McDonnell/Douglas, and the Lockheed California Company. Varia-
tions of the two selected engine cycles were also studied. From this Task,
one advanced engine configuration and cycle was recommended for further
work. -



] Task I1I - Initial Preliminary Design

The original task was altered in order to do more engine cycle and
configuration optimization and to perform a preliminary design of a main
gearbox system for a geared engine. A more refined preliminary design
was then performed on the newly optimized direct-drive mixed-flow advanced
engine. In addition, the Task II benefit analyses were updated by General
Electric and the airframe subcontractors. Maintenance and initial engine
cost effects were also incorporated into the General Electric benefit

analysis to obtain a more complete comparison with the reference CF6-50C
engine.

o Task IV - Risk/Cost/Benefits/Sensitivity Evaluation

In this task, the effect on the engine system due to small changes
in projected component performance was evaluated and treated statistically
to obtain the probability of obtaining various levels of total engine per-
formance during an anticipated technology development and demonstration
program, Benefits of the advanced engine in terms of a hypothetical ajr-
line fleet were also evaluated.

® Task V - Aerodynamic Design of Core Compressor

A more detailed aerodynamic design of the selected core compressor
was accomplished during this task. More blading design information and
staging data were developed along with anticipated off-design performance.
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SECTION III

TASK I - ENGINE CYCLE DEFINITION

A. Introduction/Approach

Prior NASA studies reported in References 1, 2, and 6 and other inhouse
studies provided the background for selection of the E3 Task I engines,
These studies resulted in the selection of a baseline direct-drive fan,
unboosted core, mixed flow engine described in Table 1,

Advanced design features incorporated in the baseline engine are
summarized in Table 2, These selected advanced design features had been
identified in prior studies as having significant payoff in fuel consumption
reduction and are considered to be consistent with service introduction :dur-
ing the early 1990's. This baseline engine was exercised in the Task I
evaluation to determine fuel savings and economic potential relative to
the most modern in-service GE engine - the CF6-50C.

1., Advanced Engines Selected for Study

Additional advanced technology engines defined for the Task I study
were:

e A separate-flow direct-drive fan
e A mixed-~flow geared fan
e A separate-flow geared fan

Principal features of the selected advanced technology engine cycles are
summarized in Table 3 and compared to the CF6-50C Reference engine. All of
the advanced engines were initially sized with a 54,43 kg/sec (120 1b/sec)
airflow core and were subsequently scaled as required to meet specific
mission requirements. The core design for all four of the advanced engines
was the same except for si:ze.

The CF6-50C cross section is shown in Figure 1, and typical advanced
engine installation layouts for the four advanced engines are illustrated
in Figures 2 through 5.

Both of the geared study engines employed an advanced star-epicyclic
2.5:1 single reduction gearset to match the fan and low pressure turbine
to their respective optimum design tip speeds.

The advanced separate-flow engine cycles were adjusted for optimum
core energy extraction as shown in Figures 6 and 7. An exhaust velocity

ratio of 1.4 at maximum climb was chosen for both engines with separate-
flow cycles to provide minimum mission fuel consumption (based on Wf values),

2. Approach

In this portion of the study, four engine configurations were evaluated
which included direct- and geared-fan drive for separate- and mixed-flow

11
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CYCLE

BOOSTERS

TABLE 1

BASELINE ENGINE: CYCLE AND AERODYNAMIC DESIGN

.8 Mn’ 10,668 m (35K ft.) Max. Climb Des. Pt.
B =6.2

Fan P/P = 1.71

Cycle P/P = 38

T41 = 1360°C (2480°F) Takeoff

UT///6'= 457.2 m/sec (1500 fps)
r/r = 0.36
Hub P/P = 1.67

None

(One in Growth)

HIGH PRESSURE
COMPRESSOR

HIGH PRESSURE
TURBINE

LOW PRESSURE
TURBINE

EXHAUST

No. Stages - 10

P/P = 23 .

U ///§-= 455.1 m/s
T (1495 £ps)

r/r = .50

No. Stages = 2

V= 0.7

wP

No. Stages = 4

v_=1.5

wP

Mixed

24 Lobe Short Mixer

Fan Reverser Only
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TABLE 2

TASK I BASELINE ENGINE:

ADVANCED DESIGN FEATURES

Mid-Span Shrouded Ti Blades

Composite Outer Vane-Frame Integrated
with Nacelle

High Hub Boost (1.67 P/P)

o HIGH PRESSURE COMPRESSOR

e COMBUSTOR

High P/P on One Rotor
23:1 P/P in 10 Stages*

Casing Cooled and Insulated for
Clearance Control

Low Aspect Ratio Rugged Blades

Double Annular for Emissions

o HIGH PRESSURE TURBINE

Advanced Nickel-Based Directionally
Solidified Castings Blades & Vanes

Blades with Inserts and Curved
Dovetails

Expander Cooling Supply - Stage 1
Bore-Entry Cooling -~ Stage 2
Active Clearance Control

Ceramic Shrouds

LOW PRESSURE TURBINE

CONTROL

INSTALLATION

*Modification of compressor described in reference 6. Aspect ratio has been

4-Stage Uncooled Advanced Nickel-
Based Directionally Solidified
Castings - Rotor 1 and Stator 1

High Aerodynamic Loading

FADEC (Full Authority Digital Engine
Control) - Including Power Manage-
ment & Condition Monitoring Features

Thin Inlet, DHL/D = 0.88
Composite Nacelle
Pylon-Mounted Accessories
Dual-Blocker Cascade Reverser

Mixed Exhaust - Aerodynamic Spoiling
of Core Thrust in Reverse Mode

Bulk-Absorber Acoustic Treatment

reduced.
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TABLE 3

DESCRIPTION OF ENGINES STUDIED IN TASK I

Reference Advanced Engines - Design Size
Engine Twin Spool Turbofans
(CF6-50C) 54.43 kg/sec (120 1b/sec) Core Size

Fan Drive Direct Direct =  Geared -
Exhaust Configuration Separate Mixed » Separate Mixed Separate
SLS T/0 Fn’ kn(1b) 223.5(50250) 154.8(34800) 157.0(35300) 177.0(39800) 176.1(39600)
Fan Diameter, m(in) 2.195(86.4) 2.004(78.9) 2.123(83.6) 2.334(91.9) 2.446(96.3)
Fan P/P 1.75 1.71 1.71 1.55 1.55
Bypass Ratio, MxCl/MxCr 4.2/4.3 6.1/6.3 7.0/7.1 8.4/8.6 9.4/9.6
Overall Pressure Ratio, 32/30 38/36

MxCl/MxCr
Takeoff Pressure Ratio 30 30
Turbine Temperature, °C/(°F) 1316 (2400) 1360(2480)

(T/0, Std + 27°F Day)

(T/0, Std + 15°C Day)
No. Stages 1/3/14/2/4 1/0/10/2/4 1/0/10/2/5 1/1/10/2/3 1/1/10/2/3

Fan/LPC/HPC/HPT/LPT
Reverse F_ @ 100 Kts/SLS 60-80(2) 43-50 (1) 40-47 1) 48-551) 45-52 (1)

% Fn
(1)

Minimum estimate to maximum estimate, cascade fan reverser (no tailoring)

(2)

With cascade fan and turbine reverser (no tailoring)
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Figure 1. The General Electric CF6-50 Engine Cross Section.
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MX CR OVERALLP/P 36
MX CR BYPASS RATIO 6.3
TAKEOFF Ty, 1360°C (2480°F)

- 4 Stage LPT

Figure 2.

Advanced Candidate Engine:

1.71 P/P Direct-Drive Fan/Mixed-Flow Exhaust
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Figure 3.

Advanced Candidate Engine:

1.71 P/P Direct-Drive Fan/Separate-Flow Exhaust
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MX CR OVERALLP/P 36
MX CR BYPASS RATIO 8.6
TAKEOFF Ty, 1360°C (2480°F)

3 Stage LPT

Figure 4.

Advanced Candidate Engine:

1.55 P/P Geared Fan/Mixed-Flow Exhaust
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MX CR BYPASS RATIO 9.6
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3 Stage LPT

Figure 5.

Advanced Candidate Engine:

1.55 P/P Geared Fan/Separate-Flow Exhaust
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exhausts. For all engines, the core engine configuration, flow, inlet con-
ditions, and firing temperature were kept constant by suitable low pressure
components.

A preliminary design was made of each of the engines assuming technology
level consistent with the time period of eventual engine certification. Es-
timates of weight, cost, maintenance, and performance were developed. In
addition, for the separate flow engines, increased low pressure turbine work
extraction was assumed to more nearly optimize the separate-flow exhaust per-
formance for best fuel efficiency.

Each engine was then scaled to the proper thrust to produce equivalent
net installed thrust for a study subsonic transport aircraft developed in
an earlier study (Reference 1). Economic and performance differences between
each engine were then calculated based on the trade factors associated with
the modeled study aircraft. From these calculations came comparative rank-
ings. Besides the economic and performance comparison, environmental (noise
and emission) assessments were made for each engine along with estimates of
any differences in deterioration or the capability of the various study eng-
ines to be modified for a 20% increase in thrust for growth.

B. Significant Results

1. gfe Reductions

As shown in Table 4, the advanced direct-drive mixed-flow engine was
estimated to have about a 12% installed sfc improvement relative to the
CF6-50C. An estimated 5% of this improvement is related to core components
and cycle effects. LP spool components and propulsive efficiency effects are
estimated to contribute 2% of the improvement, and the mixed-flow exhaust
system is estimated to contribute 4%. The remaining 1/2 to 1% improvement
is attributable to the advanced nacelle design.

Table 5 illustrates the estimated installed gfec potential of the
advanced separate flow and geared engines relative to the baseline direct-~
drive advanced engine. The separate-flow engine installed sfc¢ is estimated
to be 2,27 poorer than the baseline mixed-flow engine with the separate-flow
exhaust and installation disadvantages out-weighing the improved LP spool
component and cycle advantages. The advanced geared-fan mixed-flow engine
shows a 5.67% bare engine sfc advantage while installation effects are 1,1%
poorer than the baseline configuration for a net installed sfc advantage
of 4.5%.

2. Welght and Geometry Comparison

A size and weight comparison of the four candidate advanced engines
is shown in Table 6,

Each of the advanced engines was assessed for performance deterioration
as shown in Table 7. Work currently in progress in other parallel NASA
programs is pointed towards identifying specific component deterioration
rates and to identify design features to reduce deterioration. Pending
results of that investigation, the advanced engines were assessed for
equal component changes as indicated in Table 7 with the result that none

of the engines had a distinct advantage or disadvantage relative to
deterioration.
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TABLE 4

SOURCES OF SFC IMPROVEMENT FOR ADVANCED DIRECT-DRIVE MIXED-FLOW ENGINE

Improvement in Installed
sfc vs, CF6-50C

Core Related

Incl. Cycle P/P and T4;1 @ Cruise,
Component Design & Performance, 5%
High Temperature Technology

LP Spool Related

Incl. Propulsive Efficiency (FN/WA)
Component Design and Performance

Mixed Exhaust (At Constant FN/WA) 4%

Advanced Nacelle (At Constant FN/WA) 1/2 - 1%
N~ 12%
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TABLE 5

SFC COMPARISON OF ADVANCED TECHNOLOGY ENGINES

Separate Flow Geared
Relative to Relative to
Mixed Exhaust Direct-Drive

(Direct-Drive) (Mixed-Flow)

Core Related @

Constant Cycle P/P, T41 and
High Temp. Technology 0 0

LP Spool Related

Incl. Propulsive Efficiency

(F,/WA) Component Performance ~-1.4% -5.6%
Mixed Exhaust (At Constant F,/WA) +2.8% 0
Installation (At Constant Fn/WA) + .8% +1.1%
Total +2.2% -4.5%
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TABLE 6

ENGINE WEIGHT AND DIMENSION RESULTS

INSTALLED MAX. CLIMB Fy; =37.943K N (8350 LBS) [.8 M,, 10,866 m (35K Ft.) ALT., STD. + 10°C(18°F)]

Engine Task 1 - Advanced Engines

Fan Drive Direct -+ Geared >
Exhaust Configuration Mixed Separate Mixed Separate
Engine Fan Diameter, m (in) 2.004 (78.9) 2.146 m (84.5) 2.268 (89.3) 2.416 (95.1)

Engine length, m (in)
Nacelle Max. Dia., m (in)

Nacelle 0'All Length, m (in)

2.776 (109.3) 3.108 (122.2)
2.304 (90.7) 2.466 (97.1)

2.963 (112.7)
2.581 (101.6)
6.299 (248)

3.010 (118.5)
2.748 (108.2)
6.731 (265)

Engine Weight, kg (1bs)
Nacelle Weight, kg (1lbs)
Total Install., Weight, kg (1lbs)

5.537 (218) 6.147 (242)
2708 (5970) 3075 (6780)
939 (2070) 966 (2130)
3647 (8040) 4041 (8910)

3157 (6960)
1170 (2580)
4327 (9540)

3533 (7790)
1184 (2610)
4717 (10400)



TABLE 7

ADVANCED ENGINE PERFORMANCE DETERTORATION ESTIMATES

At 3000 Hrs. Service

Direct —mmm———

Geared —m
Mixed Separate

1.2 1.3

16 (+29) 16 (+29)

Enginé Mixed Separate
1)
A % sfc @ Max Cruise 1.2 1.3
A BGT @ 10, °¢ (*B)Y) 16 (+29) 16 (+29)
(l)Based on Assumed Component Deterioration Changes @ 3000 Hrs. Service
A nC - .15%
A g - .31%
An - .8%
Typ
A n - 477
TLp

A Leakage + .1%

Compressor Efficiency
Fan Efficiency
HP Turbine Efficiency

LP Turbine Efficiency
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3. Advanced Engine Growth

A typical direct drive mixed flow engine growth pattern to provide 40%
balanced thrust growth relative to the initial service rating is shown in
Tables 8 and 9, The initial thrust increase of 15% is achieved by a simple
throttle push to achieve design level ratings. The "ultimate' growth, Step B,
to 407 thrust increase is achieved by redesigning the fan for higher

pressure ratio, further over-speeding of the fan and core, and the addition of
a booster stage.

An alternate step B growth which employs a larger diameter fan is also
shown, Selection of constant diameter vs larger fan diameter growth is
expected to be influenced by aircraft requirements. Similar growth patterns
are applicable to the other Task I advanced engines.

4, Emissions

All of the advanced engines employ a double dome low emissions combustor
as shown in Figure 8. Only the primary stage is fueled at low power settings
to reduce HC and CO emissions while both domes are fueled at high power
settings to obtain low NOx emissions.

Advanced engine emissions estimates are summarized in Table 10. These

estimates indicate that the proposed goals on CO and HC will be met while

the NOx standard is met only by the geared engines (by virtue of having a
smaller core).

5. Noise Evaluation

Advanced nacelle design features used to achieve lower noilse are shown
in Figure 9. Both the inlet and the fan exhaust duct are treated with an
advanced bulk absorber to suppress fan noise., The low pressure turbine
employs high blade numbers in the last two stages. This was done to raise
the source frequency of the turbine noise to a very high level in order to
reduce PNL weighting of the turbine spectrum. These features were selected
based on prior studies which showed the fan to predominate at takeoff and
low pressure turbine noise to predominate at approach.

Since size selection will influence both engine noise and the regula-
tion levels, evaluation of the various advanced engines was performed on

a selected advanced domestic aircraft described later under the heading
Mission Evaluation,

Overall system noise levels at takeoff, sideline and approach for the
advanced engines are shown in Figures 10 through 12 and compared to appli-
cable regulations. The appropriate monitoring positions associated with
NPRM 75~37C are shown in Figure 13. As noted previously the geared fan mixed
flow engine alone meets the FAR 36-10 noise level on takeoff without cutback
while all of the advanced engines are significantly below the sideline regula-

tion level. At approach only the direct drive separate flow engine noise is
above the FAR 36-10 level.

27



87

TABLE 8

TYPICAL ENGINE GROWTH PATTERN

CONSTANT FAN DIAMETER

_e
>

Constant Fan Diameter

Initial Ultimate Ultimate

Initial Growth Growth Growth
Rating Design "A" """ Larger Fan Dia.

A7 Fn Takeoff + Max Climb Base +15 +25 +40 +45

8T, Takeoff, °C (°F) -78 (-140) - Base 0 89 (+160) 67 (+120)

A PB,AT3 Takeoff N/m2/°C (lbs/in2/°F) ~75842/-28 Base 110316/36 199948/64 199948/64
(~11/-50) (+16/+65) (+29/+115) (+29/+115)

A Z gfe Max Cruise Bare - .1 Base +1.2 +3.3 -1.0

A Fan RPM, % -4.1 Base +2.2 +3.3 0

A Core RPM, % -2.2 Base +2.5 +4.7 +3.6
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TABLE 9

TYPICAL ENGINE GROWTH CONFIGURATIONS

“ Constant Fan Dia. ~> Alternate Growth
Initial Ultimate Ultimate
Initial Growth Growth Growth
Rating Desi&n IIAII HB" ”B"
Fan Diameter - Base > Increase
No. Booster Stages 0 0 1 1 1
No. Combressor Stages 10 > 10
No. of HPT Stages 2 > 2
No. of LPT Stages 4 —* 4
LPT Flow Function Nom Nom +5% +5% +5%
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Figure 8. Low Emission Combustor Fuel Staging



1€

_Max. Climb FN

TABLE 10

EMISSTONS ESTIMATES

1° 37943 N (8530 Lbs)

Advanced Engines

Fan Drive Direct
Exhaust Config. Mixed
SLS T/0 F_, N (lbs) 154798 (34800)
COo* 2.4
HC* .25
NO 3.5

X