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FOREWORD .

The Quiet Cléan Short-Haul Experimental Engine (QCSEE) Program is
currently being conducted by the General Electric Company, Aircraft Engine
Group in accordance with NASA Contract NAS3-18021, under the.direction of
Mr. C.C. Ciepluch, NASA Project Manager. The Program includes the design,
manufacture and test of an under—the-w1ng (UTW) and an over-the-wing (OTW)
experimental engine. Both engines are intended to develop the technology
needed for externally blown flaps, short takeoff and landing, commercial,
shor t-~haul aircraft.

To ensure the selection of appropriate flight system parameters
and characteristics, and to provide design guidance, subcontracted study
support was obtained from aircraft manufacturers and operators. General
Electric selected The Boelng Company to provide support for the OTW
system, Douglas Aircraft Company to provide support for the UIW system,
and American Airlines to evaluate bofh installations and provide an
appropriate operational scenario. Specific subcontracted effort «con-
sisted of guidance in selection of the engine cycles, installation’ design,
propulsive-lift interactions, control interfaces, acoustics, performance,
and economic aralyses.

Although earlier studies had indicated a need to operate from a
609.6 m (2000 ft) runway, it was concluded by all contributors that the
. Flight studies of a commercial short-haul transport should be conducted
based on a 914.4 m (3000 f£t) runway, typical of existing close-in airports.’

The experimental system retained the 609.6 m (2000 ft) runway requirement
to assure technology margin for the aircraft ready to enter airline service in
the mid 1980's., 1In either case, the propulsion system would be designed to
meet a noise requirement of 95 EPNdB at 152.4 m (500 ft) sideline during
approach and takeoff , Since final system requirements will not be definitized
for some time, the experimental engine objectives [including 609.6 m (2000 ft)
runway], being the more stringent, were not changed. Thus the technology mar-
gin that is developed in the QCSEE Program will be adequate for any foreseeable
system requirement. :

This report covers the subcontracted analyses of the UTW aircraft
system. The propulsion systems used in the study were projected "flight"
systems based on the technology being developed in the experimental
program. Propulsion system weight, performance, and installation features
have been projected in a rational basis from the experimental propulsion
system design.
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Design studies were performed to develop concepts for integrating
the filight design version of the QCSEE propulsion system with the UTW,
externally blown flap (EFP), powered lift aircraft addressed to the
requirements for an airliner designed for short~haul service. The
airplane concept was based on technology consistent with providing a
reliable vehicle that is both durable and economical to operate and
that could be ready to enter airline service in the mid 1980's. The
preliminary design studies produced definitions of the airplane configura-
tion, characteristics, performance, and operating economics, in addition
to -developing the concept of the engine pod/pylon/airframe accessories

arrangement.

Attention was devoted to identifying the geometry of a suiltable
engine air inlet including the needed ice protection features. The
airplane accessories requirements were identified and the concept of an
accessories pack installed remote from the top-mounted engine accessories
gearbox was developed. The space envelope, weight, and sipgnificant
features and -characteristics of the variocus components were identified as
were the estimates of thie shaft power demands this system placed on the
engine power takeoff (PT0) drive. Studies were made to develop the
concepts for the cabin enviromment control and lifting surface ice
protection systems needed for the short-haul airplane. The air bleed
demands imposed on the engines were estimated and concepts for matching
the bleed capacity to the demands were developed.

In addition, studies were made to identify the significance of two
variants of the QCSEE; one with bottommounted accessories and the other
with reduced acoustic treatment. These studies indicated the impact of
the concepts on airplane characteristics, performance, and economics.

The conclusions that could be drawn from the results of the work
have been documented.

Significant contributions to this report were made by the Douglas
Aircraft Engineering Department in the areas of aerodynamics, advanced
design, avionics, environmmental control, power plant, structures, and
weights. American Airlines provided the short-haul aircraft requirements
and conducted various installation reviews of the propulsion system.

This report deals exclusively with the QCSEE UTW Flight Propulsion
System design and analysis based on the aircraft use of a 914.4 m (3000 ft)
runaway. With the longer runway the aircraft will attain a higher take-
off velocity permitting reduced aircraft flap angles and reduced engine
thrust. On approach, the longer runway permits higher aircraft approach
velocity also reducing flap angle and thrust requirements. This results
in a reduction in the amount for noise suppression panel treatment required
to meet the acoustic program objective.
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1.0 SUMMARY

The Quiet Clean Short-Haul Experimental Engine (QCSEE) Program includes
the preliminary design and installation of a high bypass, geared turbofan
engine with a composite nacelle forming the propulsion system for a short-
haul, passenger aircraft. These flight systems contain the technology required
for externally blown flap type aircraft with under-~the-wing (UTW) propulsion
system Installations for introduction into passenger service in the mid 1980's.

Based on the flight designs the program provides for the design, fabrica-
tion and testing of a UIW experimental engine containing the required tech-
nology items for low noise, fuel economy, with composite structure. for reduced
wedght and digital engine control,

This report summarizes the preliminary design of the QCSEE UTW Flight
Propulsion System installation and nacelle component and systems design fea-
tures on a short-haul, powered lift aircraft. A substantial portion of this
report was produced at Douglas Aircraft Company and covers their efforts in
support of the QCSEE program.

The major purpose of the QCSEE Program is to develop and demonstrate the
technology required for propulsion systems for quiet, clean, and economically
viable commercial short-haul aireraft. This comprehensive program includes
the following objectives:

.- To develop the propulsion system technology which will permit a
short~haul aircraft to achieve the system noise goal of 95 EPNdB
along a 152-m (500-ft) sideline when the engines are scaled to a
total installed thrust of 400,300 N (90,000 1b). The design shall
also minimize the ground aresa (footprint) exposed to objectionable
noise levels,

. To demomstrate a propulsion system which will meet advanced pollution
goals under all operating conditions.

] To develop the technology for very-high-bypass ratio engines Wlth
quiet low-pressure-ratio geared variable-pitch fans,

. To develop the technology required to meet propulsion system per-
formance, control, weight, and operational characteristics.

. To develop the material, design, and fabrication technology for quiet
propulsion systems which will yield engine designs which have an un-
installed thrust-to-weight ratio greater than 6 to 1 and imstalled
thrust-to-weight ratios greater than 3.5 to 1.

. To develop the technology which will yield engine thrust response
characteristics required for powered lift operationms.
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To provide the technology which will permit the design of quiet,
efficient, lightweight thrust reversing systems for powered 1ift
aireraft.

To provide the technology to permit the design of integrated engine
and nacelle installations which will be tolerant to aerodynamic dis~
tortions expected with operating flight conditions (such as. high-
crosswinds, large angles of attack, and side slip) and still provide
good cruise performance,

To provide the digital electronic engine control ‘technology required
to improve engine and fan pitch comtrol, thrust response, operational
monitoring, and relief of some of the pilot's workload especially
during powered lift flight operations in the terminal area.



2.0 INTRODUCTION

This report presents the preliminary results of activity conducted
under the Supporting System Design and Economics Studies task of the
Quiet Clean Short-Haul Experimental Engine (QCSEE) progtam, The primary
objective of comtract tasks 1.1.2, 1.1.3, 10.1, and 10.3 is to provide
design guidance to the experlmental engine design based on studies of
flight installation systems and to evaluate and update a conceptual
flight .propulsion system design based on QUSEE test results. This
report covers the QCSEE Preliminary UTIW Flight Propulsion System Analysis
during the period of the detail design of the UTW experimental engine.

The aircraft economics and engine installation studies were conducted
by Douglas Aircraft as a subcontractor to General Electric. The repre—
sentative short-haul airliner was evolved from past Douglas studies
including "Study of Quiet Turbofan STOL Aircraft for Short—Haul Trans—
portation," conducted under NASA contract NAS-26994, and "Analysis of
Commercial and Military STOL Design Criteria,™ conducted under Air Force
contract F33615-72-C-1534. These studies showed that the high bypidss,
low pressure ratio, variable-pitch turbofan engine has the potential of
providing an economical propulsion system for achieving the very quiet
aircraft noise levels of 95 EPNdB on a I52.4 m (500 ft.) sideline.

For powered - lift aircraft, the flap-engine exhaust interactién
noise becomes dominant, and the minimum noise is highly dependent upon
the engine exhaust velocity. Both the jet noise and flap/exhaust inter-—
action noise can be reduced by the lower exhaust velocities associated
with higher bypass ratio engines. For current engines, the thrust
reverser is the single heaviest propulsion installation component, other
than the basic engine. At high bypass ratios, the weight penalty of the
thrust reverser becomes more severe. The variable-pitch fan allows ..
thrust reversal with less weight penalty than a conventional
reverser in a high bypass fan installation. The variable-pitch fan can
also provide a more rapid thrust response by keeping the low pressure
spool rpm up at low power by using a lower fan pitch. Numerous other
advanced technology items are in the QCSEE program such as electronic
controls, airflow control with a modulating nozzle, integrated engine/
nacelle structure, and near-sonic inlet for noise reduction. These items
require a higher degree of engine-to-airframe 1ntegrat10n than is provided
by. current design approaches.

The specific study aircraft was designed to meet the requirements
specified by American Airiines in the document, '"Operational Scenario and
General Requirements for Multi-Engine STOL Passenger Transport Airplane
for Imtroduction in 1980-1982," dated February 13, 1974 (Revised 4/10/75),



see Appendix A. The resultant airplane carries 162 passengers, has a
design field length of 914.4 m (3000 ft) and a design range of 926 km

(500 MMi). It requires four variable-pitch fan engines with an uninstalled
takeoff thrust of 81,400 N (18,300 1b) per engine.

A concept for integrating a flight version of QCSEE with this air-
plane has been evaluated. Completed activities include those that
address structural interfaces, such as pylon/engine lines and parting
surfaces, accessory locations and volumes, and basic nacelle internal

and external aerodynamic lines.

The pfbcess of developing the concept of integrating the production
derivative of QCSEE with an airliner having an EBF powered lift system
embraced these tasks, which are documented herein:

Airplane configuration studies

Airplane weight estimates

Airplane performance

Airplane economics

Airplane subsystem airbleed requirements

Engine air inlet design parameters

Engine inlet ice protection airbleed needs

Engine inlet ice protection system concept

Airbleed subsystem concept :

Airplane shaft-driven accessories concept

Disposition of heat from accessories

Idle thrust effects on airplane ground handling

‘Thrust reverser effectiveness requirements
"QCSEE installation design concept

Installation concept for bottom accessories (trade study)
Installation concept for reduced acoustic suppression (trade study)
Digital control integratiocn

Making. wing flaps compatible with turbine exhaust

Pylon and engine mount concepts

Propulsion system fire protection concept

Propulsion system cooling and ventilation concept

Engine and accessories drains concepts

Core cowl and pylon protection against overpressure
Engine durability requirements for short-haul application
Engine performance and installation requirements for short haul
Impact of bottom accessories version on airplane

Impact of reduced acoustic suppression version on airplane
Pressure and inertia forces on inlet duct

Airplane takeoff and landing profiles for noise estimates
Maintainability assessment

Access provisions' concepts

Maintenance workstand concept



3.0 ATRCRAFT REQUIREMENTS AND CHARACTERISTICS

3.1 AIRCRAFT REQUIRﬁMENTS, GROUND RULES, AND SIZING METHODS

The principle design requirements for the baseline UTW aircraft are:

Payload - 150 to 170 passengers

Range - 926 km (500 NMi) .
Field Length - 914.4 m (3000 ft) for SL, 32.2° C (907 F) conditions
Noise - No greater than 95 EPNdB on 152.4 m (500 f£t) sideline

‘A range capability of 1389 km (750 NMi) with a full passenger load
was also desired when operating from runways longer than 914.4 m (3000 ft),
These design goals are based on requirements specified by American
Airlines (Appendix A).

The aircraft sizing process is illustrated in Figure 1. Takeoff
and landing performance is calculated to determine combinations of
wing loading (W/S) and aircraft thrust-to-weight ratio (T/W) that satisfy
the 914.4 m (3000 £t) field length requirement. Parametric alrcraft are
sized for each of these combinations and the design point is selected on
the basis of minimum direct operating cost.

3.1.1 Takeoff

The takeoff and landing performance ground rules are based on FAR
Part 25 and Part XX (Reference 1l). Takeoff field length is defined as
the greater of:

Py 1.15 x all engine takeoff distance to 10.7 m (35 ft) height.

. Distance to 10.7 m (35 ft) height with eritical engine failure
at vj.
. Distance to accelerate to Vi and -then decelerate to a stop.

The following constraints were used in calculating takecoff field
length.

® Rolling friction, p = 0,025
. Fuselage angle of attack < ground limit = 15%

. Rotation rate, < 5°/sec
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. C;, < 0.9 CLmax

. No deceleration during air run to 10.7 m (35 ft)

. 2.6 ﬁ/sec (5 knot) earIy rotation may mnot give greater one-
engine-failed takeoff distance

. Accelerate - Stop distance based on three second delay after
reaching Vi followed by a deceleration of 0.4g to a stop.

. Engine-failure recognition time = 1 sec

Takeoff performance was estimated by calculating the time history of
the takeoff flight path. This method allows for recognition of changes in
aerodynamic characteristics and flight limitations which occur during the
maneuver. The calculations are governed by the following assumptions:

1. The aircraft is assumed toc be a point mass, i.e., second-order
. rotational dynamics have been ignored and the analysis is
essentially two dimensional.

2. The forces acting on the aircraft are summed in the longitudinal
and normal directions and are a function of true airspeed,
flight path angle, angle of attack, and height above the ground.

3. Any restriction on speed, acceleration, attitude, ete. may be
imposed as desired.

4, The path is generated by numerical integration of the forces
acting on the aircraft over small increments in time using a
digital computer.

Powered-1lift ground effects and flap angle optimization are included
in the calculations.

3.1.2 Landing

The methods and assumptions used in calculating landing field length
are essentially the same as those used for takeoff performance. The
landing maneuver consists of three segments: approach, flare, and ground
roll, as shown in Figure 2. ZLanding field length is defined as the
landing distance over a 10.7 m (35 ft) obstacle divided by a 0.6 factor,
i.e., a 914.4 m (3000 ft) field length requires a landing distance of
548.6 m (1800 ft), The following comstraints were used to establish the
equilibrium approach conditions:
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. Approach thrust < 65% of takeoff gross thrust. This provides
sufficient thrust margin to permit continuation of the approach
after failure of an outboard engine.

[

° Sink rate = 4.6 m/sec (900 fpm). For a 914.4 m (3000 ft) landing
field length, this corresponds to an approach path angle of
approximately 5.2 degrees.

° Vapproach/Vgra1l > 1.3 with approach thrust

. Available load factor > 1.2 at 90% of Clpax

. Angle of attack margin > 10 degrees from stall

The flare maneuver is governed by the following constraints:

. Fuselage angle of attack < ground limit + 15°

. Rotation rate < 5°/sec

. Cr, £ 100% of CLy,. in ground effect

The flare maneuver was accomplished by retracting the DLC spoilers

at the flare height and rotating the aircraft at 5°/sec. As the aircraft
approaches the ground, Cp, and Cp tend to drop off due to ground effect.

Retraction of the DLC spoilers provides an incremental load factor of
approximately 0.1g.

The ground roll consists of one second at constant speed from touch-
down to deceleration device effectiveness, followed by a constant decelera-
tion of 0.35 g to a stop. Landing, like takeoff, was calculated for sea
level, 32.2° C (90° F) conditions.

3.1.3 S8izing Mission

The thrust-to-weight ratio and wing loading combinations which satisfy
the takeoff and landing field length requirements together with parametric
weight data [OEW = £(TOGW, W/S, T/W)] , installed thrust and fuel flow maps,
and drag and tail sizing information are used as inputs to a computer
program which performs the aircraft sizing calculations. This program
was developed by Douglas Aircraft Company over the last six years
specifically for the sizing of aircraft in the advanced-design concept
stage. The methods used are essentially those of classical, airplane
performance. The mission profile used in sizing the baseline aircraft is
shown in Figure 3. The computer program was used to calculate 2-degree-
of-freedom mission time histories, iterating on the weight, thrust, drag
and tail sizing data to determine the characteristics such as TOGW, wing
area, engine size, OEW, fuel burned, etc. of an aircraft which satisfies
the requirements of the mission profile with the desired payload. When
a solution has been found, the program calculates a direct operating cost
(DOC) breakdown.
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"A constant cruise Mach number of 0.70 at 9450 m (31,000 ft) was
selected on the basis of a trade off between minimizing block time and
minimizing fuel consumption. The profile accounts for the 129 m/sec
(250 knot) speed limit below 3048 n (10,000. £t) altitude and a cabin pres-
surization rate-limited descent. Fuel reserves include provision for a
185 km (100 MMi) diversion to an alternate destination rlus 45 minutes
hold at long-range cruise speed. Mission performance was calcilated for
standard day conditions.

3.2 AERODYNAMIC CHARACTERISTICS

The aerodynamic high lift characteristics.used for the takeoff and,
landing calculations are based on Douglas wind tunhel data for the
externally-blown~flap. These data were adjusted to reflect an increase
in wing aspect ratio from 7 to 9 using the Elementary Vortex Distribution
(EVD) powered-lifting surface theory. Trimmed lift and drag character-
istics for the flap settings used for the baseline aircraft are shown in
Figures 4 through 7. Figures 4 and 5 are for a takeoff flap angle of 20
degrees with all engines operating and with one outboard engine failed .
respectively. Figures 6 and 7 are for a landing flap angle of 48 degrees
with DLC spoilers extended (used during landing approach) and with DLC
spoilers retracted (used during flare maneuver), respectively. These
data are modified by empirical equations to represent in-ground-effect
data. These powered-1fit ground-effect equations are presented in
Appendix B.2 of the NASA Short-Haul System Study (Reference 2).

The cruise drag characteristics have been estimated by the well-
established Douglas drag prediction procedure for jet tramsport aircraft.
The cruise drag consists of the zero-lift parasite drag and the drag-
due-to-1ift at Mach numbers below those at which compressiblity effects
exist, plus the drag-due-to-compressibility. The zero-lift parasite
drag and the drag-due-to-lift are evaluated at 0.5 Mach number, but at
the Reynolds number corrésponding to'the design cruise points; in this
way, the compressibility drag, which accounts for any drag increase at
Mach numbers above 0.5, does not include a Reynolds number variation with
Mach number. A breakdown of the estimated zero-lift parasite drag for
the baseline aircraft is shown in Table I. The nacelle drag is discussed.
in Section 3,3-5, The trimmed cruise configuration estimated total drag
characteristics (zero-lift parasite, lift dependent, and compressibility
drag) are presented in Figure 8 for a range of lift coefficients and Mach
nunbers.

3.3 ATRCRAFT DESCRIPTION

The external characteristics of the baseline aircraft are shown in
Figure 9. Four variable-pitch  (QCSEE) engines of 81,400 N (18,300 1b)
rated thrust are mounted on the 143 m? (1541 sq ft) wing. The aspect
ratio 9 wing utilizes a supercritical airfoil section and has approximately
3 degrees of sweep at the quarter chord. This small amount of wing-sweep

11
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Table I, Low Speed Drag Breakdown.

Induced Drag Efficiency Factor

Component Equivalent Parasite Drag Area
Sg m 8q Ft

. Fuselage

Friction, Form, Roughness% 0.922 9.93

Aft - Fuselage Upsweep 0.124 1.34

Canopy 0.005 0.05

Gear Pods 0.159 1.71
Wing

Friction, Form, Roughness 0.839 9.03

Flap Hinge Fairings ¢.139 1.50
Horizontal Tail

Friction, Form, Roughness 0.248 2.67
Vertical Tail

Friction, Form, Roughness 0.164 1.77
Nacelles & Pylons

Friction, Form, Roughness 0.405 4.36
Subtotal 3.006 32.36
Miscellaneous ILfems

Excresences {7.1% of subtotal) 0.214 2.30

Airconditioning (0.7% of subtotal) 0.021 0,23

Controel Surface Gaps 0.028 (.30
Total 3.269 35.19

0.765

area .

*Wiﬁg, vertical tail and gear pod footprints removed from fuselage wetted
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limits cruise Mach number to about 0.74, which is ample for the short
stage lengths on which the aircraft will be operated. A 35-percent chord,
double-slotted flap in conjunction with full-span leading-edge devices,
provide outstanding high-1ift performance. Spoilers are used for direct
lift control in the approach mode. The high-lift system does not require
any engine bleed. .

The engines are located well inboard to reduce engine-out asymmetric
effects. The location of the outboard engine at 50 percent of the wing
semispan allows sufficient spacing to avoid significant interference
drag penalties. Figure 10 defines the location of the engine relative to
the wing-flap at the inboard pylon station. The takeoff and landing flap
positions and supercritical airfeil section are clearly visible. The
placement of the engine relative to the wing leading edge and wing refer-
ence plane are based on extensive Douglas low and high speed wind tunnel
test experience.

In order to reduce the dependence of the aircraft on ground support
equipment, airstairs have been included in the design. They are located
at the left 51de entrance doors at each end of the passenger compartment.
More than 57 m3 (2000 ft3 ) of cargo volume is available in forward and
aft under-flcoor compartments.

The 4.6.m (15 ft) diameter wide-body fuselage is designed to -
accomodate 162 passengers in a double aisle, six abreast, single-class
seating arrangement with 86.4 cm (34 in) pitch. Seat size is similar to
that in a DC~9, and approximately 2.5 cm (one inch) wider per passenger
than DC-8 or 3707/727/737 seats. An aisle width of 50.8 cm (20 in) was
chosen, consistent with current wide-body airplanes, to minimize passenger
loading and unloading times. The arrangement of the passenger compartment
is shown in Figure 1l. Overhead baggage compartments are like those in
current wide-body aircraft, and coat racks are located near the exits.

Due to the short stage-lengths over which the aircraft will be operated,
there are no provisions for hot meal service galleys: however, buffet-
coffee bars are located at each end of the passenger compartment.

The cockpit area is arranged for operation with two crew members,
but jump seats are provided for an optional third crewman and for an
observer, The third crewman's seat is positioned midway between the
pilots' seats behind the center pedestal so that he can reach all center
pedestal controls including throttles and can monitor systems on the
overhead panel. In addition, he could assist in check list procedures and
provide a third pair of eyes for avoidance of mid-air collisions. The
observer's seat position is suitable for observ1ng a2ll crew procedures
. as would be required by a check pilot.

The sizing chart for the baseline aircraft, shown in Figure 12, con-

sists of plots of direct operating cost at 926 km (500 NMi), gross weight,
rated thrust per engine, and uninstalled thrust-to-weight ratio (T/W)}

19
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as a function of wing loading (W/S). The plot of T/W vs W/S shows lines
of constant 914.4 m (3000 ft) takeoff and-914.4 m (3000 ft) landing field
length. The minimum DOC and gross weight occux at the W/S and T/W where
the takeoff and landing field length are both equal to 914.4 m (3000 ft);.
W/S = 494 kg/m2 (101.2 psf) and T/W = 0.471. The baseline aircraft was
sized essentially at this point [W/S. = 493 kg/m?2 (101.0 psf), T/W = 0.470]
which results in a near-optimum design at an uninstalled thrust level of
81,400 N (18,300 1b) per engine. Direct operating cost is relatively
insensitive to design wing loading. Changing wing loading by 24 kg/m

(5 psf) will change DOC by only 0.l percent. Any engine size ‘between
75,600 and 89,000 N (17,000 and 20,000 1b) could be used and still meet
all design requirements without any significant increase in DOC. There is
no measureable difference in DOC between sizing at a W/S of 494 and 493
ks/m (101.2 and 101.0 psf).

A summary of the basic aircraft characteristics is shown in Table II..
The primary aircraft design requirement is to carry 162 passengers, 926 km
(500 MMi) from a 914.4 m (3000 ft) length field, The alternate mission is
to carry the same payload 1389 km -(750 NMi) from a longer runway. The 1389
ke (750 NMi) mission requires tfie fuel load be increased by 2268 kg (5000 .
Ib), which increases the required field length to 975 m (3200 ftl. Both
missions are flown at a cruise Mach number of 0.70 which represents a com—
promise between the high speed (M = 0.74) and long range (M = 0.62) cruise
speeds., )

3.4 WING FLAP ENVIRONMENT

The close coupling of the propulsion system and aircraft wing required
for an EBF installation results in a higher temperature wing flap operating
environment. Figures 13 through 15 depict the superposition of the QCSEE .
exhaust isotherms on the baseline airplane flaps. Shown are the environ-
ment the flaps are in for takeoff; for go-around and for thrust reversing.
From these figures the summary presented in Table III is made of flap
heating from the turbine exhaust stream.

For operation at these temperatures, Inconel 718 is proposed for the
rear flap box beam section and for the leading and trailing edge sections
covering approximately 587% of the flap span. Aluminum alloy is used for
the balance of the rear flap. Titanium alloy is used for the forward flap
box beam section and for the leading and trailing adge sections, also for
approximately 58% of the flap span. Aluminum alloy is used for the balance
of the £flap.

This construction concept has been accounted for in estimating the
weight of the baseline airplane.
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Table IT. .Aircraft ‘Characteristics.,

Design Field Length 914 m ' (3,000 £t)
Payload [162 PSGR at 91 kg (200 1b)i 14,700 kg (32,400 1b)
Design Range ‘ ' 926 I.C'm (500 N Mi)
Max Range witﬁ Design Payload 1,389 km _~ (750 N. M. ).
Design Takeoff Gross Weight 70,620 kg (155,700 1b)
Max Takeoff Gross wéight 72,890 kg 160,700 1b)
Max Landing Weight 70,620 kg (155,700 1b)
Wing Area . 143 mz (1,541 ~ft2)
Rated Thrust Per Engine 81,400 n (18,300 1b)
w/s | 493 kg/m? (100 1b/£t%)
T/W Uninstalled 0.47

Cruise Mach Numi:ef 0.70

DOC at 926 km (500 N Mi) 1.23 (¢/ASKm) (2.27 ¢/ASNN)
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3.5 AIRCRAFT WEIGHTS

~ The group weight statement for the airplane is shown in Table IV and
a breakdown of propulsion system weights in Table V. Advanced construction
techniques and materials are incorporated in the aircraft as follows:

. Composite Materials: Control surfaces and a limited amount of
secondary structure.

° Advanced Metallic Structural Concepts: Integrally machined
stiffeners, advanced alloys and honeycomb sandwich used in wing
and tail boxes.

. Carbon Brakes.

Table III. Flap Peak Temperature.

Flap Peak Temperature

Flap Member Operating Condition ° K e F

Rear Flap Go~Around-Flaps in Approach 888.9 1140
Configuration Takeoff Thrust

Rear Flap Takeoff - Flaps in TO Configuration 838.9 1050
Takeoff Thrust

Rear Flap Reversing - Flaps in Approach
Configuration Max. Reverse Thrust 800 980
Forward Flap Reversing - Flaps in Approach 555.6 540

Configuration Max. Reverse Thrust

28



Table IV. Group Weight Statement.

Weight
kg ib
Wing 9,531 21,012
Tail 1,864 4,109
Fuselage 10,051 22,158
Landing Gear 2,815 6,206
Surface Controls 1,546 3,409
Propulsion 9,029 19,906
Auxiliary Power Plant 410 903
Instruments and Navigational Equipment 506 1,116
Hydraulic 562 1,240
Pneumatic 443 977
Eletrical 1,139 2,511
Electronics 758 1,672
Furnishings 6,439 14,196
Air Conditioning and Anti-Icing Equipment 855 1,886
Auxiliary Gear 14 30
Manufacturer's Weight 45,964 101,331
Operational Items 1,324 2,919
Operational Empty Weight 47,288 104,250
Payload 14,697 32,400
Fuel 8,641 19,050
Design Takeoff Gross Weight 70,626 155, 700
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Table V., Propulsion Systeﬁ Weight,

_Weighti
kg 1ib

Flight Design QCSEE' Iastallation 479 1057
Less -

Fire Detection and Extinguishing

(Charged by Furnishings) Per MIL-STD-1374) ~25 -56
Less -

Blead and Anti-Ice

(Charged to Air Conditioning & Anti-~Icing -13 -28"
Per MIL-STD-1374) '
Net Installation 441 G73
Additional Engine Systems(l) 28 62
Pylon 298 658
Airplane Accessores Gear Box, PTO Shaft, ]
Supports 20 45
Singie Propulsioﬁ"System Less Engine And

Fuel System 788 1738
Engine 1384 3051
Bingle Propulsioh System Less Fuel
Systen 2712 4789
Total Propulsion System Less Fuel . T
System 8689 . 19,156
Fuel System 340 750
Total Propulsion System 9029 ‘-19,906

(1)

Engine controls, auto throttles, cooling system, start system, and

ignition system (portions of cooling, start, and ignition systems

are included in GE engine and nacelle).




4.0 PRQPULSION SYSTEM/ATRPLANE INTEGRATION

4.1 REQUIREMENTS

The baseline short-haul airplane concept described in this report is
based on a propulsion system designed to meet the following requirements.
These requirements are based on QCSEE Program objectives as modified by
DAC to meet their projected aircraft needs.

4,1,1 Takeoff Thrust

The engine should provide takeoff thrust of 81,400 N (18,300 1b)
(uninstalled) flat rated to 32.2° C (90° F) at sea level.

4.1.2 Thrusct-to-Weight Ratio

The static sea level thrust-to-weight design goals for- the EBF unin-
stalled engine and the total propulsion system (including the engine and
nacelle but without aircraft accessories and pylen) are as follows:

N/kg 1b/1b
Uninstalled Engine 60.8 6.2/1
Propulsion System 42,2 4.3/1

4.1.3 Idle Thrust

Ground idle thrust should not exceed 3492 N (785 1b) on installed
basis (4.5% of TO thrust) to limit the maximum ratio of total-idle-thrust-—
to—airplane-weight to 0.03 to ensure satisfactory airplane ground handling
gqualities. Idle thrust values closer to 3% of TO thrust, providing an
upper limit of thrust~to-airplane-weight of 0.02, are preferred.

If the above ground handling limitations cause in—flight compressor
discharge bleed air pressures to be lower than required for air condition-
ing, namely 13.8 N/ cm? (20 psi) gage pressure, it will.be necessary to.
provide a '"flight idle" limit, independent of the "ground idle" limit,
that satisfies the air conditioning requirements,
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4,1.4 Reverse Thrust

Reverse thrust equivalent to 35% of TO thrust is required to enable
the baseline airplane to stop on the runway without brakes. Capability
to back the airplane with reverse thrust is also desired.

4,1.5 Cruise Envelope

The engine should have capability to cruise at pressure altitudes to
9450 m (31,000 ft) at Mach numbexrs up to 0.74.

4.1.6 TInlet Distortion

The system shall be stall free and otherwise satisfactory when operat-
ing at inlet angles of attack (04) up to and including 44° with approach
M, of 0.18 [61.7 m/sac (120 knots)] and up to 51° at M, of 0.12 [41.2 m/sec
(80 knots)] and with cross winds at 90° to inlet axis of up to 18 m/sec
(35 knots) .* This enables the airplane to perform the flight demonstra-
tions needed to certificate the type for airline service.

4,1,7 Thrust Response

The system shall be capable of reaching 95% TO thrust from, flight
idle thrust within 5.0 seconds. The system shall be capable of reaching
TO thrust from approach thrust (0.65 TO thrust) within 1.0 second for
purposes of executing a go-around maneuver with the airplane.

The system shall be capable of reaching maximum reverse thrust from
approach thrust within 1.5 seconds for purposes of arresting the landing
roll on a 914.4 m (3000/£ft) long runway without assist from the wheel
brakes.

4.1.8 Emissions

The propulsion system shall incorporate the best available exhaust
pollution reduction technology to comply with QCSEE Program emission
goals. -

4,1,9 Durability

The system durability shall be consistent with short-haul operations
wherein the utilization rates.are 3000 flight hours per year and there
are 700 — 1000 takeoff and reverse cycles per 1000 flight hours. Propul-

“Differences from Experimental Engine Requirements are explained in
Section 3.3.1 on pages 73 through 76,



sion system condition indicators shall be consistent with the needs of
performing maintenance on an on-condition basis rather than on a calendar
or cumulative flight hour basis. This combined with confidence in com—
ponent reliability will permit maintenance costs per flight hour to be’
guaranteed.

4,1.10 Mownting

The propulsion system needs to be suited to mounting belew a pylom’
beam that cantilvers it below and ahead of the wing such that the fan
nozzle is ahead of the leading edge and low enough that the fan stream
just grazes the underside of the wing,

Provisions for attaching thrust reacting links at the core/fan frame
interface at approximately the 10 and 2 o'clock positions and for insert-
ing a side and vertical load reacting pin at the 12 o'clock position are
desired to accommodate the whiffle-tree mounting concept. This concept
is preferred because it equalizes the reactions at the engine attach
points and minimizes the bending moment imposed on the engine casing.

Provisions are desired for attaching three links to the top section
of the turbine case, as is typical of current practice in turbine engine
installations, to react the side and wvertical forces.

The engine mount attachments and the related carry-through structure
must be consistent Wwith the airplane design concept of providing load
paths that will handle the limit flight Fforces in the event any single
element of the mount system fails.

4,1.11 Lube Q0il System

The lube 0il capacity should be compatible with utilizing the engines
at least 10 hours per day without need to service the tank. Provisions
are needed for indicating oil quantity to the flight crew, and for filling
the lube oil tank from a remote location. The heat load from engine rotor
bearings, accessory drive power train, and fan drive reduction gear
should be transferred to the fuel system.

4,1.12 Bleed Air Requirements

Engine bleed air requirements are established by the Environmental
Control and Tce Protection System and by the Engine Starting System.
Flow rate, pressure, temperature, and cleanliness/purity of the bleed
air are significant parameters. -
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4.1.12.1 Bleed Flow Requirements

-

. The air flows presented in Table VI will satisfy aircraft require-
ments. The bleed flows actually extracted from the engines will depend
on the bleed system.controls, described in Section 3,2.17, and on the_
operating conditions of the airplane and engine. For the purposes of
this report, it has been assumed that engine extractions essentially
correspond to aircraft requirements -as shown in Table VI.

Table VI. Aircraft Bleed Flow Requirements.

1. Minimum cabin flow to provide 0.68 kg/sec (i:5 1b/sec)
pressurization: )

2. Desired cabin flow for normal air 2.04 kgfsec " (4.5 1b/sec)
cdonditioning: ) .

3, Engine inlet ice protection flow, 0.27 kg/sec (0.6 1b/§eé)
per engine:

4, Left wing ice protection flow: 0.41 kg/sec (0.9 1b/sec)

5, Right wing ice proﬁection flow: 0.41 kg/sec (0.9 1b/sec)

6. Tail ice protection flow: 0.68 kg/sec (1.5 1b/sec)

-4,1.12.2 Bleed Pressure Requirements

The minimum gauge pressure at which rated cabin pressurization and
air conditioning can be provided is approximately 13.8 N/em? (20 psi).

It shoild be possible.to deliver the above pressure from the intetr--
stage bleed port (for economy reasons) during normal power cruise, and
from the compressor discharge bleed port during idle descent without
impacting on crew workload by requiring engine power adjustments.

4,1.12,53 Bleed Temperature Requirements

The minimum temperature at which ice protection can be provided at
the bleed flow rates given in Paragraph 3,1.12.1 is 204.4° C (400° ¥).
The aircraft is not provided with any means of increasing the temperature
.of the bleed air extracted from the engines.

The maximum allowable temperature for air which is to be routed
through the aircraft is 232.2° ¢ (450° F). It is recognized that engine
bleed temperature will sometimes exceed this value. The aircraft bleed
system will therefore include a heat exchanger in each pylon to limit the
maximum air temperature, as described in Paragraph 3.2.17.



4.1.12.4 Bleed Air Cleanliness/Purity Requirements

Airborne Dirt: The inherent, centrifugal particle-separating charac—
teristies of the engine fan and compressor should be exploited to the
greatest practical extent so as to minimize the dirt content of bleed
air.

Engine Generated Impurities: Bleed air shall be free of engine-
generated impurities during normal operation.

Contamination Produced by Engine Failure: The inherent, centrifugal
particle-separating characteristics of the engine compressor should be
exploited to the greatest practical extent so as to minimize the con-
tamination of bleed air in case oil enters the compressor,

4.1.13 Airplane Accessories Drive

The propulsion system should provide a shaft power takeoff (PTO)
drive suitable for driving an airplane accessories pack mounted atop the
pylon beam aft of the fan frame.

The airplane concept includes an accessories pack composed of a vari-
able—dlsplacement hydraulic pump having a maximum displacement of from
36 to 49 ca3 (2.2 to 3.0 cubic inch) per revolution, a 60 KVA rated inte-
grated drive gemerator (IDG), and an air turbine starter. These are all
mounted on a gearhex designed to provide the appropriate reductlon gear
ratios between the input drive and the accessory drives.

A power takeoff drive shaft connects the input drive on the accessory
gearbox to the power takeoff pad on the engine. The latter will be the
interface between the quick engine change unit (QECU) and the airplane.

The shaft power demands for a typical mission profile are shown in
Table VII.

The power takeoff drive train would have to be designed to accommodate

the overloads related to fault clearing in the electric power distribution
systems as well as the starter cranking loads.

4.1.14 Nacelle Ventilation and Cooling

Sufficient airflow should be provided through the core engine zone
and the accessories section for purging the space of flammable vapors
that might be present as the consequence of fuel or lube system component
failure, and for cooling selected components, i.e., the lube-oil tank.
Airflow rates that provide for 6-10 air changes per minute in the affected
spaces are typical of current practice and are estimated to be appropriate
for this concept.
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Table VII. Shaft Power Extraction,

Load on PTO Drivel Load on PTO Drive2
ww. . Operating Mode kw HP kw HP
Idling at Terminal ) 35.0 47 3.7 5
Taxiing to TO Position .58.2 ~ 71,6 {78 ~ 96 | 15,7 = 29.1 |21 - 39
Takeof? Ruri® 54.4 - 70.8 | 73 - 95 | 29.8 - 46.2 |40 - 62
clitib 39.5 ~ 47,7 |53 - 64 | 15.7 - 23.9 (21 - 32
CFuise 38,0 - 46.2 |51 - 62 | 15.7 - 23.9 |21 - 32
Descént 40.3 - 48,554 - 65 | 15.7 - 23,9 l21-~ 32
Holding 40,3 - 48.5 1 54 - 65 15.7'- 23,9 {21 - 32
Landing Approach 43.3 - 66.4 |58 - 89 | 15.7 - 38.8 |21 - 52
Go-Around 39.5 - 66.4 (53 -~ 89 | 15.7 - 38.8 {21 - 52
Landing Roll Out 76.8 103 50,7 68

1The two driving on-line IDGs

2The two driving hyd pumps and standby IDG

3657 M, 9450 m (31,000 f£t)
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For the core zone, it is envisioned that air from the fan discharge
duct would be introduced through inlets near the front of the core cowl,
sweep the length of the compressor, combustor and turbine casings, and
discharge to the atmosphere from exits on the core cowl afterbody,
downstream of the fan nozzle.

For the accessories zone, a ram scoop or scoops would int
stream air at the front of the zone, directing the flow at the engine’
lube o0il tank and other selected accessory components. The air would
flow rearward through the engine and ajrplane accessories sections, and
exhaust to the atmosphere through an exit in the pylon upper falrlng
near the wing leading edge.

4.1.15 Firxe Protection

To implement the baseline airplane fire protection concept, the pro-
pulsion system must embody certain features to prevent the outbreak of
fire and to contain an outbreak, in the event the prevention system is
defeated, until the suppression system is brought into play.

The required features are, in addition to the flammable vapor purg-
ing function noted in discussion related to ventilation and cooling, the
enclosing of all the fuel-carrying tubes in the core zone with flreproof
shrouds that are vented to the atmosphere and fireproof constructlon at
the boundaries of the core zone and accessories section.

The shrouded tube concept serves to provide double~wall containment
of the fuel. The vent feature affords a practical means of verifying
the fuel-tight integrity of the primary (inmer) tube and also of safely
disposing of leakage from the primary, should ‘that occur, The vent exit
should be positioned to assure that leakage cannot possibly enter the
engine air intake passages even, for instance, in the reverse pitch mode
where the fan nozzle is in the flare p031t10n, functioning as the -air
inlet.

The fireproof construction is vital to the contaimment of a fire
until the flight crew has become aware of the situation and taken action
to isolate the affected zone by shutting off the various supplies of
flammable fluids (fuel and hydraulic 0il) and to suppress the. fire by
discharging the fire extinguisher system.

-4,1.16 Drains

Provisions are required to facilitate collecting leakage that may
develop with the accumulation of operating time, from accessory shaft
seals, etc.,, and from various fluid leaks and spills that may occur in the
accessory section as a result of component failure or maintenance actions,
so that they can be safely discharged to the atmosphere. It is planned
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that this would be accomplished by routing the drain to an exit mast
protruding from the trailing edge of the pylon fairing where emissions
would either fall clear of any part of the pod or be swept away in the
turbine exhaust stream.

Provisions are needed to prevent fluid that spills into the acces-
sories section from either leaking to the core zone, where it could re-
present a potential fire hazard or running down the sides of the pod .
where it would detract from the appearance of the airplane and also
constitute a maintenance burden. This will be accomplished by providing
a "gutter" at the interface between the accessory cover/fairing and the
fan casing or pod outer diameter to contain a spill until it draing
away through the -drain system that exits through the pylon trailing edge
or through the fan frame vanes to the fan casing or pod outer diameter
at the bottom center lines.

4.1.17 Safety

The propulsion system should be capable of accommodating large
compressed air leaks into the core engine space, as would be the case if
a bleed duct ruptured or a duct joint separatéd, without sustaining over-
pressure distress to the core cowl. This accommodation could be made by
provldlng ‘hinged blow-out doors on the core cowl afterbody (downstream of
the fan nozzle) that limit the pressure rise in the core zone. The air-
plane design concept affords protection to the pylon by means of a pre~

sure limiting blow-out in the pylon upper fairing.

) 4.1.18 1Inlet Loads

The provisions for attaching the inlet duct to the fan frame must
satisfy all of these loading conditions: '

° Axial load stemming from the pressure distribution on diffuser,
lip, and exterior cowl surfaces. The loads prevailing when the
fan is operating in reverse pitch must be assessed, as well as
those occurring in the normal forward thrust mode.

. The moments, shears, and axial loads related to the pressure
" " distributions and inertia forces acting on the inlet during
airplane maneuvers, gust encounters, and high sink-rate landings.

. The inertia forcgs associated with the forced wvibration accom-
panying the loss of a group of adjacent fan blades at-high fan
rotor speeds.

Design criteria that identify a significant portion of the above
design requirements -are discussed in detail in Section 3.3 Nacelle
Aerodynamics., :



4.1.19 Maintainability

Since the time required to replace engine components constitutes an
important portion of the propulsion system maintenance load, the engine
configuration should address minimizing this burden, thus reducing this
component of airplane DOC. ’

The propulsion system should therefore be designed to meet the
following goals:

The engine should be capable of being trimmed on a test stand
and then not require additional trimming when installed on an
aircraft.

Access for inspection (including borescoping operations) and
adjustments shall be accomplished without disturbing components
or systems.

Quick-opening doors shall be provided for access to the cbre
to expedite turnaround and through-flight servicing actiens.

Borescope ports for inspecting the internal condition of the
compressor, combustor, and turbines shall be suited to the per--
formance of this task while the engine is in place on the wing.

The engine shall be compatible with other nondestructive inspec-—
tion/test techniques such as X-ray, zyglo, and radioisotope.

‘The engine design should accomodate the forces related to main-

tenance personnel grasping and/or standing on those parts of
the engine which could serve as hand holds or steps.

Accessories and components requiring routing servicing actions
must be accessible without need to remove or disassemble un-
related parts or systems.

Fan blades must be replaceable and pitch change mechanism
serviceable without removal of the inlet duct. Fan duct sur-
faces must be durable enough to be compatible with meeting this
goal.

The tools required for line maintesnancé at way stations dre
limjted to those reasonably expected to be part of an aircraft
mechanies' kit.

Engine hoist and ground handling equipment attach points must be

accessible for the use intended without disturbance to the
demountable engine assembly.
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. The engine assembly must be replaceable (on the wing) without
disturbing the rigging of the throttle and fuel shutoff
controls in the airplane. )

For guidance in establishing goals, the accepted replacement times
for selected (significant to QCSEE concept) engine components in current
generation turbofan installations are noted below.

The time represents elapsed time needed to replace the designated
component (see Table VIII), while the engine is in place on the aircraft
exclusive of the time required to gain access to the component (position-
ing ladders or work stands, gathering tools, obtaining the needed replace-
ment part, opening cowls and access doors, the performing of functional
testing, ete.) The tasks are performed by no more than three men having
appropriate skills of average skill .level.

Table VIII. Component Replacement Time,
Subsystem Component Minutes
Pneumatic Intermediate bleed check valwve 12
CDP bleed control wvalve 15
Inlet ice protection valve 10
Power Plant Inlet duct 45
) Fan cowl half 20
Core cowl half 20
Engine 'Fan spinner 15
Single fan blade 75
Fan rotor assembly ) 250
Combustor 65
H.P. turbine 210
L.P. turbine 210
Fuel pump 60
Fuel control 50
Exhaust Core nozzle 80
Nozzle plug 15
Tube 0il Engine oil tank 20
Lube pump -~ pressure 35,
Lube pump - scavenge 35
Fuel/oil heat exchanger 25

On the basis of experience with current turbofan-powered airliners,
it appears reasonable to use 240 minutes as a goal for the replacement
time for the complete baseline engine change unit by a five-man crew.



4,1.20 Engine Control System

An engine control system based on an engine-dedicated, full-authority
digital electronic controller which used digital data paths to communi-~
cate with the engine and with an aircraft thrust control system, air data
computers, and engine-mounted systems, is required for each engine. Each
engine control system will provide selected automatic operating modes in
response to thrust level and mode selection commands from the aircraft
thrust control system. In addition, each engine control system will
provide engine status data for crew display, recording, and onboard
diagnostic purposes, over the entire airplane operating emvelope. This
engine status data will include selected failure indications and correc—
tive action advisories generated within the engine control system.

4,2 INSTALLATION CONCEPT

Figure 16 shows the orientation of the propulsion system with air-
plane wing needed to integrate the two to achieve a high performance
externally blown flap (EBF) powered lift system. The relationship of
the double-slotted wing flap is shown for the cruise (fully retracted)
and the takeoff and landing approach (maximum extension) operating con-—
ditions. Figure 17 depicts the propulsion system installation concept.

4,2,1 Inlet Duct

.The pod features a long, axisymmetric inlet duct with a relatively
small throat section designed to induce a high inlet Mach number which
serves to suppress the radiation of nolse forward from the engine. The
inlet highlight to throat diameter ratio of 1.21 adequately accommodates
the expected inlet angle of attack that will be encountered in airline
operations. The low wing loading of the baseline airplane coupled with
the inlet location far-ahead of the wing, results in such modest upwash
angles that there is no need to incorporate droop in the inlet. The
leading edge section is all metal and is fitted with a hot air ice pro-
tection system.

The inlet duct construction is a composite sandwich composed of
Kevlar face sheets, epoxy bonded to aluminum alloy flexcore honeycomb.

4,2.2 Fan Module

The fan module is composed of a single-stage fan assembly featuring
18 variable-pitch, wide-chord fan blades of all composite construction,
supported in an all-composite fan frame which includes 33 integral stator
vanes; a planetary reduction gear to drive the fan at part power turbine
shaft speed; the fan thrust bearing; the fan pitch change mechanism
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enclosed by the fan spinner; and the power takeoff shaft (tower shaft)
which drives the engine accessories located atop the fan frame. The
tower shaft is carried in the 12 o'clock position fan stator, which serves
also as the leading edge section of the portion of the pylon that lies
within the fan passage.

A belt of Kevlar felt is embedded in the fan frame on the exterior
of the fan tip treatment to serve as a containment ring for the fam.

No provisions are made to heat the spinner or fan stators for ice
protection. Acoustic treatment is incorporated in the passages downstream
of the fan including the compressor inlet. A socket designed to react
side and vertical forces is incorporated at the rear of the fan frame
(directly back of the tower shaft) for engine mounting purposes,

The forward end of the fan frame is fitted with 16 rotary latches
that are used to attach the inlet duct.

4.2.3 Gas Generator

The gas generator or core engine module is composed of a nine-stage,
axial flow compressor featuring variable-geometry inlet guide vanes and
stators on the first three stages; a very short, high heat release, ammular
combustor and a single-stage, air—-cooled drive turbine.

Lugs are provided at the 10 and 2 o'clock positions at the fan frame
interface for attaching thrust reacting links for mounting the engine.
Provisions are incorporated in the turbine frame to attach links to react
the vertical and side loads and rolling moments for engine mounting
purposes. Ports are provided on the compressor casing for bleeding air
from the 5th stage and from the compressor discharge.

4.2.4 Power Turbine

The low pressure element of the engine's turbine system drives the
fan. The two-stage uncooled turbine is directly coupled to the sun gear
in the planetary reduction gear assembly, and in the rear, it is supported
by the turbine frame.

The reduction gear system effectively isolates the axial loads in the
fan from those in the power turbine. As a result, the thrust load on
the fan cannot offset the axial load on the power turbine and must be
reacted solely by the fan thrust bearing. To compensate for the absence
of the offsetting thrust from the fan, the power turbine is fitted with
an air balance piston. This system, located at the rear of the turbine,
utilizes air from the compressor discharge to apply a forward thrust
force on the low pressure turbine rotor, offsetting the normal rearward
load. This minimizes the thrust bearing load and permits the use of a



smaller bearing. The gases exiting the power turbine are exhausted to
the atmosphere through a fixed—area, plug-type nozzle.

4.2.5 TFan Exhaust

The fan exhaust passage is a modified annulus formed by the core
engine cowl and the fan duct cowl panels. The pylon effectively parti-
tions the upper half of the annulus into separate ducts and is used to
provide a secondary support for both the fan cowl/duct and core cowl.
Hinges are used-to attach the cowls to the pylon and latches are fitted
to join the cowl halves which are designed to butt at the bottom. This
arrangement provides quick and convenient access to the core engine. The
core cowl afterbody, which is an integral part of the turbine exzhaust
duct, serves as located and provides support for the rear of the core cowl
panels. The leading edge of the cowl is supported in a tongue and groove
joint on the fan frame.

The fan duct/cowl is similarly supported at the frame. These cowl
halves are fitted with hinged trailing edge flaps to provide capability
to vary the nozzle area and to flare the nozzle to make it function as
the engine inlet when the fan is operated in reverse pitch. Oil-operated
actuators are built into the cowl assemblies to position the nozzle flaps.
Since neither the core cowl nor the fan duct cowl panels would normally
need to be removed from the pylon when an engine change is made, the
concept envisions that the airplane hydraulic pump (located on the air-
plane accessories pack atop the pylon) supplies the power needed to
operate the nozzle flaps. This avoids disturbing the nozzle hydraulic
system during engine changes. ’

4,2.6 Engine Accessories

The engine accessories are grouped atop the fan frame and. are en-—
closed by a nonstructural, streamlined shape that constitutes an extension ’
of the pylon beam upper fairing.

Included in the accessory group are the various shaft-driven acces-
sories (fuel pump and hydromechanical fuel control, lube oil pump, "hydrau-
lic" pump for the fan pitch change system, ignition generator) fitted to
the accessory gearbox, which in addition features a power—takeoff drive
for a separately mounted airplane accessories pack; the lube o0il tank;
fuel and lube oil filter modules; and the engine digital control. The
bundle of fuel and oil tubes and wires comprising the umbilical needed
to link the accessories with the gas generator is carried across the fan
passage in a cavity at the rear of the top fan stator.
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4.2.7 Engine Support Concept

The engine is attached to the underside of a box beam cantilivered
from the pylon stub, which is designed to distribute the pylon reactions
to the Wwifg box and also to provide an interface that accommodateés the
uge of the same pylon beam for all four engine positions. The stub con—
cept effectively overcomes the variations in geometry caused by wing
sweep and taper. This feature obviously enhances the producibility of
the airplane and is expected to have significant economic impact. The box
beam construction provides multiple paths for loads so ‘that a -fail-safe

structure is assured. The bottom spar and the bulkliead at the pyloa stub

interfdece are burnthrough resistant to provide fire barriers betwéen the
core and accessories zones and the wing. The mounting concept shown on
Figure 18 is predicated on achieving a fail-safe system that accommoddtes
mov1ng the engine in a vertical direction only in getting it on and off
the wing., Als®, this mounting does not require the installation of
fasteners at the mount/pylon interface that are loaded in shear under
static conditions.

Additionally, it is the objective to minimize the bending momehnts
induced in the engine casing to limit the stresses and the case deflectioiis;
and thus to minimize the compressor blade tip clearahce alloiance feeded
to accommodate the bending deflection.

The whiffletree configuration of the engine front mownt Satisfies
these obJectlves. It is composed of a two-piece central assembly desighed
to engage a socket in the fan frame and transfér the engine reaction to
the toe of the pylon beam, which is set back from the frame in diferénce
to the deed to dccommodate the space envelope of the engine unbilicdl.
Vertlcally oriented bolts attach the fitting at the pylen interface: The
thrust reaction is shared by a pair of links attached to lugs at the 10
afid 2 o'clock positions on the fan frame/core engine intetface and to the
érids of a beam that is joined by a pivot pin through its middlé to afore=
mentioned fitting. This arrangement serves to equalize the Yeactions on
the engine frame, and to keep the thrust lcad line close to the engine akis
so that the bending moment imposed on the engine case is minimized. Im=
plicit in the fail-safe concept 1s the capacity of the fan frame socket to
transfer the thrust reaction in the event of the loss of the structural
integrity of an element of the whiffletree. This mount arrangement also
provides the space envelope requirements of the compressor air bleed system,

The rear mount is composed of a two-piece fitting and three links
designed to attach the turbine frame to the underside of the pylon in a
faghion that reacts side and vertical forces on the engine and the reldted
moments: Accommodation is made for engine thermal expansion: As with the
front mount, vertically oriented bolts are used to make the attachment at
the pylon interface. Laminated links provide a fail-safe design ifi that a
fracturé in one element is unlikely to propagate acrods the inteiface.
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4.2.8 Pylon Beam Auxiliary Functions

In addition to primary function of supporting the engine pod and reac-
ting the propulsive and reverse thrust, the pylon beam also:

e- House the air bleed precooler subsystem

. Supports the airplane accessories pack
° Supports the fire detectorlsystems that survey the core zone

and accessories section.

) Supports the fire extinguisher agent distributor tube and out-~
lets that direct the agent to the core zone and accessories
section,

4.2.,9 TFire Protection

The concept of fire prevention — containment - suppression is realized
by:

] Encapsulating all the fuel tubes in the core 2zone with steel
shrouds, and by ventilating the core zone and accessories sec-
tions to purge them of flammable vapors.

(] Providing fireproof enclosures for the core zome and accessories
section to prevent the spread of fire beyond the space of origin.

. Providing reliable fire detectors to alert the flight crew to
the existence of a fire.

® Providing a fire extinguishing system capable of discharging two
shots of fire suppressing agent to selected spaces.

4.2.,10 Fire Detectors

Continuous element fire detectors are mounted on the pylon beam to
survey the core zone and accessories section, An element mounted on the
pylon upper spar surveys the accessories section. A separate detector
element mounted on the pylon lower spar surveys the thermal enviroment
in the core zone. This arrangement avoids the service troubles and atten-
dant reliability degradation that have been experienced with detector
installations mounted directly on engines or on nacelle panels where the
need to traverse hinged joints, exposure to engine vibration and flexing,
and the presence of disconnects that must be separated for engine removals

“have proved to be troublesome.

PRECEDING PAGE BLANK BOT FILMED
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4.2.11 TFuel Isolation

The fire containment concept is backed up by providing the capability
to cut off the supply of fuel to the fire zone. This is done by providing
the flight crew with the controls needed to shut off the supply of fuel
and hydraulic oil to the affected space.

4,2,12 Fire Extinguisher

The fire extinguisher system for the propulsion system is composed of
four fire extinguisher agent (bromotrifluoromethane) containers and the
related agent distributor tubes and cockpit controls. Two agent containers
are located in the wing leading edge between each pair of engines. Each of
the containers is fitted with two squib-operated discharge’ valves. The
distribution system for each pair of containers is so configured that either
or both containers can be discharged to either of the adjacent engines.

The distributor arrangement causes both the core and accessories spaces to
be simultaneously flooded with extinguishing agent.

4.2.13 Airplane Accessories Pack

The shaft driven airplane accessories are not carried on the engine,
as is tfpical of contemporary turbine engine installations, but rather are
carried, along with the air turbine starter, on a separate accessory
gearbox located atop the pylon beam. The concept shown in Figure 19 en-
visions a gearbox designed to carry the air turbine starter power turbine
module; a 60 KVA integrated drive generator (IDG); a variable-displacement
hydraulic pump and incorporates a fuel/oil cooler that carries awvay the
heat generated by gear meshing and bearings in the gearbox and in the oil-
cooled IDG.

The gearbox concept features oil-lubricated splines for the accessory
drives and integration of the reduction gear needed to adapt the starter
power turbine output to the starting requirements so that only the air
turbine module portion of the starter is exterior tc the gearbox.

The lubricating oil (MIL-1-7808 or MIL-1~23699 o0il would be used as
in the engine) system for the gearbox and IDG would be isolated from the
engine lube system to avoid the possibility of a failure in one system
resulting in contamination of the other. Filters would be fitted to trap
contaminates to prevent clogging critical oil passages or scoring bearings -
or gears.

The IDG, compesed of a hydraulic drive and am oil-cooled, high speed
generator, represents a highly weight efficient power conversion module.
A shaft disconnect that can be operated by the flight crew provides the
capability to decouple the IDG from the accessory drive to prevent its
destruction when sensors indicate impending failure. A quick attach-detach



Figure 19.

Airplane Accessories Pack.
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mount (QAD) is provided to accommodate easy and rapaid replacement of

the unit. The hydraulic pump is composed of two modules: a manifold
module, which is a static assembly attaching to the accessory gearbox pad
and to which the pump pressure, suction and case drain lines are connected;
a plug-in pump module containing the pistens, cylinder block, wobble plate,
and drive, and featuring an electric depressurizing valve (EDV) which

" enables the pump to be zero stroked for wunloading the engine for starting,
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or for deactivating when failure is impending, to avoid contaminating the
system. The plug-in concept enables the pumping module to be removed
without disturbing the hydraulic plumbing, Self-closing valves in the
manifold prevent the loss of fluid or the entry of air, thus purging and
topping-off activities are not required when pump changes are made unless
contaminants are present in the affected system. The pump displacement
can be varied from zero up to a maximum of from 36 - 49 cm3 (2.2 to 3.0
cubic inches} per revolution. A 3.0 CPR pump of this type is now in
production for a military aircraft application.

4.2,14 Accessories Pack 0il Cooling

Fuel bypassed from the QCSEE fuel control is used as the .heat sink for
the heat generated in the accessories pack. The cocling conept is depicted
schematically in Figure 20, which shows the fuel flow from the fuel tanks
to the engine, through the heat exchangers, and back to the fuel tanks.
Fuel from the wing tanks is delivered to the engine positive displacement
pump. From the pump, fuel at high pressure flows to the engine lube oil
heat exchanger and also to a diverter valve (shown in Section 4.5 Figure
88) in the engine fuel control. After passing through the engine heat
exchanger, which cools the oil for the engine lube system and fan reduction
gearbox; the fuel is routed to the fuel control where it flows to the meter-
ing wvalve and to the diverter wvalve. Fuel passing through the metering
valve is consumed by .the engine combustion cycle. Fuel passing through the
diverter valve flows to the control bypass valve and then back to the wing
tanks. The diverter valve receives fuel from both upstream and downstream
of the engine lube o0il heat exchanger. The flow split from these two
sources is a function of fuel pressure level (pump discharge) and conse-
quently a function of engine thrust level, At low pressure level corres-—
ponding to ground idle and high pressure level corresponding to takeoff
and climb, the diverter valve permits fuel flow to the wing only from up-
stream of the engine heat exchanger, hence there is no engine lube heat
returned to the wing tanks at these conditions. At intermediate pressure~
levels corresponding to cruise and descent, a regulated amount of fuel
from downstream of the engine heat exchanger is permitted to enter the
diverter valve where it mixes with upstream fuel and then flows to the
bypass valve and back to the wing tank. The diverter valve permits a
portion of the engine lube o0il heat to be returned to the wing tank during

‘those conditions where the metered (engine combustor) fuel heat sink is

insufficient to provide the necessary engine o0il coeling.
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The heat exchangers for the aircraft accessories pack receive fuel
from the engine control bypass which is the quantity of flow represented
by the difference between fuel flow to the engine pump and fuel flow to
the engine combustor. It 1s estimated, on the basis of current predictions
of engine and aircraft heat loads, that the bypass fuel is of sufficient
quantity and low enough temperature to adequately cool the accessory pack.
Further, and most importantly, it is also estimated thar the rate of heat
addition to the wing tank, including both engine and aircraft heat input
at extremes of fuel temperature, is less than the rate of heat loss from
the wing tanks to the atmosphere. These considerations and assumptions
include the effect of hot fuel in the tanks [up to 50° C (122° F)], low
fuel reserves (10 percent), and both ground static and in-flight heat
transfer from the wing surfaces during hot atmospheric conditions. The
interference of the accessory pack cooling system and the aircraft fuel
system is shown in Appendix C.

4.2.15 Adirplane Accessory Pack

The accessories pack concept is addressed to meeting the needs of the
baseline airplane's electric and hydraulic power subsystems where the
electric system is envisioned as composed of two isolated channels supplied
by separate engine driven gemerators and the hydraulic system of four iso-
lated systems supplied by separate variable-displacement hydraulic pumps,

Generators are fitted to three of the four accessories pack gearboxes.
Two of the three are sharing the airplane electric power load and the third
is on standby, available to pick up the load if one of the on-line gener—
ators fails. A fourth generator is fitted to an APU to provide electric
power when the airplane is parked with -the propulsion engines shut down.,.
Figures 21 through 25 and Tables IX through XIV provide the space envelope,
weights, and performance requirements applicable to the accessories pack
components, -

4,2,16 Bleed Air System

Historically the flow requirements of the Environmental Control and
Ice Protection System have equalled or exceeded those of the Engine Start-
ing System., No change in this relationship is foreseen for a QCSEE-powered
short~haul airplane. Since the demands of these two systems are not
concurrent, the following discussion is limited to Environmental Contxrol
antd Ice Protection System.

An effort has been made to configure the Environmental Control and Ice
Protection System to be compatible with current QCSEE engine characteristics
without impacting unreasonably on aireraft performance, or requiring
technology advancements. The resulting baseline system is shown in Figure
26. The system is designed to provide cabin pressurization, air condition-
ing, engine inlet ice protection, wing ice protection, and tail ice
protection.
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Figure 21, 60 EVA Integrated Drive Generator ize,
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Table IX. Integrated Drive Generator Characteristics,

Rating . 60 kva

' Géherator Speed ' 12,000 rpm

Output Power Frequency Control (400 Hz) % 1%
Within Idle, T/0 Thrust Drive rpm

Contrdlé Over Input Speed Ratio 1.9:1
Generator 0il Cooled

Unit QAD Mounted

Weight 406 kg (89.4 1bs)

Requirements 3 per Airpiane ”

Table X. Hydraulic Pump Characteiistics.

Viriable Displacement Type

Maximum Displacement 49,2 cm3 PR (3 CIPR)
Elect, Depressurizing Valve (EDV) to

Ease Starting Engine

Pumping Module Replaceable without

Distirbing Hydraulic Plumbing

Pump Module QAD Mounted

Weight, {(Incl. EDV) 16;1 kg (35.5 1bs)
Requirements 4 per Airplane



Table XI, Air Turbiqe Starter Characteristics.

Power Turbine Module QAD Mounted
ou Accessory Gearbox

Reduction Gear Integrated with
Accessory Gearbox

‘Cutoff Speed. 6400 PTO Shaft rpm

Weight, (w/o Control Valve) - 3.8 kg (8.4 1bs)

Design Parameters

Limit Torque at PTO Drive on 400 m N (295 £t-1lbs)
Engine

QCSEE Ignition Occurs at 2500 PTO Shaft rpm
Starter Cutoff at 6400 PTO Shaft rpm
Requirements 4 per Airplane
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Table XII. DPower Takeofl Shaft Characteristics.

Connects Accessory Gearbox to PTO Drive

Transmits Shaft Power to IDG and
Hydraulic Pump

Transmits Starting Torque to Engine PTO

Drive
Nominal Length 50,8 cm (20 in.)
Weight 1.95 kg (4.3 1bs)

Design Parameters

Limit Speed 14460 rpm
Handle Starter Torque

Handie IDG Elect. Fault Clearing
Torque

Handle Hydraulic Pump Driving
Torque

Accommodate Relative Motions

Shaft Telescopes to Accommodate
Engine Removal

Requirements 4 per Airplane



Table XII1I. Accessory Gearbox Characteristics.

Mounts Atop Pylon Béanm
Supports and Drives 60 kva IDG

Supports and Drives Variable
Displacement Hydraulic Pump

Supports Sterter Turbine Module

Incorporates Starter Turbine
Reduction Gear

Incorporates Fuel/0il Cooler for
Cooling IDG and Gearbox Lube 0il

Incorporates Reduction Gearing for
IDG and Hydraulic Pump Drives

Weight, (Incl. 0il Cooler) 18.4 kg (40.5 1bs)

Table XIV, Accessory Gearbox Design
Parameters.

PTO Shaft Speed Range at Idle 6700-7200 rpm

PTO Shaft Speed Range at Max
Thrust 13495-14460 rpm

Transmit Starter Torque

Transmit Power to IDG and Hydraulic
Pump

Transfer Heat from Lube 0il to
Fuel Control By-Pass Fuel Returning
to Wing Tank

Requirements 4 per Airplane

63



No,1 4 No,2

¥~Nacelle/Pylon Bleed Systems*

.

L Wing I-P

64

A/C Packs

Iso

7

(HE®

No.3

No.4

? @

No,1

No.2

No,.3

Grnd Pneu Conn )—~——~—

Tail I—P:

R Wing I-P

¥ Blocks No.l through 4 represent the nacelle/pylon bleed systems Ffor
the respective engines including engine inlet ice protection. Details
of these subsystems are shown by Figure 27,

Figure 26, Environmental Control and Ice Protection System.



It has been an airline-imposed requirement for the most recent
generation of commercial aircraft to provide unlimited aircraft dispatch
capability with one bleed source inoperative and mission completion
capability despite failure of a second bleed source in flight. It is
believed that alrline operating experience will justify the continuation

cf this requirement for QCSEE-powered airvcraft. This means that all essential
services must be provided with only two bleed sources operating.

It is a design objective to maximize engine bleed systems isclation,
so as to prevent more than one engine feeding a duct rupture, to prevent
the loss of cabin pressure due to a single bleed duct failure, to prevent
interaction between bleed control systems, and to prevent engine over-
bleeding during operation with nonuniform engine power. The system shown
in Figure 26 provides complete isolation except in some very rarely en-—
coumntered situations such as the case of two inoperative bleeds on the
same side of the aircraft at the same time that ice protection is required.

The use of three air conditioning packs instead of two originates from
an airline requirement to provide unlimited dispatch capability with an
inoperative pack, plus mission completion capability, despite another
failure. Three packs are more favorable than two from the standpoint of
peak bleed flow minimization in an emergency, since cabin pressurization
for life support can be provided with two packs shut off., Three packs
are considered more desirable than four because of maintenance and weight
considerations.

When bleed system isolation is provided, each engine supplies a
particular demand, rather than an average share of the total demand. In
order to minimize the peak requirements per engine, the following modes of
operation will be adopted when ice protecticn is needed and all engine
bleed sources are operative:

1. The No. 1 air conditioning pack will be shut off,

2. Tail anti-icing will be provided by the APU, if operative.
Otherwise the tail will be de-iced periodically with bleed from
No. 4 engine. During the relatively short de-icing interval,
both left and right wing anti-icing will be interrupted if the
bleed liwmit of engine No. 4 would otherwise be exceeded.

In reviewing bleed requirements versus engine system capabilities,
based on experience with prior aircraft, the following could be problem
areas!

. Bleed Flow: The total allowable compressor bleed extraction
from the QCSEE experimental engine is 13% of coxe flow; however,
no more than 7Z can be extracted from either interstage or
compressor discharge. At some operating conditions, interstage
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wleed will not satisfy pressure and/or temperature require-
ments, thus (at these conditioms) the total allowable extrac—
tion becomes limited to 7%Z of core flow., At low power condi-
tions this flow, based on present core flow capability, will
not satisfy aircraft requirements, as given in paragraph
3.1.12.2. Planned development of the core for commercial
application, however, should provide adequate flow for these
conditions.

(] Bleed Pressure: The minimum acceptable bleed pressure for air
conditioning and pressurization is believed to be available
from compressor discharge at all conditions assuming that idle
descent will be made at a flight idle power setting somewhat
higher than the required ground idle setting. ’

It appears that the minimum acceptable bleed pressure may not
be available from the present UTW engine interstage ports at’
all cruise conditions. This conflicts with economy conditions,
therefore, the use of a higher pressure bleed stage may prove
desirable in a flight engine,

° Bleed Temperature: The minimum acceptable bleed temperature
for ice protection is believed to be available from compressor
discharge throughout the icing envelope at holding power condi-
tions, or higher. ' However, flow demands exceed present UTW
core engine compressor discharge bleed limitations at some
conditions. A bleed system design approach that copes with this
limitation is discussed in this section.

. Bleed Cleanliness/Purity: QCSEE, in addition to many engines
in commercial service today, extracts interstage bleed air from
the outer diameter of the compressor rather than the inner
diameter and thus does not make favorable use of the particle
separation characteristics of the compressor. However, provision
for flow extraction across the compressor anmulus is not practi-
cal in such small compressors. The compressor discharge bleed,
also extracted from the outside, ‘does involve a sudden change
in direction which is judged to provide an effective geparator.

Interfacing with the Baseline Airplane Environment Control and Ice
Protection System, shown schematically in Figure 26, is the bleed air
system in each of the four engine nacelles. The nacelle or propulsion
system bleed schematic is shown in Figure 27. Its purpose is to condition
and supply bleed air for cabin pressurization; for air conditioning; for
ice protection of the propulsion system inlet, wing, and tail; and for main
engine starting.

A separate engine port will be needed to supply bleed air at compres-
sor discharge pressure (CDP) exclusively for inlet ice protection. Flow
rate is limited by a pressure regulator and the fixed flow resistance of
the ice protection system. This system is designed to accept full CDP
bleed temperatures. -
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Bleed air interstage pressure is used for the remainder of the
Environmental Control and Ice Protection System whenever the flow pres-—
sure and temperature capabilities of this stage satisfy system demands.
Othervise, bleed air at CDP is used, either exclusively or mixed with
interstage air, as described below.

Compressor discharge bleed is controlled by a special valve, having
various pressure and temperature control modes. During normal operation,
when ice protection is not required, this valve fumctioms as a simple
on-off valve and opens fully whenever interstage pressure is too low for
air conditioning purposes. A check valve in the interstage bleed line
prevents back-flow into the engine.

When ice protection is demanded, the CDP valve opens in a controlled
manner whenever interstage bleed temperature is below the minimum value
required for ice protection, namely 204.4° C (400° F). Somewhat similar
performance is currently available from the "temperature augmentation
valve' provided on the DC-9. It gradually increases the amount of CDP
bleed in the mixture with interstage bleed.. The QCSEE system requires
another degree of complexity due to the lower interstage bleed temperatures.
The mixed flow ranges from 1007 interstage bleed to 100%Z CDP bleed when
operating at a holding condition with a relatively low engine power setting.

An alternative approach would be to override the normal engine fan
pitch controls in such a manner that higher bleed pressures and temperatures
become available at any given engine thrust. This adversely affects fuel
consumption, however, such an operating mode would cccur only infrequently
at a low power holding condition, mentioned above.

Downstream of the junction of interstage and compressor discharge
bleed ducts is a regulator/shutoff valve. This valve limits the maximum
pressure to which the bleed system is normally exposed It also provides
a way of shutting off interstage bleed.

Dowvnstream of this valve is an "“overpressure valve” which is essen-
tially a backup pressure regulator, set to regulate to a somewhat higher
pressure than the primary regulator. Existence of a higher-than—normal
pressure in the system provides a warning in case the primary regulator
malfunctions. The presence of this backup valve makes it possible to
design the downstream duct system for the overpressure valve setting,
rather than maximum bleed pressure, thus reducing bleed system weight.

A heat exchanger is located downstream of the overpressure valve. It
functions as a precoocler to limit the temperature of the bleed air delivered
into the aircraft te a maximum of 232.2° C (450° F), for reasons of fire
safety, and to limit the adverse impact on the strength of affected struc-
ture, in case of a bleed duct rupture. The cooling medium is fan discharge
air supplied from a scoop in the side of the pylon. The flow rate of the
cooling medium is controlled by means of an automatic flow modulation and
shutoff valve that economizes on the use of fan air.



The precooler imstallation is shown in phan%om in Figure 17. The
bleed system valves are all located in the nacelle. This installation
concept represents a significant departure from the QCSEE experimental
engine configuration which features concentric interstage/CDP bleed
ports.

4,2,17 Inlet Ice Protection

The engine inlet ice protection concept envisions a compressor dis-
charge bleed port dedicated to engine ice protection exclusively. This
system is isolated from the rest of the air bleed system. The concept
provides maximum 51mp11c1ty and reliability for this vital system. (See
Figure 27).

The configuration of the inlet leading edge section is shown in
Figure 28. The distribution manifold is comstructed of Inconel, the
bulkheads compartment are titanium and the other components 1nclud1ng the
lip are 2219 aluminum alloy.

The concept provides maximum ice protection capability by heating
the entire water droplet impingement area. The hot airflow is controlled
by a pressure regulator and shutoff valve discharging through a fixed-
resistance distribution system.

Design features contributing to low manufacturing cost and long life
are as follows:

. No temperature-sensitive composites are used in the heated area.

* The distribution manifold, which is the only element in Figure
28 carrying appreciable pressure, is of homogeneous, tubular
construction, (much superior to the built-up "D" sections commonly
used on earlier aireraft).

* Double~skin passages begin well aft of the léading edge, where

the compound curvature is relatively mild, and where attachment
does not pose a significant concern.

4,2,18 Maintainability Access Provisions

The access provisions available for maintenance .and inspection of
engine and accessories are shown in Figures 29, 30, and 31.

Item 1 on Figure 29. These are-the fan duct and core cowl doors
hinged to the pylon and capable of opening wide, as shown in Figure 30
to fully expose the core engine, This provides ready access to borescope
ports, variable inlet guide vane and stator mechanism, fan pitch change
drive, engine mounts, the air bleed system valves and ducts, fuel manifold,

1
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- Figure 28, Engine Inlet Ice Protection,
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ignitors, lube oil scavenge pump, gas path thermocouples, fan nozzle
actuators, etec.

.Item 2. 1Inlet duct with removable leading edge section that accommo-
dates easy access for inspection and repair of ice protection system com-
ponents and of distress resulting from strikes on the leading edge by such
objects as birds, hail, stones, airplane hardware items, and tire parts
encountered on airport runways.

Items- 3 and 4. These are hinged petal panels comprising part of the
pylon upper fairing. The front section, Item 3, consists of a pair of
fairing halves split along top centerline and joined to Item 4 with hinges
so that two halves can bé swung open and back against Item 4 to expose
the QCSEE accessories group. The concept is depicted in Figure 31.

This provides access for maintenance and inspection actions to tlie
fiel pump and control, the digital contwol, the lube o0il tank, fuel and
lube oil filters, the lube pump, the variable-geometry hydraulic pump, the
accessory power takeoff drive pad, fuel supply connection, throttle linkage,
etc. The rear section (Item 4) is arranged so that it can be translated
reatward (carrying the hinged fairing halves along) as necessary to gain
access to the airplane accessories pack (60KVA IDG, variable-displacement
hydraullc pump, air turbine starter, starter control valve, hydraulic oil
filter module, accessory gearbox, and related fuel/oil cooler) and the
air bleed system components including the precooler located within the.
pylon box section. This concept permits operating the engines with the
accessories section open for purposes of leak checking and making adjust-
ments without need to detach fairings from the airplane or having parts
overhanging the inlet, thus minimizing the risk of damage to the fairings
or. the engine.

Ttems 5 and 6. These are hinged inset doors that permit access for
such functions as servicing the lube o0il -tank, and manually operating the
starter and inlet leading edge ice protection control valves.

4,2.19 Maintenance Workstand Concepts

The high-wing arrangement needed with the EBF—powered 1lift system
results in the engines being located high above the ground. This makes it
necessary to use workstands in performing on wing propulsion system main-
tenance.

Figures 32 and 33 show the concept of a two-level workstand addressed
to performing heavy maintenance at the operator's main base. The stand
is arranged to accommodate work going on simultaneously in the accessories
area at the top of the pod and pylon beam and also in the core engihe
zone. The lower level extends far enough beyond the extremities of the
QCSEE pod to permit access to the inlet via a stepladder for tasks such
as inspecting the fan, replacing fan blades, servicing the fan pitch control



mechanism, etc; and, also, to the turbine exhaust duct for related inspec-
ting and maintaining actions.

The upper level platforms are arranged to accommodate access to both
sides of the accessories on the fan frame and pylon beam. The platforms
inside the workstand columms are hinged to enable them to be moved clear
of the space below the engine to permit lowering the QCSEE to a transport
dolly and holsting the replacement engine to position on the pylon beam.
The end of the workstand facing the rear of the airplane is free of .
cross—-bracing to enable the engine transport dolly to be spotted below the
pylon., Figures 34 and 35 show how the kinds of portable workstands cur—
rently used to service airliners could be employed to perform light main-
tenance and for such ramp activities as inspecting the inlet duct and.fan,
servicing the oil tank, inspecting fuel and oil filters, etc. These stands
feature work platforms that can be adjusted to convenient working height
with built-in, hand-pumped, hydraulic systems.

4,3 NACELLE AERODYNAMICS

4.3.1 Inlet Operating Conditions

The QCSEE inlet was designed for a throat Mach Number of 0.79 and to
operate at high angles of attack with sufficiently low engine-—face distor-
tion so that adverse engine operation would not occur. An alternate method
of meeting the QCSEE aerodynamic and acoustic requirements was investi-—
gated, see Appendix D.

The relztively high one-dimensional inlet throat Mach number was
selected to achieve forward-radiating fan noise attenuation, as discussed
in Section 6 on Flight System Acoustics, but not too high, to provide
sufficient margin from the inlet choking point for high internal perfor-
mance, considering transient engine operational requirements, engine con-
trol tolerances, throat corrected flow variations due to aircraft opera-
tional effects, and inlet manufacturing tolerances. The high angles of
attack resulted from anticipated STOL airplane angle-of-attack and cross-
wind conditions. The angle-of-attack condition defined by NASA requires
satisfactory engine operation to 50 degrees at 41.2 m/sec (80 knots) air
speed approaching the inlet (M, = 0.12). The NASA~defined crosswind
requirement was for satisfactory engine operation with 18.0 m/sec {35 knots)
wind speed from the side of the inlet (B = 90 degrees). To verify these
requirements, maximum STOL' airplane inlet angles of attack were estimated
using the characteristics of the Douglas YC-15 airplane powered by four
QCSEE engines. The calculations were made for conditions corresponding
to unaccelerated airplane flight at meximum 1lift coefficient for a range
of power settings and flap settings. TFor a commercial STOL airplane,
flight at these conditions would be accomplished during tests to determine
the minimum airplane speeds to be used in service. The Douglas EVD Pro-
gram (Reference 5) was used to estimate velocity vectors ahead of the wind
at the inlet station. The inlet angle of attack was defined as the angular
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difference between the inlet centerline and the inlet approach velocity

vector.

of the approach velocity vector and the local speed of sound.
velocity vector was calculated at the point where the inlet centerline

intersected the inlet leading edge plane.
power effects were simulated in the EVD program calculation.
and nacelle geometry were not simulated.

as for an isolated inlet test.

The inlet approach Mach number was calculated from the magnitude
The approach

The fuselage, wind, flap, and
The inlet

By not simulating the inlet and
the nacelle geometry, the inlet angle of attack and approach Mach number
were defined in the same manner with the inlet installed on the airplane

(For an isolated inlet test, the inlet

angle of attack is defined as the angular difference between the inlet
centerline and the test section velocity vector without the inlet

installed.

test section without the inlet installed.)

Similarly, the approach Mach number that would exist in the

The final values of inlet angle of attack were determined by adding

13 degrees to the calculated value.

from DC-10 minimum-flight~speed tests.
that was encountered during any of the tests exceeded the calculated inlet
The results of the

angle of attack corresponding to CLp,, by this value.

The 13-degree increment was derived

The maximum inlet angle of attack

angle—of-attack calculations are shown in Table XV.

Table XV. Inlet Angle of Attack.
Mach No. Inlet Angle of Attaék
Airplane Configuration Power Approaching Calculated
Flap Position | Slat Position | Setting Inlet Calculated | Plus 13°
Takeoff 0.12 38° 51°
Landing Full )
Extension Approach 0.14 32° . 45°
Takeoff 0.14 32° 45°
Takeoff Partial
Extension Approach 0.16 28° 41°
Retracted Partial Takeoff 0.18 31° 44°
(Used for Extension
takeoff or Approach 0.19 29° 42°
prior to
flaps down
approach)
NASA QCSEE Requirement - Any 0.12 50°

The table indicates the inlet conditions at the maximum estimate
angle—-of-attack condition are practically the same as the NASA QCSEE
requirenient (51° at M, = 0.12 compared to 50° at M, = 0.12).
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. The most adverse inlet operating condition shown in Table XV #s:.
the flaps-retracted/slats—exténded case with inlet angle of attack of
4%4° and approach. Mach number of 0.18. This is shown by Figures 36 through
38 where the tabulated inlet operating conditions are compared with lines.
of inlet leading-edge-boundary-layer separation or high values of total-
pressure distortiom at the end of the inlet. The separation or high
distortion conditions were estimated from Douglas YC-~15 inlet model data.
The solid lines in Figures 36 through 38 were estimated from the data and
the dashed lines represent extrapolation of the data. TFor an inlet with
internal lip-thickness radius ratio of Ry;/R; = 1.22, higher distortion
would be expected at-takeoff power at o = 44° with My = 0.18 (stall with
flaps retracted) than at takeoff power at a = 50° with M, = 0.12 (stall
with full flaps or NASA QCSEE requirement), or at o = 45°, M, = 0.14
(stall with partial flap extensions). The reason is that the beneficial
effect of the lower angle of attack is offset by the adverse effect of
increased Mach number approaching the inlet.

4.3,2 Configurations for 30.5 em (12-Inch) Model Tests.

The aerodynamic performance of four axisymmetric inlet models with
various leading-edge shapes was measured in the Lewis 2.7 x 4.6 m (9 x
15 ft) wind tunnel at angle—of~attack and crosswind conditions. The model .
geometries are summarized in Table XVI. Results of the test program are

_gummatrized in Reference 6.
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Table XVI. Model Test, Inlet Data,

Iiternal Lip i External Cowl " Diffuser
RHL/Ri Shape Ruy,/Rpax X/Dmax Shape | L/D (x/L) ®max Bmax eeg
1.17 0.905 | 0.20 DAC-1

1.2 | 54 0.905 1} 0.20  } DAC-1 | 4 831 0,50 8.7° | 6.4°
1.21 | etHiPse | g 935 | 0,18 NACA-1

1:25 0.905 0.20 DAC-1

The diameter of the inlet duct at the simulated engine face was
30.5 cm (12 inches) which correspond to 16.9 percent of the full-scale
inlet size.

The inlet lip geometries that were tested were selected after review
of NASA, -GE, and Douglas available inlet data. The internal lip thick-
nesses tested corresponded to thickness ratios of RHL/Ri = 1,17, 1.21,
and 1.25. The internal 1lip shape was a 2:1 ellipse. Based on the avail-
able Douglas data, this range of lip thicknesses was sufficient to iInclude
that which would result in good inlet performance at angle-of-attack and
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crosswind conditions. Figures 36-38 show that for good angle-of-attack
performance at takeoff power at a = 50°, My, = 0.12 (NASA QCSEE require-
ment) or = 44°, My = 0.18 (most adverse angle-of-attack condition) a
lip-thickness ratic of about 1.20 to 1.23 would be required. Figure 39,
summary of Douglas crosswind data, for Ryy/Rj = 1.16, shows that a lip-
thickness ratio greater than RHy /Ry = 1.16 would be required for good
crosswind performance at takeoff power at the NASA QCSEE crosswind require-
ment of 18.0 m/sec (35 knots).

Two cowl-forebody geometries were tested with an internal 1lip thick-
ness ratio of 1.21. One geometry had a relatively blunt nose shape and
was defined by Douglas 1 (DAC-1) nondimensional cowl-shape coordinates, a
cowl radius ratio of Ryj/Rypayx = 0.905, and a cowl-length ratio of X/Dpax
= 0.20. This geometry was also tested with internal-lip radius ratios of
1.17 and 1.25. The other geometry had a sharper nose shape defined by
NACA-1 nondimensional cowlhshape coordinates, a cowl radius of RHL/Rmax
= 0.935 and a cowl length ratio of X/Dpgx = 0.18.

Two external-cowl geometries were tested to investigate the possi-
bility that the internal flow might be significantly affected by the ex-
ternal-cowl shape at high angle-of-attack conditions. Figure 40 shows
the results of potential~flow calculations for the internal-flow pressure-
coefficient distribution for an inlet with two external lip shapes, at
angle of attach conditions corresponding to o = 50°, My = 0,12, takeoff
power, For the sharper shape, there was a significaht high velocity peak
in the internal flow, just outside of the inlet leading edge. This high
velocity peak could adversely affect the internal inlet performance. .
This peak was reduced by a blunter external cowl shape as shown in Figure
40, The blunter shape of Figure 40 was approximately equivalent to the
blunter shape of the 30.5 cm (12-inch) models.

One diffuser shape was used for all four inlet models. The diffuser
length-to-diameter ratio of L/D = 0,83 was sufficient for the required ,
amoumt of full-scale~inlet acoustic treatment and also resulted in low
aerodynamic-performance risk based on NASA theoretical studies (Reference
6) and comparison with Douglas subsonic transport diffuser geometries.
The diffuser inflection point at x/L = 0.5 was hbased on NASA theoretical
studies (Reference 6).

4.3.3 Internal-Lip Design

Based on the 30.5 em (I2-inch) model test results, summarized in
Reference 6, the smallest internal lip that had the required angle-of-
attack and crosswind capability was the Rgy/Ri = 1.21 lip (inlet number
2), This lip thickness was required for relatively low values of steady-
state distortion [Prp.y - PTmax/PTavg < 0.10] for any value of airflow at
the NASA angle-of-attack and crosswind requirements, This is shown by
Figure 41 and 42. The lowest 1lip thickness tested, with Rgy /Ry = 1.17,
showed significantly higher distortion. Use of the larger lip thickness
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of Rgp /Ry = 1.25 would not have resulted in significantly better performance
at high angle of attack conditions, but would have resulted in a larger
external cowl maximum radius and therefore was not selected.

Figure 43 shows that for the most adverse YC-15 airplane stall condi-
tion, the steady-state distortion is higher than for the stated angle-of-
attack and crosswind requirements. GE examined both the steady-state and
dynamic distortion data for this operating condition and indicated accep-
table engine operation, especially considering that this condition would
exist only during demonstration flight tests and would not be an opera-
tional requirement.

4.3.4 External Cowl Design

The external cowl with the sharpest nose shape showed significantly
higher distortion levels than did the configuraticn with the blunterx- shapé
(Figure 41). Therefore the external-cowl nose shape was made consistent
with that used for the wind-tunnel tests. The variation of cowl-length
ratio with radius ratio for DAC-1 cowl shapes for approximately constant
cowl nose curvature is shown in Figure 44. Also shown in Figuré 44 is the
external cowl desfgn point of Ryy/Rpax = 0.90, X/Dpay = 0.22, With the
inlet area sized for 0,79 inlet throat Mach number at static takeoff-
power conditions and intemmal lip-thickness ratio of RHL/Ri =1.21, an
external cowl radius ratio of Rgp/Rpax = 0.90 resulted from an Rpax =
100.% cm (39.4 in.). This value of Rmax was the lowest possible as set by
the engine cowling size requirements and therefore resulted in the minimum
inlet weight. Inlet and cowl lines for the design described above are
shown in Figure 45.

The external cowl drag characteristics at cruise conditions are shown
in Figure 46. The design-~point cowl had a2 small amount of shock drag at
cruise that could be eliminated by increasing Rya.y., This was not done
however, since the potential drag reduction would only be about 0.3 per—
cent of airplane drag, equivalent to about 0.05 percent reduction in air-
plane direct operating costs. Also, some of this potential drag reduction
would be offset by increased inlet weight resulting from the larger size.
Extemal cowl drag was estimated from Douglas tests of isolated cowlings
in the Calspan wind tunnel where the drag was determined from wake survey
measurements, :

Proper design of the external cowl shape was necessary for the preven-
tion of boundary-layer separation from the leading edge of the top part of
the nacelle during engine-out takeoff climb. The relatively low mass-—-flow
ratio for the windmilling engine combined with the inlet angle of attack
at climb cause the cowl of the windmilling engine to be the most critical.
Separation~free flow results in lower airplane drag during climb, higher
climb gradient and, therefore, less distance between the 1ift-off point
and the 10.7 m (35-foot) obstacle height. The engine-out takeoff field
length (defined as ground run distance plus air distance to the obstacle)
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is therefore reduced if separation does not occur. Figure 47 shows
estimated separation conditions compared to QCSEE operating conditions
during engine-out climb. The QCSEE cowl should have attached flow at
these conditions. Separation conditions were estimated by calculation of
the potential-flow peak-pressure coefficient corresponding to cowl separa-
tion during Douglas DC-10 stall tests and the approximatiom that: this
critical value of peak pressure coefficient was independent of the cowl

shape and inlet .mass-flow ratio.

4,3.5 Nacelle Drag Estimates

Nacelle drag estimates were made so that airplane performance calcula-
tions would include all installation effects and also, to compare the
iristalled performance of a nacelle with accessories mounted beneath the
énginé in the fan cowl with the drag of the baseline nacelle with the

accessories mounted.in the pylon.

The drag of all parts of the nacelle affected by the engine airflow
was calculated by GE. Douglas calculated the external'drag of the fan
cowl and the drag of the part of the pylon that was scrubbed by the free-
tream air. GE accounted for almost all of the pylon scrubbed by the
engine airflow, but the Douglas-recommended pylon configuration-had
slightly moré wetted area in the fan stream than did the GE pylon and
Douglas .accounted for this increment.

The fan-cowl drag was calculated as

-(0/q.) = (Re,S.)

fan cowl fan cowl

(1.29) (.00239) (23.8 m%)

0.073 m2 {(0.79 ftz) per engine

S, is the fan cowl wetted area. Cg is the average skin-friction
coefficient on the fan cowl determined from Reference 8 at cruise condi-
tions of Mw = 0.7 and 9450 m (31,000 £t) altitude. 1In Reference 8,
average skin-friction coefficients have been determined for various
amounts of surface roughness. The drag of small surface imperfections on
the fan cowl was taken into account by assuming an equivalent sand-grain
roughness of 0.0024 cm (0.00095 inch) which is representative of current
technology jet transports,

The form factor, K, was determined as a function of the equivalent
length-to-diameter ratio for the nacelle.

_ total nacelle length + inlet high-light diameter
equivalent diameter

@m,
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The total nacelle length was the length from the inlet leading edge
to the trailing edge of the core-nozzle plug. The equivalent diameter
was based on the area difference between the maximum frontal area of the
nacelle and average of the total engine exit area and the. freestream area
of the airflow that entered the inlet, or ‘

q1/2
LT 12 (gt Am):l

m

A
. . a
equivalent diameter = 2 [

The variation of K with (L/D),, was determined from full-scale and
model-scale drag data for nacelles and various axisymmetric closed bodies.

The pylon drag was calculated as

{(Ke .S )

(D/qw)pylon f w pylon

(1.05) (0.00252) (9.4 m2)

0.025 m> (0.27 f£2)

The average skin-friction ccefficient was determined from Reference
8 as described above., The pylon form factor was deétermined from Reference
9 using form factors for swept wings.

The incremental pylon drag for the part of the pylon scrubbed in
fan-jet flow was

(4D/qp) 85 )

pylon £ pylon
= (0.00255) (0.79 %)
= 0,002 m2 (0.022 ft2) per engine.
(AD/qw)pylon =_0.022 aF/qoo = (.0037 m? (0.04 ftz) per eungiue

at cruise conditions

4,3.6 Nacelle Placement

Figure 48 shows the nacelle position for the QCSEE~powered airplane.
The engine axis was made parallel to the wing reference plane. The fan-
cowl trailing edge was located forward of the wing leading edge by 20
percent of -the wing chord at the inboard engine section., The nacelle was
located below the wing so that the outer edge of the engine jet did not
hit on the drooped leading edge of the wing but did graze on the wing
lower surface ahead of the flap.
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In defining this engine location both low-speed and cruise perfor-
fmance considerations were taken into accoumt, and the nozzle area at
approach was assumed to be only slightly greater than the takeoff value.’
During the low-speed operation the flap system considerably influenced

. the engine position required for good engine exhaust turning character-

istics and for high levels of powered lift. The DAC-developed STOL two-
segment flap system used on the QCSEE configuration provided for signifi-
cant downward f£lap displacement upon flap deflection. This enabled the
flap system to effectively engage the exhaust flow of the high~bypass-
ratio QCSEE engine without having to tilt the engine up toward the flap -
system, Extensive DAC static— and low—speed STOL wind tunnel testing
utilizing ejector engine simulators has been conducted to investigate
the aerodynamic effect of engine position relative to the wing and DAC
two-segment flap (Reference 10 through 12}. These tests were performed
for both takeoff and landing flap settings and showed that good aerodynamic
performance could be achieved without tilting the engine tailpipe up
toward the flap system.

Upward tilt of the engine or nozzle would result in cruise performance
penalties as shown by Figure 49. The estimated best alignment for the
engine axis at cruise conditions was Q to 1 degree (engine tailpipe down)
with respect to the wing or fuselage reference plane. The thrust and
drag increments shown in Figure 49 "include wing induced drag changes, wing
compressibility drag changes, thrust loss due to exhaust jet inclination,
nacelle—induced drag, and cowl forebody compressibility drag. Wing-induced
drag and compressibility drag changes resulted from changes in the wing

- 1ift coefficient required to offset changes in lift due to tilting of the
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englne thrust axis with respect to the freestream velocity vector, for
cruise flight at constant total 1ift coefficient. The thrust loss due to
exhaust jet inclination was estimated as

Py
F.

=i

[1 - cos (aF + 8)]

where AFy is decrement of net thrust due to tilt. These increments were
zero for 6 = —op since this engine—axis alignment would make the exhaust
stream parallel to the freestream wvelocity vapor.

The nacelle—induced drag and cowl compressibility drag resulted from
the nacelle not being aligned with the local flow. These increments were

estimated to be zero at zero inlet angle of attack (8 = —a). The cowl

compressibility drag, estimated to be about 0.25 percent of cruise net
thrust at 6 - 0 degree could be eliminated by bending the inlet down by
1.8 degrees with respect to the engine centerline to align the inlet with
the local flow.
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Thé vertical engine location for achieving good zero-tilt low-speed
performance required that the fan flow miss the deflected leading-edge
.device and graze the wing lower surface ahead of the first flap'silot. This
ensiured that high-energy engine air entered the slot which resulted in
efficient flow turning and good powered-lift characteristies, At cruise
conditions, this engine position was estimated to have no adverse inter-
ference effects on the wing lower-surface flow. This estimate was based on
Douglas YC-15 model tests where wing lower-surface static-pressure distri-
butions were measured with and without the presence of an engine jet. No
indication of large decreases in local pressures on the wing was noted.
Increased skin~friction drag on the wing lower surface was estimated to
be small since the size of the engime jet at cruise.conditions was smaller
than for low-speed operation and jet impingement would not occur at cruise

" conditions (Figure 48).

Wind-tunnel data also indicated that for high-bypass ratio engines
(large fan diameter relative to wing chord) maximum lift was sensitive
to fore and aft engine location. The fan exit should be about 20 percent
of wing chord in front of the leading edge in order to minimize detrimental
fan-flow/leading—edge interference on maximum lift. Cruise considerations
also favored the 20-percent wing-chord forward position since this posi-
tion was far enough forward to result in insignificant wing/nacelle inter-
ference drag penalties.

4.3.7 Aerodynamic Loads on Inlet Cowl

The aerodynamic loads analysis consisted of definition of the design
criteria and attendant QCSEE inlet cowl loads for use in the strength
analysis of thé inlet-to-engine-frame interface..

The Douglas YC-15 aerodynamic characteristics, flight envelope, and
maximum design speed were used to establish the design criteria and result-
ing loads conditions for analysis. The YC-15 maximum flight design speed
and maneuvéring envelope at a design gross weight of 68040 kg (150,000 1bs)
are presented for reference as Figures 50 and 51, respectively.: As a
result of that definition the six flight conditions and two takeoff condi-
tions were selected for structural analyses as shown in Table XVII.

A summary of the estimated aerodynamic loads on the inlet cowl of the

* NASA QCSEE type engine for the specified design conditions is presented in
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Table XViII' .

The inlet-cowl loads are based on estimated pressure distributions
on an axisymmetric body, obtained by using the streamflow, static, and
crossflow potential-flow solutions. The component potential flow are com— -
bined to satisfy the onset-flow angles, and the inlet mass flow and pres-—
sures are computed at 30-~degree radials around the cowl. At each radial,
summary of the force and moment functions is made from which the net radial
forces and moments are found by summing the component radial values.
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. Table XVII,

Maximum Inlet Load Conditions.

Flight Altitude KnZiEOCJty oF BF ng Ny p
Cage | Condition M, kft | km (Des) | m/sec | (Deg) | (Deg) (g) (g) (Deg/sec)
1 Abrupt Roll ' 0,751 | 18 5.5 350 180 0.8 |-3.9 2.4 2,45 85.6
2 Max. Speed 0.605 | 8L SL 400 206 0 0 1.0 4] o
3 3 g Pull-Up 0.605 | 8L SL 400 206 5,9 0 3.0 0 0
@ Max., g
4 3 g 8tall 0.40 SL SL 265 136 12.5 0 3.0 0 0
5 -1l g @ Max,qg | 0,528 | 8L |SL 350 180 | ~3.9 0 ~-1.0 0
6 Max. By 0.559 | SL SL 370 190 0.5 6 1.0 [-1.2
7 Takeoff 0 SL SL 0 0 0 0 —— -— o
Thrust .
35 knot
Crosswind
aF = angle of attack of FRP
BF = angle of sideslip of FRP (positive airplane nose left)
My, = freestream Mach number
P = rate of roll
Nz = load factor, perpendicular to FRP, positive up
ny = lateral load factor, perpendicular to plane of symmetry, positive

our right wing
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Table XVIIIX.

Estimated Inlet Load .

Conditions.

Aledltude

Freestream Engine Inlet i
km ! aF By Power ae | Bg Forces N (Lbs) Moments, cmN {In-Lbs) :
| Case (Ft) (9 (Deg) | (Deg) { Setting| My (Deg) | (Deg) Fy Fy Fy M, M,
5.5 v -6254 13804 3029 172608 1928221 |
1 (1810) o o0.731 0.8 -3.9 HCT 0.789 1.5 -3.9 (-1406) (3103.5) (681) (15,275) (170,639)
) ~605 -765 -408145 '
2 S.L. 0.605 0 o MCT 0.789 0.4 0 (-136) 0 (-172) {-~36,119) 0
~3990 36767 5216204
3 5.L. 0.605 5.9 0 MCT 0.789 9.0 0 (-897) 0 {8266) (461,611) 0
-5129 37119 6277014
4 S.L. 0.40 12.5 0 MCT 0.789 18.4 0 (-1153) 0 (8345) (555,488) 0
979 ~18504 -30879%6
5 S.L. 0.528 ~3.9 0 MCT 0.789 -4.9 0 (220) 0 (=4160) (=273,274) 0
=302 -22578 2438 127961 - =3451099
6 S.L. 0.559 0.5 6.0 MCT 0.789 1.2 6.0 (-68) (-5076) (548) (11,324) | (-305,407)
. -24064 632 114096
7 5.L. [¢] 0 o] TO 0.789 0 o (=5410) v} (142) (10,0973 0
‘ -34227 -6774 418 123419 -~1818656
8 S.L. 0.053 0 90 o 0.789 0 90 (~7695) (-1523) (94} (10,922) | (-160,943)
Note: Forces and moments based on amblent pressures
Bulkhead forces and moments not included in above table
$
&
@0
g
>
WY



The nacelle inlet axis orientation, sign convention of forces and
moments, and cowl reference data are presented on Figure 52.

4.4 THRUST SETTINGS

4.4,1 Ground Idle Thrust

The selection of ground idle thrust level is based on a tradeoff
between requirements for taxi thrust levels and exhaust emissions standards.
A low ground idle thrust minimizes brake wear, reduces pilot work-load
during ground handling, and reduces landing stopping distances. On the
other hand, exhaust emission standards are hard to meet at low thrust set-
tings due to poor combustion efficiency. Figure 53 compares the aircraft
static thrust-to-weight ratio with ground idle thrust for the QCSEE air-
craft with the DC-9 and DC-10. Thrust-to-weight ratios are shown for a -
weight range from the operators—empty-weight to maximum takeoff gross

weight. The DC-9-30 and DC-10-30 are considered to have satisfactory

" idle~thrust levels from the ground-handling point of view. On QCSEE, a
ground idle thrust level equal to 4-1/2 percent of the static takeoff
thrust would ease the emissions problem and still provide a marageable
amount of idle thrust.

44,2 Reverse Thrust

Although the use of reverse thrust may not be considered in deter-
mining landing field length, it is required for landing on icy runways or
in the event of brake failure. Figure 54 shows distance to stop from
touchdown plotted as a function of reversing effectiveness for a landing
without brakes. Reverse thrust is assumed to be effective from 1 second,
after touchdown down to a speed of 5.1 m/sec (10 knots). TFor a9l4.4 m
(3000 ft) runway, approximately 121.9 m (400 ft) are consumed during the
flare maneuver leaving 792.5 m (2600 ft) of runway to bring the aircraft
to a stop. A thrust reverser effectiveness of 0.3 to 0.4 is required to
prevent an overshoot. Accuracy in estimating stopping distances is llmlted
by the uncertainty in airplane 1lift and drag in ground effect with reverse
thrust. A design requirement for 35 percent reverses effectiveness should
not be relaxed until data become available for more accurate calculations.
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ra *Inlet Cowl Angle of Attack, a

L.eft-Hand Inlet Cowl

The body is a left-hand inlet cowl. The origin of coordinates is taken on the
cowl centérline at the plane of the cowl leading edge. Positive forces
correspond to positive coordinate directions. Moments are computed about the
Y and Z axes as translated a distance XMC to the bulkhead station. Angles,
forces, and moments are positive as shown. The inlet cowl angles 0. and B,

are determined by applying local-flow and orientation corrections to ap and Bgp

Iniet Cowl Reference Data

Inlet Area = 1,77 mz (19,03 sg ft)

Bulkhead Station @ 1.8 m (71.06 in.) Aft of
Cowl Leading Edge

Figure 52, Axis Orientation and Sign Convention,
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5.0 NACELLE COMPONENTS AND SYSTEMS

5.1 UTW FLIGHT PROPULSION SYSTEM

The "flight" under-the-wing propulsion system installation is shown in
the Douglas scope drawing, Figure 17, and the preliminary outline/installa-
tion drawing. Figure 55. The major nacelle components consist of the
inlet, including the extension of the accessory cover at the top; the fan
cowl assembly (right and left halves), which includes the flare nozzle and
actuation system; the core cowl; and the core exhaust nozzle and plug. All
components are axisymmetric and have acoustic treatment as an integral part.
of the structural walls. The nacelle maximum diameter is 200.2 cm (78.8 in)
-with an overall length from the inlet '"highlight'" to the tip of the core
exhaust nozzle (engine station 304.3) of 535 cm (210.7 in.) and 414 cm. ~
(163.0 in.) from the inlet to the fan exhaust plane (engine station 256.5).

The under-the-wing propulsion system installation on the high-wing,
short~haul aircraft (see Figure 9) results in a height to the bottom of the
nacelle of approximately 3.0 m (10 ft). To reach engine accessories, a..:.
maintenance stand is required whether the accessory compartment is on the
top or bottom of the engine. This fact in addition to several significant
advantages, presented below, in combination with the integrated nacelle con-—
cept lead to the selection of the top-mounted accessory gearbox.

Shortens configuration hardware (tubes, ducts, cables, wires,
etc,) - with top accessories there is the minimum distance from
the engine to the engine accessories and them on to the aircraft
interconnect points.

Eliminates need for fan casing mounted installation hardware — on
the DC-10/CF6, typical under-the-wing installatiomn, all pipes,
wires and cables are routed around the fan case to the bottom-
mounted accessories resulting in brackets, additional connectlons,
and other casing-mounted hardware. .

Integrated engine/nacelle structure - The high Mach inlet throat
reduces required throat area, resulting in a smaller inlet diame-
ter. 1Inlet throat to highlight diameter ratio required for good
crosswind flow capability and highlight to maximum diameter ratio
consistent with aircraft Mach number requirements permits nacelle
thickness and nacelle maximum diameter to be kept to a minimum.

Eliminates fan cowl over fan casing - The above changes permit
integration of the fan cowl, a nacelle component, into the engine
structure. One less nacelle component saves cost and weight,
This also permits thinner nacelle walls - approximately 10.2 cm
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(& in.) compared to 25.4 cm (10 in.) at the .top and sides and 50.8
cm (20 in.) thickness. at the bottom of the nacelle on the DC-10/
CF6 installatiom.

& Eliminates bottom pylon - With no bottom accessories, no bottom
p¥lon is required. Both top and bottom accessory, under=the-wing
instdllations require a top pylon.

& Reduced "projected" frontal area - The top accessory cover fits'
in the silhouette of the aircraft pylon and eliminates the bottom
nacelle bulge, typical for systems with accessories mounted under

the engine.

Thé propulsion system aerodynamic flowpath is showm in Figure 56.
The cross-hatched sections indicate the acoustically treated areas. HNo fdn .
éxhdust splitter or core nozzle wall treatment for noise suppression is
tequired to meet the acoustic objective of 95 EPNdB with the baseline air=
craft for a 914.4 m (3000 ft) field length. Other features shown in Figure
56 are the airctaft pylon cover extended forward to form an aérodynamic-
shaped hou31ng for the engine gearbox and accessorles, the sepatrately
fiounted aircraft gearbox dnd its accessories; digital control; lube oil
¢ooling ard oil tailk; and the inlet anti-icing systen. Also irdicated is
the variable atea flare nozzlé shown in the cruise (minimum area), takeoff .
dnd reverse thrust positions. With the variable-pitch fan blade the flare
nézzle becomes the system inlet for reverse thrust operation.

5.2 REQUIREMENTS

) The flight prépulsion system for the quiet, clean, short-haul. aircrdft
will be designed to meet the ailrcraft requirements shown in Section 3.1 and
in addition meet the following engine system requirements.

5.2.1 Noise

95 EPNdB - 152.4 m (500 ft) sideline, during takeoff arnd approach,
100 PNAB - 152.4 m (500 ft) sideline, during maximum reversé thirust.

The above Gbjectives are based on a four—engined hOO,jZG N (90,000 1b)
SLS thrust aircraft.

5.2.2 0il Consumpticn

0.9 kg/hr (2 1b/hr) maximum.

5:2:3 DumEing

No fluids shall be dumped under normal engine operation. Dumping may
occur in case of abnormal operation such as seal failure.
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5.2.4 life and Duty Cycle

The engines shall be designed for a2 useful life of 36,000 hours over a
15 year period, based on the typical 402Z2.3 km (250 mile) mission cycle shown
. 1n Table XIX. )

Cycle- 1ife shall be based on 48,000 mission cycles plus 1000 ground
checkout cycles to full power. An aborted takeoff rate of 0.1 per 1000
take offs and an aborted landing rate of 0.1 go—around per 1000 fllghts
should be assumed.

The above missions shall occur over the normal sea level and altitude
ambient temperature distributions shown in Figure 57 and 58. The engine
shall be capable of operation throughout the flight envelope’ shown in Figure
59, The corresponding Pt2-Tt2 envelope for a - 7.8° C (+18° F) day is pro-
vided in Figure 60. 1Inlet characteristics are shown in Figure 61 at various
flight Mach numbers for several inlet throat Mach numbers based on a total
fan flow of 405.5 kg/sec (894 1lb/sec). :

5,2.5 Flight Maneuvers

® The engine and its supports shall withstand without permanent
deformation the conditions specified on Figure 62 (MIL~-E-5007C
except for precession rates)., The calculated weight of the engine.
and engine-mounted nacelle components shall be inecreased by the
specified weight allowed for all engine-mounted accessories.

® The engine and its supports shall withstand without failuré static
loads equivalent to 1.5 times the flight limit specified above for
metal parts-and 3.0 times for composite parts,

® At maximum allowable engine speed, the engine shall withstand -
without permanent deformation a gyroscopic moment imposed by a
steady angular velocity of 1.0 radian per second.in yaw, combined
with a vertical load factor of + 1, for 15 seconds..

. The engine shall be ¢apable of withstanding loads caused by
seizure of either rotor with deceleration from maximum vpm to zero
rpm in one second. .

® Composite parts shall be capable of withstanding unbalance loads

caused by the loss of five adjacent composite fan blade airfoils
at rated rpm. Metal parts shall be capable of withstanding
unbalance loads caused by the loss of 2-1/2 adjacent composite fan
blade airfoils at rated rpm.

5.2,6 Flight Attitudes

The engine shall be capable of operating within the range of flight
attitudes shown in Figure 63.
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Table XIX,

Mission Cycle, Design.

Altitude . Time, .
Segment Km | Kft Mach No. % Thrust min % Time
Start 0" 0 0 0.5 1.1
Tdle-Taxi o - "o 0 3.1 6.9
Takeoff 0 0 0 1.22 2.7
Climb (1st Seg) 0 - 3,05 0 - 10 0,38 Max. Climb 5.0 11,1
(2nd Seg) 3.05 - 7.62 10 - 25 0.45 Max. Climb 5.0 11.1
Cruise 7.682 25 0.76 Max, Cruise 14.0 31.1
Descent 6.10 20 |' 0.6~ 0.3| F.I, 11.7 26.0
Approach 0,30 - 0 1L-0 0.12 65% Max. Fy 1.3 2.9
Reverse Thrust 0 0,12 - 0 Max. Rev 0.08 0.2
Idle-Taxi 0 0 3 - 20 3.1 6.9
45.0 | 100.0.]




Ambient Temperature, ® F

100 =20 o 20 40 60 80 100 126 140

90

80

70

60

50

40 ;

30

% No, of Takeoff Exceeding Specifiéd Temperature

20

10

244 255 267 278 289 300 311 322 333

Ambient Temperature, ® K

Figure 57, Takeoff, Temperature.

114



Percent of Time Average Deviation is Exceeded

100

80

60

40

20

Average Deviation from Standard Day,

*F

=20, =10 0 10 20 30 40
]
~11,1 -5,5 0 5.5 11.1 16,7 22,2

Average Deviation from Standard Day, ® C

Figure 58,

Flight, Tenmperature,

115



9TT

12,19
9,14
g
o
=
R
= 6,10
<
3.05

= 40000
Wihdmiliing Relight Envelope
(Without Starter Assist)
7
Cruise ﬁange
/
20000
Nominal Climb
Profile
I . .
| 10000
| .
]
[
|
. !
J— o oy . . PR e 0
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1,0

Mach Nuniber

Figure 59. Operating Envelope,

17 ‘epniiaTy



LTT

2

Engine Inlet Pressure, N/cm

Engine Inlet Temperature, ° R

420 440 460 480 500 520 540 560 580
20.69 36,0

13.79

10.34

6,920
6,21
5.52

4,83
4,34

3.45

2.76

2.07

1.38
0.690 S 1.0
933,3 244, 4 265 .5 266, 7 277.8 288, 9 300,0 311.1 329,92

Engine Inlet Temperature, ° K

Figure 60. Inlet, Temperature/Pressure Envelope.

grsd ~‘sanssead aTul Surduy



118

Throat ‘Mach Number

Corrected Fan Flow, 'kg/s

Ram Recovery

0.80

0.79

0.78

417,3

412,.8

408,2

403.7

399,2

394.6

1,00

0.99

0.98

0,97

!
Inlet Characteristics
A Throat
Mach No,
0.81
0,79
\ Q.75
Flight
Mach XNo,
D,75
2 2
AThroat =1, 7m” (18,7 £t7)
Flow Coefficient = 0,994
o
2
K-
Q
3 o
=0
o
0 &
a o
X
o al !
[
< A
0.2 0.4 0.6 0.8
Flight Mach Number
Figure 61, Inlet Characteristies.

220

910

900

820

880

870

%9s5/47 ‘mOTI usg peildedxon



1. Load factors and angular
Flight A velocities and acceler—
(0 to M Th £ Lo ations should be taken
© Max. thrus at or about the C.G, of
s 2 the engine, -
0 = %6 rad/sec ene
N = o 2. -Side load factors (S.IL.)
V= act to either side,
]- = - -
¢ 0 3. © and 9 are pitching
Fore velocity and acceleration,
. . 4, tll and 1,|i are yawing
8 = %1 rad/sec velocity and acceler—
or ation.
8.L. = 4.0} o iicable t :
ppiica © 5. Down loads occur during
Complete pull out P
Crosshatched *
Area
6 =0
S.L. = 1,5 1 - P
Applicable to ) Up
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‘10 Down L 4 (0 to Max. Nonaugmented
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Figure 62, Maneuver Loads, Design.
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L .
5.2.7 Main Engine Mounts

The rear mount reacts vertical, side, and torque loads in the plane
of the turbine frame; thrust, vertical, and side loads shall be reacted in
the plane of the fan frame. Mount locations and other mount system data
including unit maneuver load mount reactions are shown in Figure 64.

5.2.8 Moments of Inertia

The polar moment of inertia of the rotors is estimated to be:

UTW
: 2 2
Core 6.8 kg m (162 1b ft7)
Fan, fan shaft, and ring gear 23.8 kg m2 (566 1b ftz)
LP turbine, LP shaft, and sun gear 4.2 kg m2 (100 1b ftz)
Star gears and bearings 0.2 kg m2 (5 1b ftz)
Transverse moment 1561.3 kg m2 (37,050 1b ft2)

5.3 NACELLE - COMPOSITE COMPONENTS

The large amount of acoustically treated area required for noise reduc~
tion results in a relatively long nacelle which could become a very signifi-
cant portion of the total propulsion system weight. To keep weight to a
minimum, the conventional metal construction is replaced with a composite
nacelle with integrated acoustic treatment. The flight nacelle components
described in this section utilize these advanced composite materials, and
their associated design concepts and are based wholly or in part on the
designs developed for the UIW experimental engine.

The major portion of the nacelle, with exception of the core cowl, oper-
ates at very modest temperatures, less than 82.2° C (180° F), permitting use of
a wide variety of composite materials. The primary composite material
selected for these areas consists of a woven Kevlar 49 fabric impregnated
with an epoxy resin system. This material exhibits light weight, good
tensile strength, moderate stiffness, and excellent impact strength. Its
major drawback is its poor compressive strength, therefore, in areas requir-
ing higher compressive capabilities, woven glass cloth is substituted for
the Kevlar. Where this is necessary, the standard 7781 weave "E" glass is
used, impregnated with the same matrix system as the Kevlar,

For the core cowl, which must operate at elevated temperatures, a

graphite/polyimide system is used allowing long term operation at 287.8° C
(550° F). The honeycomb core material in the low temperature areas is
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Ly = 123.1 cm (48.5 in.)
Ly, = 85.8 cm (33.8 in.)
Ly = 17.4 em (6,8 in.)

Bl = 28°

- °
0y = 68
83 = 45°
9, = 30°

Ry = 43,2 em (17.0 in.)
R, = 46.2 em (18.2 1n.)
Thrust @ Mounts (Installed)

77,395 N, (17,400 1bs)
TR - TL.

6,

ot B8

Mount

Rear
Mount

Aft Looking Forward.

TR RF SF RR RL SR
Thrust 8700 - od - - -
1G Down - 3200 - 775 775 -
1G Side - - 3200 7300 7800 7275
1 Rad/scc “ i R
Pitch - 3715 1575 15375 | 4673
L Rad/yec. - | sms| - 2100 | zro0| -
Yaw
1 Rad/scc2 - 285 - 175 175 -
Pitch o
1 Rad/sec - - 285 350 350{ 375
Yaw
Blade OQul - 23,900 | 23,900 |24,325 { 24,325[19,900
NEWTONS
TR RF SE RR RL SR
Thrust 38,698 - - = - -
1G Down - 14,234 - 3447 3447 -
1G Side = - 14,234 | 34,694 | 34,694 | 32,359
1 Rad/sec
Pitch - - 16,791 { 20,350 | 20,350 {20,794
1 Rad/sec - || - 93aL| e3a1 | -
Yaw
1 Rad/sec2
Pitch 268 - 778 778 -
1 Rad/sec? j
Yaw - T 1268 1557 1557 1668
Blade Out - 106,307 |106,307 /108,198 |108,198 | 88,515

Figure 64, DMount Load Summary.



Hexcel's corrosion resistant 5052 aluminum core. ¥or the higher temperatures
in the core cowl, HRH 327 glass/polyimide core is used. The honeycomb core
in the acoustically treated panels is slotted to provide drainage.

The specific nacelle components utilizing composite materials are the
inlet, outer cowl doors, fan variable nozzle flaps, and the inner cowl
door. These are discussed individually below.

5.3.1 1Inlet

The UTW QCSEE inlet is the largest single piece of the overall nacelle
structure, being almost 177.8 cm (70 inches) long and nearly 200.7 em (79 inches)
in diameter, and has extensive acoustic treatment. In order to reduce the
weight of this large structure as much as possible it will be constructed
mainly of lightweight Kevlar/epoxy material and the acoustic treatment will
be incorporated as part of the permanent structure.

The inlet consists primarily of inner and outer honeycomb sandwich walls
separated and supported by circumferential stiffeners as shown in Figure 65.
The face sheets of these sandwiches are all made from Kevlar/epoxy. The
inner skin of the inner wall is perforated with hole configurations that
suit the acoustical requirements of the inlet. The inner wall thickness
(honeycomb depth) is also tailored to acoustical requirements. The outer
wall thickness is sized to provide adequate stiffness. Honeycomb material
is aluminum.

Aerodynamic loading of the inlet is far more significant than inertia
loading. The primary cause for this is the large transverse load .reaction
on the inlet as it turns the entering engine airflow during any flight con-
dition in which the direction of the free stream air is not parallel to the
inlet axis. 1In contrast, the lightweight structure of the inlet produces
relatively low inertia loads. The most severe aerodynamic loads occur during
a 3 g stall, sea level, at a flight Mach Number of 0.4, and maximum continu-
ous engine power, as shown in Table XX. For design analysis, the loads
resulting from this condition were combined with the most severe additive
inertia loads caused by dynamic landing. In addition, compressive hoop loads
were considered for the sea level static takeoff power operating condition.
The stress levels for these loads and this construction are shown in Table
XXI. These are based on each facing consisting of three plies of woven
Kevlar/epoxy material giving a total face sheet thickness of 0.084 cm (0.033
in.). Buckling allowables for this construction are shown in Table XXTI.
The sensitivity of this configuration to local loads is shown in Figure 66,
Stiffeners are segmented and are constructed of aluminum sheet with flanged
weight reduction cutouts and with composite (Kevlar) flanges to provide
bonded attachment to the walls., The stiffener flanges were designed to pre-
vent the bearing load between the stiffener flange and sandwich wall from
exceeding 248.2 N/em? (3560 pei). This resulted in a flange width of
1.55 em (0.61 inches). Using a 13,790 N/em2 (20,000 psi) flange bending
stress allowable results in a flange thickness of 0.178 cm (0.07 inches).
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Table XX, Inlet Design Loads.

Derived from DAC "Design - TO'" Criteria Aerodynamic
Loads from 3 g Stall Inertia Loads from Dynamic Stall

Predominating Load Source:
Aerodynamic Loads from 3 g Stall
(98% of Latch Loads)

Maximum Combined Loads

Bending 6,931,680 cm N (613,423 in.—1b)
Axial 8,358 N (1,879 1b)
Transverse 37,119 N (8,345 1b)
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Tablé XXI., InTet, Stress and Deflection.*
Load Stress ; '
Type Magnitude Direction Type Calculated Allowable F/S Deflection

Bending 6,931,680 N - Compression 1402 N/em? 6895 N/cm? 4.9 0.058 em

(613,423 in.1lb,) (2034 psi) (230,000 psi) (0,023 in.)
Axial 8,358 N Forward Tension 1583 N/cm? 48265 N/cm2 30.5 0.058 cm

{1,879 1b.) (2296 psi) (70,000 psi) {0,023 in.))
Transverse 37,119 N - Shear 403 N/cm? 6895 N/cm2 17.1 0.206 cm

(8,345 1b.) " (584 psi) (10,000 psi) (0.081 1m.)
Hoop 2.8 N/em2 Burst Tension ' 1834 N/cm? 48265 N/em? 26.3 -

(4 psi) (2660 psi) (70,000 psi)
(Max Range 5.9 N/eml Crush Compression- | 3897 N/em2 6895 W/cm? 1.8 -
Expected) (8.5 psi) (5652 psi) (10,000 psi)

*
. Aerodynamic loads from 3G stall (Mp = 0.4 at SL) combined with

inertia loads from dynamic landing.
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Table XXII,

Inlet, Buckling Loads,

Buckling from Bending

Critical Moment

Actual Max. Moment

Load Conditions cm N in-1b cm N in-1b /S
Moment on Quter Skins 455,667,000 40,329,928 6,930,700 613,423 65.7
Buekling from Compressive HRoop Load

Critical Pressure Actual Pregsure
Load Conditions ‘ W/ cm? psi N/cme psi /3
Pressure Supported by Single Sandwich Wall (2 skins) 153.8 223 3.9 8.5 26.2
Between Stiffeners 33.0 cm (13 in.) Apart :
Pressure Supported by Overall Wall Structure 275.1 399 3.9 8.5 46.9
Pressure Supported by Single Outer Aluminum Nose 351.0 509 5.9 8.5 59.9
Wall 40.6 cm (16 in.) Long with Stiffening
Corrugations
Pressure Supported by Single Inner Aluminum Nose 16.2 23.5 5.9 8.5 2.76

Wall Aft of Corrugation with Corrugation Sheet
Extended to Form Doubler: 6.4 ecm (2.5 in.} Long x

0.183 cm (0.072 in.) 0/A Thk
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l Radial Deflection = 0.160 cm .(0.063 in.)
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Figure 66, Inlet, Local Loading,



The leading edge of the flight inlet is all titanium for resistance to
foreign object damage and erosion and for anti~icing provisions. This section
is removable (by unbolting) from the main body. A corrugated backup sheet
provides passages for anti-icing airflow. This arrangement has the advantages
of isolating the anti-icing air from the composite materials and of containing
the flow for effective heat transfer and minimum air usage., A sketch of this
concept 1s shown in Figure 67.

The rear of the inlet is attached to the forward end of the fapn frame
by 16 rotary latches. Each of these latches is operated by turning a flush
receptacle. A pressure and acoustical seal is achieved at this joint by
means of a thick (in the radial direction) elastomer gasket. The latch loads
for this installation are shown in Table XXITI.

As may be seen from the above analysis, the inlet is not highly

stressed. The skin gages selected were estimated minimum gages, required for
local impact loads during handling.

The composite QCSEE inlet described above weighs 156 ke (345 1b) com—

pared to the weight of a typical current technology metal inlet (scaled to
the same size) of 217 kg (479 1b).

5.3.2 Fan Bypass Duct (Fan Cowl)

The fan bypass duct and fan nozzle constitute the outer nacelle section
aft of the fan frame (see Figure 68). These components are designed to take
full advantage of advanced-type composite materials in order to provide a
Lightweight, thin-profile nacelle suitable for advanced air transports.

The fan bypass duct is designed as right- and left-hand sections split
m the vertical center line. A roll out view of one section is shown in
figure 69. Each section is attached at its upper edge to the aireraft pylon
itructure by means of a pilano-type hinge and is sealed to the pylon as shown
n Figure 70. The sections are fastened to each other along the bottom
rertical centerline by a series of cowl latches. This permits the duct to
e opened for accessibility to the core cowl, and thereby to the core engine.
‘he duct forward “close out" ring contains a circumferential inward facing
‘ongue which engages a corresponding groove in the fan frame when the duct
iections are closed and latched (see Figure 71), The tongue and groove are
‘apered on the forward side (with corresponding axial free play in the piano
inge) to ald in the engagement when closing the duct. The aft surface of
he joint is vertical for transmittal of the duct axial loads inte the fan
rame and hence through the engine mounts into the pylon.

The duct is of sandwich-type construction with Keviar 49 face sheets
nd 5052 aluminum honeycomb core with stiffening rings and members where
equired. The inner face sheet provides a continuation of the outer wall
f the fan exhaust duct and is perforated so that, along with the sized
oneycomb core, it constitutes the sound suppression treatment in the duct.
his treatment being integral with the duct, is also part of the load-
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Table XXIII. 1Inlet, Latch Loads.
Ultimate
Maximum Latch
Latch Latch Load Strength Latch

Configuration N ib N ib F/8
All 16 Latched 9,617 2162 28,801 6475 3.00
One Latch 10,737 2414 28,801 6475 2,68
Two Latches Open 13,135 2953 28,801 6473 2.19
Six Latches Open 25,073 5637 28,801 6475 1.156
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carrying structure. The duct outer face sheet forms the external flow sur-
face of the nacelle and is also structural. The minimum thickness.(core
height) 'of the duct is set by the acoustical design requirements. At the
forward end of the duct, where additional thickness is required to mate with
the fan frame flow path, a septum sheet is provided in the core area to main-
tain the proper honeycomb cell depth for acoustic treatment.

The fan nozzle actuation system will be contained within the envelope
of the duct, except for external fairings locally over the actuators (three
per duct half). These fairings will also be the access covers for the actu-
ators and link system. The actuators will be mounted in cavities formed of
molded parts bonded into the duct. A typical installation is shown in Figure
68. The aft end of the pan will contain the inmer half of a track system
for supporting and guiding the actuator rod end clevis during flap operation.
The outer half of the track will be mounted in the actuator access cover.
Clearance holes in the duct aft close out ring will allow free passage of
the flap to actuator linkage during nozzle translation (see Figﬁre 72),
The forward actuator mount will be attached to an integral- ring at the for-~
ward énd of the actuator cavity, this ring serving to distribute the actua-
tion loads. Tunnels formed of plastic tubing and built inte the core will
serve as passages for the actuation system synchronization cable, the  hydrau-
lic rod, and head end tubes and the seal drain tube. The hydraulic and drain
tube ﬁassages will connect each actuator cavity and extend through both the
upper and lower axial closeouts of the bondment, This will allow assembly
of the tubes from either direction. The synchronization cable tunnel will
extend from the upper axial bondment closeout to the center actuator cavity

only.

A 2024 aluminum piamo hinge will be mechanically fastened along the
upper edge closeout and will be continuous from the aft close out ring to a
point approximately 20.3 cm (8 in.) aft of the forward ring. Figure 70
shows a cross section of this hinge.

The bottom latch system will consist of seven Hartwell King latches of
the hook type, one at each of the three circumferential rings and the other
four equally spaced between these. Figure 73 shows a typical latch installa-
tion. With the duct closed and latched, the duct pressure loads will be
resisted by hoop ten51on/compre551on stresses, the hinge forces being reacted
by the pylon support structure. Table XXIV shows the results from prelimi-
nary load and stress calculations.

5.3.3 Fan Nozzle

The fan exhaust nozzle is a fully modulating, variable-flap type capable
of not only providing various areas for forward thrust, but dlso of flaring
outwards” to provide increased area for intake flow to the variable~-pitch fan
in the reverse mode (see Figures 74 and 75).
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6ET

Table XXIV,

Fan Cowl, Hinge and Skin Stress.

Skin Skin
Flight Max Hoop Hinge Pin Hinge Pin Circumferential Axial
Condition AP Load Bearing Stress | Shear Stress Stress Stress
- 0.3 @ SL 100% 1.1 N/cm? 109 N/cm 214 N/cm? 386 N/cm? 948 N/cm? 476 N/cm?
) ° (1.60 psi) (62 1b/in.) (310 psi) (560 psi) (1375 psi)(T) | (690 psi) (D)
-~ 0.8 @ 9:14 kn 2.65 N/cm?2 261 N/cm 548 N/em? 931 §/em? 2275 N/em? 1138 N/em?
) (30 K £ft)MCR | (3.85 psi) (149 1b/in.) (795 psi) {1350 psi) (3300 psi)(T) (1650 psi)(T)
- 0.90 @7.1 km 4.8 W/cm? 474 N/em 696 H/cm2 1689 N/cm? 4137 N/cm? 2069 N/cm?
oo (20K ft)MRC (7.00 psi) (271 1b/in,) (1445 psi) {2450 pei) (6000 psi)(T) (3000 psi)(T)
- 0.225 @ sL REvTH | ~2+48 Wem® | -243 W/em 510 N/cm? 869 N/cm? 2137 N/em? 1069 N/cm?
* (-3.60 psi) (139 1b/in.) (740 psi) (1260 psi) (3100 psi) (C) (1550 psi) (C)
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The nozzle consists of four hinged flaps each 44.96 cm (17.7 inches)
axially from hinge centerline to trailing edge. The upper flaps are 83.7°
wide and the lower flaps are 84.5° wide. A common hinge/actuator link clevis
relationship is used for all four flaps, this relationship being determined
by the location of the actuators in the fan outer duct. Two each of these
flaps, an upper and lower, will be attached to the fan duct aft ring by means
of the hinges, each flap having a pair of hinges 30.5 cm (12 inches) apart at
the flap centerline along the flap forward edge closeout. The flaps will be
connected to the actuation system in the fan duct by links and link clevises
which are located 25.1° outboard of each hinge. The links will have spherical
bearing rod ends to preclude any binding during flap operation. The flaps are
designed such that they can be translated, with over travel, from an angle of
about 13° in toward the engine centerline to an outward angle of approximately
29°, Located along the axial edges of each flap are seal assemblies, these
seals are designed to give full sealing from a minimum nozzle area of 11,903.2
em? (1845 in.2) to a nozzle area of 16,780.6 cm? (2601 in.2). Figure 76 shows
the intraflap seal. From this point to the full reverse flap position the
seals will be disengaged allowing a triangular-shaped void between the flaps.
Sealing is not required while in the reverse mode. A circumferential seal is
also provided along the forward inner edge of each flap, this seal contacting
a contoured lip extension from the aft ring of the fan outer duct (see
Figure 77). The seal will also provide full sealing over the same range as
the axial intraflap seals.

Operation of the flaps will be by means of the previously mentioned
actuation system and flap links. The midactuator in each duct half will
be joined to both flaps mounted on that section (see Figure 74). This serves
to synchronize the flap movement for that duct half, the synchronization
between halves being done by the actuation system synchronization cables.
The upper and lower actuators will be connected to the flaps by a single
1ink only.

The construction of the flaps is similar to the rest of the nacelle (see
Figures 78 through 81). They are of a sandwich type with Kevlar 49 face
and 5052 aluminum flex core honeycomb., The outer face sheet is composed of
" three plys oriented 0°, +45°, and -45°, The inner face sheet is perforated
from the forward closeout to within 12.7 em (5 in.,) of the trailing edge, at
which point the sound suppression treatment becomes ineffective due to the
low height of the core. This inner sheet is made up of four plys with a 0°,
#45°, 0° orientation in order to compensate for the loss of strength due to
the perforations. The forward closeout is composed of two sections, each
made up of 12 graphite/epoxy laminations and bonded together. The trailing
edge is built up of Kevlar 49 laminations between the inner and outer face
sheets and wrapped with two plys of fiberglass to prevent delamination. Deep
channel-shaped axial closeouts are provided of three plys of Kevlar 49, the
cavities being deep enough to accept the axial seal assemblies. The hinges
and link clevises are made integral with the bondment, each one having legs
which extend intd the honeycomb, with the lugs protruding through the forward
closeout, These are bonded in place and provide extensive interfaces with the
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face sheets and closeouts for load transfer at low stresses. In addition,
doublers are provided for both the imner and outer face sheets at the for—
ward end of the flap, in order to reduce the bending stresses in this area.
The outer doubler is three plys of Kevlar 49 and the Inner doubler is two

plys.

The intraflap seal assemblies are spring-loaded pivoted bumpers one of
which in each pair has a soft face in order to provide good sealing (see
Figure 76) otherwise, the seal components are identical between seal assem—
blies. The spring forces are such as to cause the seals to maintain contact
with each other as the flaps move outward, except that when the nozzle
reaches an area of 16,780.6 cm? (2601 in.2), a slot in each seal slider bottoms
out against a fixed pin mounted in the seal housing, preventing further seal
travel. The seals will then stay in the same position, relative to the flap
they are mounted in, for any nozzle area greater than the 16,780.6 cm? (2601
in.2), The seal at the flap/pylon interface is fixed in the axial closeout
of the flap (see Figure 82). This seal will be adjusted at assembly of the
outer duct and nozzle to the pylon to have good contact with the sealing face
on the pylon. This.seal being fixed necessitates the pylon sealing face
being perpendicular to the upper flap center line.

The flap was analyzed for the design conditions as shown in Table XXV.
The critical forward thrust case wa$ arrived at by comparing flap differen-
tial pressures at several points along the maximum flight envelope. This
determined that the case of Mach number = 0.92 at 6.4 km (21,000 ft) would
give the greatest flap loading. The plus or minus 20 g buffet factor was i
arrived at from experience in designing components for the C-5A Transport and
the DC-10 aircraft. A similar factor was used in those designs. TFor the
reverse thrust case, while the normal landing speed is 41.2 m/s (80 knots),
it was decided that the 77.2 m/sec (150 knots) (M = 0.227) case would suffi-
ciently cover an emergency landing or aborted takeoff condition.

The mechanical properties of the materials used are taken from several
sources. Metallic components allowables are taken from MIL-HDBK-5, "Metallic
Materials and Elements for Flight Vehicle Structures;" the graphite/epoxy
allowables are from the "Advance Composites Design Guide" as prepared for the
Advanced Development Division, Air Force Materials Laboratory; and the
Kevlar 49 properties are from data issued by the E.I. duPont de Nemours and
Co., Inc., Wilmington, Delaware, developer and supplier of Kevlar 49. Table
XXVI shows critical calculated stresses/loads and margins of safety for the
various flap components.

5.3.4 Core Cowl
The core cowl doors define the imner boundary of the fan air flowpath
from the fan frame to the core nozzle. They are also used as sound attenu—

ators. Maintenance access to the core engine is also provided. A schematic
of the core cowl is shown in Figure 83.
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Table XXV, Flare Nozzle Flap, Design’
Conditions.

Forward Thrust

. M=0.92 @ 6.4 km (21X) MECR
. Maneuver Loads ~v MIL-E-~5007
. 10 g down
. 12 g aft
® 1.5 g side
. Buffet Load
] + 20 g
9 C-5A & DC-10 experience
' Single jammed ;ctuator

Reverse Thrust

® M=0,227 @ 8L » MX

] Rejected T/0 or emergency landing
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Table XXVI,

Flare Nozzle Flap, Load and Stress.

(134,200 psi)

259,000 psi

Allowable
Component Stress Mode Stress Load Stress Load Margin of Safety
. . 3,230 N/cm2 10,343 N/cm? .
Flap Skin Bending (4,684 psi) (15,000 psi) +2.2 (yield)
' -47‘989 N .
Hinge Lug Shearout/Bearigg (16,789 1bs) %iB?SSBNlbs) +0.001  (ultimate)
Hinge Pin Bending 165,687 N/cm? 178,581 N/cm2 + 0.077 (ultimate)
(240,300 psi) (259,000 psi)- '
. 9,008 N/em? 22,409 N/cm2 , .
Hinge Lug Shear (13,064 psi) (32,500 psi) + 0,2 (ultimate)
. o 10,260 N/em2 24,615 N/cm? . .
Hinge Iug Bending (14,880 psi). (35,700 psi) + 1.4 (ultimate)
Clevis Lug Shearout/Bearing %é’g?é Tbs) %g’g?g ?#S) + 2,14 (ultimate
i | H]
2 2
Clevis Lug Compression %g;?géoNégT) %gg?%goNégg) + 0.29 (yield)
. 2 2
Clevis Pin | Bending 92,531 N/em 178,581 N/cm +0.28  (ultimate)

Worst Case: Jammed actuator

at M = 0.92 @ 6.4 km (21,000 ft)
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Temperature considerations were of primary importance in determining
cowl door construction materials and configuration. The inner surfaces of
the doors are exposed to radiant and convective heat from engine casings and
are insulated from,codling effects of the fan alr stream by the honeycomb
sandwich wal}s.'“A heat transfer analysis showed (Figure 84) that a radiation
shield, plus cooling air, is required to keep the maximum cowl skin tempera-—
tures within the capabilities of composite materials. Therefore, a stainless
steel radiation shield is mounted off the cowl door aft at engine station 235
at a distance of 0.635 em (0,25 in.) from the inner surface of the door.
Cooling air is bled in between the core cowl wall and the radiation shield
and exhausted through the slip joint. The total amount of cooling air
required to keep the maximum temperature at the desired level is approxi-
mately 0.45 kg (1 1b) per second. With the temperatures thus provided, the
cowl doors can be constructed of graphite/PT using Dupont's 3003 polyimide
resin system or equivalent. "High temperature honeycomb (HRH 327) and adhe-
sives (FM34 or HT434) are used to provide the required elevated temperature
strength and stability.

5.4 DIGITAL CONTROI,

The control system for the flight version of the UTW propulsion system
consists of a full authority digital control, and appropriate flow control
valves, actuators and sensors. All system components are mounted on the
propulsion system. A schematic of the system is shown in Figure 85.

The digital control manipulates three engine variables (fuel flow, fan
pitch, and fan nozzle area) in a closed loop fashion to:

] Set percent of rated thrust

. Provide rapid thrust response

L] Provide low idle thrust

® Reduce noise level

] Provide positive control of engine limits
. Reduce pilot workload

Studies during the design of the experimental engine have established
the sets of controlled and manipulated variables, These sets of variables
will be utilized in the flight system after verification on the experimental
engine, The prime set of controlled and manipulated variables in the forward

thrust regime are:

. Percent of rated thrust is controlled by engine fuel flow,

] Tnlet Mach number is controlled by fan nozzle area.
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* Corrected fan speed is controlled by fan pitch angle.

. Core stator angle is scheduled by corrected core speed.

In the reverse operating mode thrust 1s set by commanding a corrected
fan speed which is controlled by varying fuel flow while fan pitch is -

scheduled to the reverse position and fan area is scheduled to the full open
position.

5.4.1 Safety Features

The digital control system incorporates functions to automatically pre-
vent the engine from exceeding design limits. The specific engine parameters
which are protected by the digital control are low pressure turbine speed
(LPT), core speed, and high pressure turbine inlet temperature. The LPT and
core speed limits are mechanized by sensing the value of these parameters and
comparing to a reference limit within the digital control. If the sensed
value tries to exceed the limit, engine fuel flow is cut back. The turbine
temperature limit is mechanized by computing the value of turbine inlet
temperature from fuel flow and compressor discharge temperature and pressure
measurements. Engine fuel flow is retarded if the calculated temperature
exceeds a reference value in the digital control. If desired, this reference
limit could be scheduled as a function of fan inlet temperature to extend the .
life of hot section parts. The control system is designed to allow stable,
continuous operation on the limit. However, the engine is not expected to
run on the limits durimg normal operation unless engine performance has
deteriorated. In addition to the above operational limits, the digital con-
trol incorporates automatic fuel flow cutback features to prevent engine
damage. These features are:

. Engine fuel flow is limited through a compressor discharge sensor
and .digital control logic to prevent compressor overpressure., In
addition, fuel flow is limited as a function of compressor dis-
charge pressure to reduce damage from turbine overtemperature as a
result of compressor surge.

° Engine fuel flow is automatically cut back to idle in the event the
actual fan pitch angle differs from the commanded angle by a pre-
scribed amount (i.e., inadvertent reverse)

() Engine fuel flow is automatically cut off if the rate of change of
low pressure turbine speed exceeds a prescribed value or the level
of low pressure turbine speed exceeds a prescribed value. This
event could occur if the lcw pressure turbine load was lost.

The digital control will incorporate an advanced failure indication
corrective action concept to prevent loss of operational capability in the
event a control system sensor fails. Essentially, this concept consists of
calculating the values of the sensed parameters from the engine inputs by use
of a simplified model of the engine which is contained in the digital control -
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mEmbry. The calculated values of the sensed parameters are compared with the
-acteal values and the model is updated to zero the error as long as the vari-
-ation between the calculated and.sensed values do not exceed a prescribed
1imit.

- If thé prescribed limit is exceeded on a glven parameter the sensed
parameter is replaced with the calculated value and a signal is sent to the
cockpit noting that a specific control sensor has failed, Incorporation of
this concept will prevent engine damage and allow normal operation with a
control system sensor failure. The concept permits use of the digital con-
trols inherent computational capability and will be more cost effective than
Tedundant or backup sensors.

To allow propulsion system operation in the event of a digital control’
failure, the flight system incorporates fail-fixed electrohydraulic servo-
valves, and a simplified hydromechanical fuel control wvalve. Since the
system is a full authority digital control there is an interface device
between the electrical commands and geometry actuators. This device is an
electrohydraulic servovalve which has been modified to temporarily lock the
output stage if the electrical input is zero or hardover in either direction.
With this device incorporated, the following events will.occur with a digital
control Failure:

» Fuel flow will be initially held at the level at time of failure and
then over a period of several minutes drift upward until it inter-
Sects the level. required to satisfy the core speed command set by
the hydromechanical fuel shut-off lever. Core speed and engine
power may be retarded or advanced by movement of the cockpit manual
power lever, '

) The fan nozzle area will be initially held at the area at time 6f
failure and then over a period of several minutes drift open to
approximately takeoff area where the load on the actuators is
balanced.

° The fan pitch will be locked in the position it held at the time of
failure by the variable-pitch actuator "no back" since the pressufe
-drop across the hydraulic motor will be low.

) The core compressor stators will initially be locked in the posi-
tion held at the time of failure and then will track with cotre
speed through a function in the hydromechanical fuel valve.

With the above features, the propulsion system will provide, with a
digital control failure, nearly normal power in the takeoff regime; altitude
thrust; however, will be substantially reduced due to the open nozzle.
Transient performance will be limited, pilot monitoring of fan speed and
turbine temperature will be required, and reverse operation will not be
possible with a digital contreol failure. Although propulsion system oper=
ation will be limited with a digital control failure, the design is based on .
the assumption that a satisfactory level of reliability will beé attained
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prior to introduction of the digital control., With achievement of the
required reliability, the all digital system will be cost effective since
cost, failures, and maintenance associated with a complete hydromechanical
back-up system will be eliminated.

5.4,2 Condition Monitoring

The digital control will serve as an accumulator and processor of engine
condition information. The specific data list has not been finalized but
will consist of rotor speed, fuel flow, engine vibration, geometry positions,
core engine pressures and temperatures, and lube system temperature and pres—
sure. This data will be transmitted to the aircraft via a multiplex link.

In addition to the information processed by the digital control, the follow—
ing parameters will be sent to -the cockpit on separate hardwired cables to
allow engine operation with digital control failure: low pressure turbine
speed, low pressure turbine discharge temperature, lube oil pressure, and fan
piteh, This data will be monitored by the pilot.

5.4.3 Aircraft Interface

The propulsion control will have mechanical and electrical interfaces
with the aircraft., The two mechanical interfaces will be on the engine fuel
valve and will serve as a fuel shut-off and core engine speed command input
when the digital control is inoperative, The electrical interface will occur
at the digital control. This interface will receive power command and oper-
ating mode from the aircraft and will transmit engine data to the aireraft.
This interface problem has been studied by Douglas Aircraft Company. Results
of the study are outlined below: )

Introduction - The Douglas Aircraft Company has conducted a status pro-
jection of the technclogies for the 1980 to 1990 time perilod to be expected
in advanced propulsion control systems. In addition to QCSEE-type digital
electronic controls, Douglas foresees the use of digital data buses for
command and response (control-by-wire), advanced selectable displays (many
in graphic form), and both short- and long-term onboard engine monitoring
and diagnosis. The primary criterion for introducing any of these features
will be that future detailed studies will have shown a high probability for
a significant reduction in overall cost of ownership when employing these
advanced concepts. In advance of such detailed studies, the ensuing discus-
sion cannot be considered fully definitiwve, but it is indicative of what
is believed will be the major influences on the airplane~to-—engine digital
control interface. .

Architecture - The current Douglas concept relating to how control .sub-
systems will be arranged on mid-to-late 1980 airplanes is based upon the use
of multiplexing transmission techniques implemented as a set of (serial-
digital) separate data buses. One data transmission bus will serve the pro-
pulsion control system, another the flight management system, another the
electrical power management system, and so forth. When two subsystems are
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required to interact, the respective data transmission buses will be linked
through -a dedicated secondary data path. For example, when the propulsion
and flight management subsystems must interact, the secondary link between
the Flight Management Computer Complex (autopilot) and the Required Thrust
(autothrottle) Computer is connected. A propulsion control system concept
featuring this form of architecture for a four-engine (QCSEE type) commercial
transport is shown in Figure 86. Redundancy considerations are not vet
included in this concept.

Data Format — The data handling subsystem (data bus) used for propulsion
control will be in a format compatible with proposed MIL-STD-1553, Reference
4, that is, it will feature:

1. One megaHertz bit rate

2. Manchester biphase level (per MIL-STD-442) encoding
3. Pulse Code Modulatiom

4. 20 bit words:

3 synchronization-pattern bits
16 data bits
1 parity bit

Data transmission on the data bus will be bidirectional so that both commands
to the engines and responses from the engines would.be carried on the same
medium (two conductor, twisted, shielded, jacketed cable) in the above
format.

Description - The engine and aircraft elements of the propulsion control
system are tied together by the digital data bus introduced above and shown
in Figure 86. The control system for each engine is comprised of the engine-
dedicated digital electronic controller and its associated sensors, actu—
ators, and fuel metering servo. In normal operation, all thrust and mode
commands from the aircraft are directed to each engine through its digital
controller. The outputs of all engine sensors whether for control and moni-
toring purposes or for monitoring purposes only are routed through the. engine
digital controller to the data bus. Outputs of those sensors required by the
crew to operate the engine when the digital controller has failed are carried
on additional, dedicated, hard-wired channels to the cockpit, The required
data, includes fan speed to be used as the thrust-setting parameter, engine
health information such as exhaust gas temperature and engine oil pressure.
Under these circumstances thrust commands are conveyed directly to the engine
fuel metering servo through a dedicated link with the normal thrust lever.
The dedicated backup link may be combined with the same, hlgh reliability
one used for fuel shutoff., Reliability and simplicity of the action requlred
of the pilot are the prime requirements for the backup system.

The aircraft elements of the propulsion control system include the

Required Thrust Computer (currently called the Autothrottle and Speed Control
Computer on the DC-10 airplane), the Data Bus Traffic Controller, the Central
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Air Data Computer, the Engine Short Term Data Loop Recorder, the Engine
Monitoring and Diagnosis Unit, and the cockpit displays and controls.

Thrust commands are fed into the data transmission bus by the Autothrottile
Computer. Manual commands are sent to the Autothrottle Computer by the
pilot's thrust levers in the form of analog electric signals and are encoded
into serial-digital format for transmission to each engine. Automatic
commands enter the Autothrottle Computer from the Flight Management Computer
via the secondary link in the form of serial-digital signals. These are .
distributed on the data bus to each engine's digital controller, and are
also converted to analog signals to position each cockpit thrust lever via
the thrust lever servomotors. Signals generated by the autopilot depend on
the flight mode (i.e., takeoff, climb, cruise, descent, approach, land, and
reversing) selected by the pilot. The Autothrottle Computer makes possible
automatic engine-out compensation in flight and on the ground and automatic
reversing during the landing roll. 1In flight, the actual thrust parameter
output of each engine is compared within the engine controller to the thrust
parameter command from the Autothrottle Computer. The output is maintained
at the commanded value or limited to the available thrust as computed based
on selected flight mode, actual flight conditions, stored maximum ratings,
and selected percent of derating.

The Data Bus Traffic Controller determines the routine and contingency .
priority for command and status messages that are placed on the data trans—
mission bus. This follows the general requirements now evolving in MIL-STD-
1553, 1Its operation is highly critical in the propulsion control system.

. Consequently, suitable redundancy of this function will need to be provided.

The outputs of the Central Air Data Computers are shared with other
dirplane systems. These provide a variety of computed data based on measured
flight conditions to the Autothrottle Computer and the Rated Thrust Computers.
This latter function will be discussed further under OPERATION. The Auto-
throttle Computer will use data such as airspeed, vertical speed, Mach
number, and altitude. The thrust rating function of the digital engine con-
trollers will use data such as airplane Mach number, altitude, and ambient
total air temperature. In addition, a bleed air demand signal will be
required for the thrust rating computation. This is particularly important
for the high bypass ratio QGSEE, where bleed demands impact.dramatically on
performance. This demand can be deduced from bleed valve positlons and
control switch settings on the system operator's (flight engineer's) panel
or it may prove feasible to compute it as part of the onboard reference
engine model envisioned for use in the Engine Monitoring and Diagnosis Unit.

" Engine data enter the data bus through the digital engine controllers.
Selected parameters are recorded at predetermired rates on the Engine Short-
Term Data Loop Recorder which stores on a continuous tape-loop the most
recent 20 minutes of high-rate engine data for incident analysis purposes,
Once or more during each flight, when stabilized conditions prevail, engine
data are recorded by the Engine Condition and Diagnosis Unit over a brief
interval to provide a "snapshot" of engine status. These data are used to
update the diagnosis of trends in engine condition. It is planned that this
function will be performed onboard the airplane. This onboard diagnosis
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feature is considered vital for. long—range over-wvater operators. However, dt-
may be more cost-effective for the short- -to-mgdium range domestic carriers .-:
(who are most likely to use a QCSEE-powered airplane initially) to perform
the diagnosis on the.ground. In this case, only a long-term engine trend
recorder is required onboard the aircraft. The engine tape would be-removed-
periodically for analysis of engine health trends in a ground facility-dedi~
cated to that purpose.

Engine data are also directed to various displays in the cockpit.via the
digital data transmission bus. This includes engine failure indications and
corrective action advisories generated in the Engine Monitoring and Diagnosis
Unit and the individual englne digital centrollers.

The concept of the redundant data transmission bus implies that special-
consideration must be given to détermining the level of redundancy required.
Tn addition, a selection technique must be developed to resolve which of.the
command values going to each engine on each redundant data bus to use: and
how to use it-to maintain balanced thrust across.the wing.

Operation - The Autothrottle Computer processes and relays to the-data
bus both the manual thrust commands originated by the pilot and automatic -
thrust commands originated by the Flight Management System (autopilot), 1In
automatic control modes, the thrust levers are back-driven to the correct :
positions by signals from the Autothrottle Computer via the thrust lever:
servomotors. This enables easy and smooth manual override- by the crev,

From the operatlonal viewpoint, it is desirable for thrust to. be set and .....
indicated as a percent of each maximum rating. This gives the crew a clear, .
picture of the .demands they or the Autothrottle Computer are placing on the
engine in each flight regime. It also simplifies the process, of setting
thrust levels which are derated from.the maximum by a selected percentage,

Five separate ratings correspondlng to the principal engine operating modes
must be considered:

Maximum takeoff (sEatic and in-flight)
Maximum continuous

Maximum elimb

Maximum cruise

Maximum reverse

-

These maximum ratings will be precomputed and stored within a computer in the
propulsion control system as functions of the flight conditions and aircraft
bleed demands, For a selected engine operating mode, flightconditions and’
selected derating percentage, available thrust can be computed. The arrange-
ment for providing this available or rated thrust computation function is
part of each engine digital controller. . This permits closed-loop control of
the englne to the rated thrust parameter without response -and command data,
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having to be sent to the airframe and back.. Engines of different ratings
can be mixed on the same aircraft. However, aircraft a1r data and bleed

demand data has to be sent ‘to each engine.

If the engine is being operated to hold a certain percent of maximum
takepff thrust, say 97%,.the engine digital controller will hold 97% of the
corrected (1nstalled) maximum takeoff ratlng avaflable under given ambient
conditions. If the engine.is being operated to hold an airplane parameter
such as indicated airspeed, Mach-number, ‘or for following a selected path
such as programmed. climb profile, the engine digital controller will maintain
that airplane parameter or path unless the required thrust would exceed the.
available thrust as determined by the installed maximum climb ratings.

It is desirable tec keep thrust mode and thrust level selection a simple
procedure. The approach to manual operation would be to divide the thrust
lever quadrant into "mode ranges'". Moving the lever inte a given mode range
simultaneously gemerates a mode signal and a thrust level signal in terms
pf percent of mode rating. The higher-power end of the range would corres
spond to 100% of rating for that mode and would be marked by a detent. The
takeoff and reverse mode ranges would be terminated by a frangible stop for
normal operation. In emergencies, this stop can be broken to obtain all
available power. A simplified illustration of this concept is shown in,
Figure 87. The maximum continuous and maximum cruise ratings are omitted
for clarity. In this form, it corresponds to an approach suggested by _
Kamber, Reference 3

Failure of electronic controller would require the pilot to close the
thrust 'setting loop and perform overboost protection using rotor speeds and
exhaugt gas temperature to control thrust. Automatic operation of the | engine
would be selected by the créw through the Flight Mode Selector Panel whlch
through the Flight Management System, would provide thrust mode and thrust
level signals to the Autothrottle Computer which would obtain and monitor

the desired engine operation.

The percent of the appropriate base thrust selected for each engine is
dlsplayed on the instrument panel in digital form along with an indication of
the actual percent thrust to permit visual checks of the performance of each
digital engine control.

For reversing, the thrust levers are manually or automatically moved
from the approach thrust position to reverse and can be modulated between
reverse idle and maximum reverse. The thrust indicators will display the
percent of maximum reverse at which the engines are operating. This is also
shown in Figure 87 as the scale C range. Reversing ratings and procedures
will have to be determined for a given airplane installation s0 as to be
compatlble with limitations created by the potential of ingesting foreign
objects from the runway that have been disturbed by the reversing efflux,

Benefits ~ Implementation of the foregoing airplane-to-engine digital
control interface concept on a QCSEE-powered airplane is expected to reduce
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gsignificantly the costs of ownership over current aircraft and at the same
time be consistent with the highest safety standards. These specific payoffs
are foreseen:

1. Reduced Engine Operating Costs — Precise thrust control will save
fuel. Precise thrust rating adherence will extend engine life.
Expanded monitoring and diagnosis will reduce unscheduled engine
removals and secondary damage by showing in advance significant
degradation trends and impending failure conditioms. Continuous
automatic supervision of critical engine parameters will prevent
engine distress from over-limits operation.

2, Reduced Crew Workload - Automatic protection against operating
extremes and automatic adherence to ratings makes more crew time
available for contingencies and monitoring of the total airplane,
Automatic engine-out compensation and automatic reversing on the
ground helps keep the crew 'on top" of contingencies. These fea-
tures contribute to making it safe and practical for a two-man crew
to fly a short-haul airplane powered by four QCSEE-type engines.

- 4

3, Improved Terminal Area Flight Control - Precise airspeed control
provided by improved thrust control enables reduced traffic spacing
when necessary. Precise altitude control provided by improved
integration of thrust and aerodynamic controls enhances automatic
landing performance capabilities. The close tie of precise thrust
control with advanced flight management techniques and advanced
scamning microwave landing systems will enable use of steep,
curving approaches and departures without compromising passenger
comfort while reducing the noise "footprint" on the ground and
avoiding population concentrations in the vicinity of the airport.

5,5 FUEL/LUBE SYSTEM

QCSEE bearings and seals components, other than the main reduction gear,
can operate throughout the flight map with oil supply temperature of 149° C
(300% F) and oil scavenge temperatures as high as 177° C (350° F). TLocal
bearing temperatures rise above 177° C (350° F) during some portions of a
flight. These components generate 61,600 J/sec (3500 Btu/min) at takeoff
power.

The AISI 9310 gears and bearing outer races in the main reduction gear-
box have 149° C (300° F) metal temperature limits at all conditions. These
components require a lube system with the ability to cool the oil below 93° ¢

(200° F) during most flight conditions. This system must accommodate an
additional 70,400 J/sec (4000 Btu/min) from the gearbox during take off.

Fuel system requirements are:

. 50° C (122° F) supply max at all conditions.,
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@ ' Fuel heating to 0° C (32° F) at filter inlet ‘with -—40° C (-40° 7
soak and -48,3° C (-55° ¥) flight.

The following system was selected to meet QCSEE requirements.
o Fuel recirculatien to aircraft fuel tanks.

° Split bypass return fuel to A/C tanks - returning portlon of lube
heat to A/C tanks.,

e Amblent coollng of A/C wing surfaces sufficient to avoid tank
temperature rlse.

] Priority arrangement of reduction gearbox and main lube heat
exchangers.

c . Combined function .oil-to-fuel heating for fiité:‘icezﬁrotection.

Results of the UTW flight study are summarized here. The selected
system exceeds all system requirements.

] Two CF6—51ze fuel-o0il heat exchangers 12 kg/engine (2616) dry
We1ght aluminum removable core - nonbrazed.

. 'Supplemental 011 cooling (recirculation) at cruise and idle descent

only.
e No fuel tank overheating.

° 127° ¢ (260° ) AGMA scoring temperature (cllmb) 131° ¢ (268° F)
bearing race temperature (approach) :

. Fuel heating capability (de-ice) ~41,1° C (- ~42° F) soak
-53.8° C (-65° F) flight

The system shown in the UIW fuel/oil schematic {Figure 88) was selected
to meet QCSEE requirements. 0il discharged from the lube supply pump follows
two parallel paths. One path directs oil to all the normal lube system com-
ponents; the other path routes oil through a supplemental cooler prior to
entering the main reduction gear. Thus, only the oil required for the reduc—
tion gear is cooled to lower temperature levels. All scavenge oil is .routed
through a common heat exchanger before returning to the oil tank. Interfaces
with the airplane accessories cooling system is discussed in Séction 3.2.14.

The heat study conditions as shown in Table XXVII were selected from
theé November 1, 1974 QCSEE Technical Requirements and the July 18, 1974
Curtlss~Wr1ght Gearing Data.

Heat generation from the reduction gearbox, engine lube, and engine

hydraulic systems have been calculated for each condition. Table XXVITI
summarizes these results.,
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Table XXVIT,

Fuel/0il Cooling, Heat Study.

Reduction
Yiight Gear Fan Core
Altitude Mach Efficiency, LPT Speed, Speed,
Condition Case No,. m ft. No. ' % M Hr % A
Ground Idle 112 SL SL 0 98.96 0.08 101 27.8 50.3
Takeoff 1 5L SL 0 99.30 9.80 13145 97.3 93.3
Climb 301 5L SL 0.38 99,28 10.51 14097 2.0 92.8
Cruise 404 7620 25,000 0.7 99,24 6.34 8496 102.8 89.8
Descent 503 4572 15,000 0.6 98.99 1.75 2346 61.2 77.8
Approach 8 61 200 0.12 99.26 6.80 9125 95.2 87.4
Reveise Table XXIX
(Ihru Stall) SL 5L 0 99.19 5.47 7335 91.8 §89.8
Max Fan
Torque 928 8L SL 0 99.30 11,80 15830 96,2 92.3
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Table XXVITII.

Fuel/0il Cooling, Heat Generated,

Reduction Gearbox Engine Lube Engine Hydraulic Total Q
Condition J/sec Btu/min J/sec Btu/min J/sec |Btu/min J/sec Btu/min
Ground Idle 792 45 4,118 234 1,938 110 6,846 389
Takeoff 68,728 3,905 58,837 3,343 3,608 205 131,173 7,453
Climb 75,803 4,307 54,982 3,124 3,590 204 134,376 7,635
Cruise 48,224 2,740 56,126 3,189 3,485 198 107,835 6,127
Descent 17,688 1,005 23,707 1,347 3,010 171 ' 44,405 2,523
| Approach 50,442 2,866 47,432 2,695 3,379 192 101,253 5,753
‘Reverse 44,370 2,521 49,544 2,815 3,487 197 97,381 4,433
Max, Fan
Torgue 82,773 4,703 56,320 3,200 3,573 203 142,666 8,106




Fuel and oil flows (Table XXIX) are tabulated for the same operating
conditions. While upstream bypass fuel is returned to the tanks during the
entire mission, heated downstream bypass fuel (after the heat exchanger) is
only returned during cruise and descent.

Using the previously tabulated heat rejection rates and fuel/foil flows
a fuel tank temperature rise rate was calculated in Table XXX for each con-
dition in the flight map. It was assumed that 14 m2 (150 ££2) of wing cooling
surface was available for each engine. During all conditions except cruise
and descent, the only heat returned to the tanks is from the fuel pump.

Calculated reduction gear bearing and gear temperatures are well within
their 149° ¢ (300° F) limits. As seen on Table XAXI, maximum calculated
metal tempratures never exceed 132° C (269° F).

A final design objective was to assure that under cold fuel conditions,
the fuel entering the filter would be at least 0° C (32° F). As can be seen
in Table XXXII, the system meets the design objectives of ~40° C (-40° F)
ground soak and -48.3° C (-55° F) in-flight cool-down.

5.6 PROPULSION SYSTEM WEIGHT

The UTW "flight" propulsion system is projected to meet the following:

Uninstalled thrust 81,400 N (18,300 1b)

Uninstalled weight 1384 Kg (3,051 1b) Fy/We = 6.0
Tnstalled thrust 77,395 N (17,400 1b) i = 4.3
Installed weight 1825 Kg (4,024 1b) N :

The above projection is based on experimental engine thrust and weight (to
be measured during the QCSEE Program), with suitable adjustments in weight
to account for material and design changes that have been identified as
applicable to the flight system.

Uninstalled weight includes all turbomachinery components and related
fuel and electrical system.

Installed weight (See Table XXXIII) includes, in addition, the
following:

] High Mach suppressed inlet

. Fan aft duct

» Flare nozzle
® Core cowl
o Core nozzle
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Table XXIX, PFuel/0il Flow.

Heat Lxchanger *
Engine Total Tank Tank Reduction Gear Fngine Lube &
Metered Engine Supply Return Return 0il Hydraulic Qil |
Fuel WFE Fuel WP Fuel WB Fuel Flow Flows
Condition Kg/hx prh Kg/hg| pph Kg/hr| pph Kg/hr pph Kg/min [ 1b/min Kg/min | 1b/min
Ground Idle 288 634 4586 (10,110 4298 9,476 0 0] 39.9 88 33.6 74
Takeoff 2656 5855 8507 18,755 5851 (12,900 0 0 73.9 163 53.5 11?
Climb 2776 6121 8461 18,653 5685 (12,532 0 0 73.5 162 53.1 117
Cruise 1476 3254 8187 (18,050 6711 (14,796 852 1879 ' 71.2 157 51.7 114
Descent 577 1273 7093 {15,638 6516 14,365 852 1879 61.7 136 46.3 102
Approach 15932 4259 7968 {17,567 - 6037 13,308 0 0 69.4 153 50.3 111
Reverse 1847 4072 8187 18,650 6340 13,978 0 0 71.2 157 51,7 114
"886.8 kg/n? (7.4 1bs/gal
.8 kg/md (7.4. 1bs/gal.) D1
- TR0
-]
)
$<
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Table XXX, Fuel Tank Temperature Rise Rate.
Temperature Temperature Temperature Total Sk Aot
Heat Exchanger Heat Exchanger Return Return Fuel Tank Fuel Tank
Fuel Fuel Fuel Q Ambient Temperature
Tnlet Discharge to Tank to Tank Cooling Rise Rate
Condition °c °F °c °F °c °F J/Sec | Btu/min, J/8ec | Btu/min, |° C/sec (° F/sec)
¢ *
Ground Idle 50,5 123 91.1 196 50.5 123 2,411 137 1,408 80 0.3 (0.6)
Takeoff 51.1 124 136.1 277 51.1 124 7,480 425* 1,408 80 2.3 (4.2)
*k
Climb 51.1 124 133.¢9 273 51,1 124 7,550 429 28,582 1624 ~7.7.¢-13.8)
Cruise 51.1 124 130.6 267 61.1 142 45,690 2596 94,547 5372 -18.0 (-32.4)
Descent 50.5 123 103.9 21% 57.2 135 32,138 1826 76,102 4324 -16.3 (-29.4)
%
Approach 51,1 124 141.1 286 51,1 124 6,688 380 25,450 1446 -7.0 (-12.8)
*
Reverse 51.1 124 141.7 287 51.1 124 6,794 386 1,408 8o 2.0 (3.6)

*
Fuel Pump 'Q' Only - No Lube Heat

ok
Per Engine - 4649 kg (10,250 1lbs. Fuel} - 14,m? (150 £t2) Lower Wing Surface Cooling
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Table XXXI. Lube System Temperatures,
) ' *
Scavenge Lube Reduction Gear * AGMA
Return Supply Supply Bearing Scoring
01l 0il 0i1 Race Factor
Condition °C °F °C °F. °C °F °C °F °C °F
Ground Idle T4.4 166 69.4 157 68.9 156 74.4 166 70.8 159
Takeoff 138.3 281 98.9 220 77.8 172 118.3 245 128.9 264
| .Climb 138.9 282 107.2 225 77.2 171 115.0 239 131.7 269
Cruisge 134.4 274 101.1 214 81.7 179 C121.7 251 . 117.8 244
Descent 97.8 208 81.1 178 72.8 163 89.4 193 88.3 191
Approach 142.2 288 112.2 236 92.2 198 131.1 268 131.1 268
Reverse 133.9 253 93.3 200 75.6 168 112.8 235 108.9 228

*
9310 Steel 149° G (300° F) Limit '




Table XXXII. Fuel Heating Capability.
Engine Fuel
Fuel Filter

Supply® Inlet
Condition °c ° T °C °F
Ground Idle -41.1 ~42 0 32
Takeoff -86.1 ~123 0 32
Climb -83.9 =119 0 32
Cruise -80.6 -113 ¥ 32
Descent -53.9 ~-65 0 32
Approach -91.1 ~-132 0 32
Reverse -91.7 =133 0 32

*Design Objectives:

-40° C (-40° F) Ground Soak

~48° C (~55° F) In-Flight Cooldown-
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Table XXXIII. Propulsion System Weight,

Nacelle .

. Equivalent Flight Weight

Components Kg 1b

In:le-t 156 345
Fan Duct 74 . 163
Flare Nozéle 26 57
Core Cowll L4 1 .. 98
Core Exhaust (1A 142
Hydraulic System 10 21
Nozzle Actuation 20 &4
0il Cooler ~18 40
0il Tank 12 25’
Fire ﬁetection and Extinguishing 0 0
Instrumentation 11 i 25
Drains and Vents 6 .13
Total Installation 441 | . 973,
Engine lBé& © 3051
Total Propulsion System 1825 4024




) Engine hydraulic -system

' Nozzle actuation system (aireraft hydraulic supply)
. 0il cooler

° 0il ta}lk

. Safety instrumentation

® Fluid drains and vents

Normally aircraft furnished components such as sfarter, aircraft accessory
gearbox, bleed piping, and engine mounts are excluded.
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6.0 PROPULSION SYSTEM PERFORMANCE

6.1 UTW FLIGHT ENGINE

Engine performance ddta were generated for the QCSEE Under-the-Wing
Flight Engine for use in evaluation of the flight, economic, and acoustic
chdractetistics of commercial, short-haul aircraft. Engine performance over
a representative mission profile is shown in Table XXXIV. (For title def-
initions; see List of Symbols). The performance levels shown for the flight
engine are based on component characteristies projected for the certificatioen

level engine.

The system performance in Table XXXIV includes the follbhing installation
factors:

] Ram recovery

® Pyion scrubbing drag (for that portlon of the pylon washed by
the engine exhaust flow)

. Core cowl scrubbing drag

° Core exhaust (centerbody) scrubbing -drag

™ Customer bleed (DAC estimated requirement)

] Customer shaft power extraction (DAC estimated requirement).

Ram recovery utilized in generating installed performance is shown in
Figure 89. The inlet throat is sized to produce 0.79 Mach number at a
corrected f£low of 405.5 kg/sec (894 lb/sec) The loss characteristics are
based on estimates pr0v1ded by DAC.

The pylon drag is based on a scrubbed area of 0.755 m? (1170 in.2)
(total for both sides). This surface area was determined by projecting the
fan exhaust plume outer streamline back to the pylon trailing edge: The outer
edge of the plume was established by the constant ambient pressure stiedinline.
Although the outer streamline shifts depend on nozzle position, a single value
of surface area is used and the associated drag coeff1c1ent is adjustéd
depehding on flight condition.

External nacelle form drag and friction drag are included in the airecraft
drag characteristics.

6.2 BOTTOM-MOUNTED ACCESSORIES CONFIGURATION

An alternative engine configuration concept was investigated in Wwhich the
accessory location was changed to the bottom of the engine. The effect on the
engine cycle due to changes in the pylon fairing and the addition of a bottom
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Table XXXIV,.

Performance Data Summary.

Flight Interstage BlLead*® CDP Blegd*
Altd tude Mach DTAME Fx gge W1 Bypass T1g P1g TB27 PR27 TR3 [
m £t No. =S¢ [°F N b g/sN [ 1b/hr/ib | kg/sec [ tb/sec | Ratio | °C [° F [N/em® [psial ° ¢ |° F [ 6/em® {psta| ° ¢ | ° ¥| t/cn?]| psia
0 ofo -0.5]31 {76,105 [17,110] 0.009 | 0,326 384 847 12.1 | 56.6 [134 |12.48 [18.1| 288.9 | 552 | 55,84 | 80,7 [ - o T
0 ofo -17,7| o | 76,105 {17,110{ 0.0088 | 0,314 366 872 12.1 [ 37.8 [100 {12.48 |18, | 258.9 | 498 | 55,78 (80,5 | - - - -
0 0| 0.191 ~0.5}31 55,311 {12,435] 0,0128 0.453 399 899 12.4 88.3 137 {12.69 {18.4 | 290.0 | 554 56,40 | 81,8 - ' - - -
0 " 0|0.378 | ~17.7[ 0 {45,036 {10,125] 0,0157 | 0.554 438 266 12.7 | 45.6 [114 |13.72 |19.9 | 265.0 | 509 | 59,92 | 86,87 - - - -
762 | 2,500{0.395 | ~17.7 | ¢ [ 42,145 9,475| 0,0158 | 0,560 406 896 12,4 | 41,7 |107 |12.82 {18.6 265.1 {502 | 66,13 |81.4| - - - -
1524 | 5,000 | 0.413 | -17,7| o | 39,385 | 8,850| 0,0160 | 0,566 377 831 12,3 | 88,3 |101 |11.93 |17.3| 256,7 {494 | 55,40 [ 76,0 | - - - -
2286 7.800 | 0.432 -17.7 2] 36,606 8.250 1 0,0162 0,572 349 770 12,0 34,4 64 |11.10 {16.1| 252,98 {487 18,89 | 70,9 - - - -
3048 | 10,000 [ 0,452 | ~17.7 | ¢ | 34,143 | 7,676) 0.0164 | 0.579 323 713 1.8 | 31,1 | 88 |10.27 |14.9 | 248,53 {479 | 45,51 [e6.0] - - - -
0.502 | -17.7 | o | 32,456 | 7,208 0.0173 | 0,613 332 733 12,0 | 33.3 | 82 [10.55 ]15.3 | 250,0 {482 | d46.40 [ 67,3} - -1 - -
0.541 | -17.7 | 0 |31,136 | 7,000] 0.0181 | 0,639 340 750 12,2 | 35,0 | 95 |10,76 [15.6 ) 251.1 {484 | a7.02 (68 2| - T
as72 15,000 [ 0,593 | -17.7} 0 | 26,0688 | 6,000} 0.0185 | 0,654 204 648 1.2 (28,9 | 84| 9.38 |13.6| 242,2 {468 | 40.82 |80.2 | - -1 - -
6096 |20,000 (0,651 | ~17.7 | 0 [22,574 { 5,075} 0,0190 | 0,870 254 561 11.7 | 22.8 | 73 | 8.14 |11.8|232.8 (451 | 35.10 50,0 - -1 - -
7620 |25,000 (0.700 | -17,7 | 0 |19,015 | 4,275 0,0192 | 0,880 217 179 11.6 | 15.6 | 60 | 6,90 |10 0| 221.7 431 | 298.72 | 43,1 | - -1 - -
9144 |30,000 [0.700 | -17,7 | 0 {16,235 | 3,650 0.0188 | 0.664 178 392 1.8 | 5.0} 41| 5,68 | 8,2 |207.2 [405 | 23,00 | 34,8 - -1 - -
9449 |31,000 |o,700 | -17,7 | 0 |15,675 | 3,524 0,0188 { 0.663 171 176 11.2 | 3.8 | 38 | 5.45 | 7 9| 204.4 (400 | 22.89 |38.2| - -1 - -
11.898 | 2,675 | 0.0197 { 0.695 161 355 12,1 |-2.2 | 28 | 5.10 | 7.4| - - - - 305.6 | s82] 47,37 ee.7
11,565 | 2,600 | 0,0198 | 0,609 160 53 12.2 |-2,8 | 27| 5,10 74| - - - - 302.2 | 576] 46.61 | 67.6
7925 {26,000 |0.700 {-17.7 | 0 |10,118 | 2,275 [ 0,0218 | 0,772 189 118 13,5 | 3.0 | 38 | 6,00 | 8.7 - - - - | 203.3(560| 48.95| 71.0
7559 |24,800 0,681 | =-17.7 | 0 | 2,744 617 | 0,0439 | 1,550 |’ 166 367 16,3 |-3,9 | 25 | 5,52 | 8.0 - - - ~ |226,7( 440]| 31.85{ 48,2
6066 {19,900 | 0,649 |=17.7 | 0 | 3,189 717 | 0,0430 | 1,519 197 434 16,5 | 4,4 | 40 | 6,62 | 9.8 =~ - - - 238.8 j 462 | 37.92 | 55.0
4511 |14,800 0,301 |-17.7 [ 0 | 3,858 82z | 0,0418 | 1.477 226 408 16.8 [ 10,6 | 51 | 7.72 [1r.2| - - - - | 246.7 | 476| 43,30 | 62.8
3048 [10,000 |0.541 {-17.7 [ 0 | 4,67 | 1,050 | 0.0377 | 1.333 251 553 16.3 | 17,8 | 64 | 8.96 |13.0| - - - - |257.8]496| s0.26( 72,9
0.452 {-17.7 | © | 5,120 | 1,15 | 0.0310 | 1.008 223 120 15,6 | 12,8 | 55 | 8.48 |12 3| - - - - | 243.3 | 470]| 45,58 | 66.¢
1524 { 5,000 |0.413 [ =17.7 | © | 5,007 | 1,328 | 0.0303 | 1.069 256 564 15,9 | 20.6 | 62 |10,00 |14.5] - 7| - - - | 2s52.8]487| 52.13| 75,8
762 | 2,500 |0,395 |-17.7 [ 0 | 6,321 | 3,421 ]0,6209 | 1,058 274 804 16,0 {24.4{ 76 |10,83 |15.7| =~ - - - | 287.2 1495| 55.50 | 80.5
0 0jo.378 |~17,7 [ ¢ | 6,752 | 1,518 | 0.0206 | 1.046 293 547 16,2 |28.3 | 83 |11.72 |17.0| - - - - |261,7|503]| 59.02| 85,6
9144 (30,000 [0.610 |-17.7 | 0 .| 9,732 | 2,188 | 0,0194 | 0,685 148 az7 12,7 |-9.4 | 15 | 4.76 | 6.8 | -~ - - -~ {275,0 | 527| 40,08 | 58,1

*Bleed flow 0,45 kg/se¢ (1 lb/sce); shaft power extraxtion, 37 KW (50 HP),
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Ram Recovery

Total Fan Corrected Airflow, 1lb/sec
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Figure 89, Ram Recovery.



pylon was to increase the fan duct pressure drop by approximately 3 percent.
Resulting system performance at important f£light conditions is shown in
Table XXXV. The first five data points in the table are rum to the corre-
sponding engine temperature, the last three to the corresponding thrust
level, Effects on engine imnstallation, weight, and system econcmics are
discussed in Section 8.1,

6.3 REDUCED SUPPRESSION CONFIGURATION

Another alternative engine system was investigated in which the acoustic
treatment was reduced, allowing .reduced inlet and duct lengths but resulting
in increased noise levels. The effect on the engine cycle was estimated to b«
a 6.5 percent reduction in the fan duct pressure drop, and a 50 percent reduc-
tion in the turbine exhaust duct pressure drop. The resulting performance is
shown in Table XXXVI, The first five data points shown are run to the corre-
sponding engine temperature level the last three cases are run to the corre-
sponding thrust level. Effect on engine installation, weight, and system
economics is discussed in Section 8.2Z.
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Table XXXV, Performance, Bottom-Mounted Accessories.

Flight Byposs Interstage Bleod CDF Blced -
Altitude Mach DTAND Py 5¥C w Pressure Tig P W27 TE27 PR27 was T3 PB3
L ft Ko, *c|°F X 1b g/sN | 1bv/hr/lb { kg/sec {1lb/sec | Ratio v ¢ 1* F [N/en? | psie |kg/see | Ib/sec | * C[* P | N/cm? | pata [kg/aec |1b/sec| ° cf* ¥ | N/on? psiui
[} 0| 0.191 0.8 | +31 | 56,496 | 13,151 0,012 | 0.43% 308 878 12,2 58,4 {139 | 12,9 | 18,7 o 0 298| 568 60,2 | 87.3
55,284 |12,420 1 0,013 | 0,452 399 87 12,4 58,3 (137 |12.7 | 18.4 0.5 1.0 {200 854f66,5 |81.8"
3048 |10,600 [ 0.502 |-17.7 0| 32,430 7,291{9.017 | 0.614 338 733 12.0 33,2 92 j10.5 15,3 0,5 1.0 | 250 482 | 46.5 67.4
6096 {20,000 | O0,65) [-~17.7 Q 2%,556 3,071 |0 010 | 0,87} 254 561 11,7 22,8 k&) 8,1 1.8 0.5 1.0 | 233 | 4531 | 35.2 51,1
9449 31,000 | 0,700 (-17,7 015,670 | 3,523 |9 019 | ©,663 17l 376 11.2 3.3 |38 5.4 1.9 0.5 1,0 | 204} 400 | 23,1 [ 33.%
11,898 | 2,675 0,020 | 0,606 j1:38 355 12,1 -2.2 28 5,1 7.4 05 1.0] 32| 593|47.8 68,3
11,865 | 2,600 | 0,020 | C.599 160 353 12.2 -2,8 {271 5.1 T4 o5 1.0]°309| 58B8|47.0 68,1
144 |30,000 | 0,610 |-17,7 0| 9,732 | 2,188 | 0.010 | 0,688 148 327 1z.7 =0,4 | 15 | 4,8 6.9 0.5 1.0 281] 537|40.5% 58,7

Specinl datn for compurison studies,

First five casos are run to corrosponding QCSEE turbine inlet temperature.

Lost three casos are run to corrosponding QUSEE net thrust,

Firat case has zero sheft powor oxtraction, othor cases have 37 kw (50 HP) extraction.

Table XXXVI. Performance, Reduced Suppression.

Flight B ’ Interstago Hleed CDP Bloed
AlLtitude Mech DTAND P SFC W e Tig P18 Wo27 TB27 PBIT WB 83 FE3
™ tt Yo. °¢|*F] N 1b g/sN | 1v/hr/Ib | kedwoe | Lb/ace | Ratio °g |*Finsen? psin |upssoe Linssoe| ¢ [ o 7| nron®] pate kgsuec {W/mec] @ ¢] © F| H/em? paia
0 Q10,191 0.5|+31 | 58,696 | 13,196 [ 0,012 | O 437 392 879 12,2 59,4 139 |13 0 18.8 [+] 4] 298 | 568 |60 1 | 87.2 R
58,453 |12,467 10,013 | D 451 399 880 12,5 58,3 [ 137 |12.7 18.4 0.5 1,0 | 290 {531 | 56.4 | B1.8
3048 {10,000 0,502 |-17.7| O |32,617 | 7,333 |0.017 | 0.610 333 734 12.9 33,3 92 |10.3 15.3 0.5 1,0 | 250 | 492 |46.4 | 67.3 '
6096 |20,000 | 0,661 |~17,7} © |22,689 [ 5,101 | 0,019 | 0,667 234 561 n7 22,8 73| 8.1 11.8 0,3 1.0 | 233 | 451 35,2 | 51.1
944p |ar,000 |0.700 {-17,7] o |1s,737 | 3,838 |o.018 | 0,660 171 376 11.2 3.3 3| 5.4 79 0.5 1.0 | 204|400 |23,1 | 33.5
11,898 | 2,875 |0 020 | 0,892  1:)8 355 12,2 ~2,21 28{ 5.1 T4 05 1.0 | 311 592 | 47.6 68,0
11,563 | 2,600 |D,020 | © 696 160 a53 12.3 =28 27| 5. T4 0.5 1.0 308 | 986 | 46.8 67.9
0144 |3C¢,000 |0.620 |=17.7] O | 9,732 | 2,188 [0,019 0. 852 148 327 12,7 =94 15 4,8 6.9 ' 0.5 1.0 | 280} 536 40.3 8.3
Special data for comparicon astudios,
First five cases arg runh to corrosponding QCSEE turbino inlet temporature,
Lost three cnses are run to correspondimg QCSEE net thrust.
Firat c¢ase has zero shaft poser extraction, other ensee have 37 kw (50 HP) extraction, .
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7.0 FLIGHT SYSTEM ACOUSTICS

7.1 NOISE STUDY FOR DACo 914.4 m (3000 ft) RUNWAY ATRCRAFT

Noise predictions were made for the McDonmnell/Douglas 914.4 m (3000 ft)
runway aircraft employing four QCSEE UIW engines. The predictions were
based on aircraft data (trajectory, flap angles, power settings) supplied
by Douglas (see Appendix B) and corresponding General Electric engine cycle
data. A 25° ¢ (77° F) "acoustic standard day'' was assumed. Noise objectives
and measuring points are shown in Figure 90.

7.2 UIW NACELLE ACQUSTIC DESIGN

In order to meet the 95 EPNdB goal, the following engine noise suppres-
sion levels are necessary:

. Forward radiated fan noise — 5.0 PNdPR suppression
. Aft radiated fan noise — 6.5 PNdB suppression
] Core exhaust noise - no suppression.

The required fan inlet suppression level is obtained with a high Mach
inlet having a throat Mach number of 0.75 or greater. The inlet design
selected for QCSEE has an inlet throat Mach number of 0.79 for suppression
margin and good aerodynamic performance (see Section 3.3.1).

The rvequired fan suppression is obtainable with acoustic treatment
on the walls only. A_ fan exhaust acoustically treated splitter is not
required. Acoustic features of the nacelle designed to meet the suppression
requirements is shown on Figure 91.

7.3 SYSTEM NOISE LEVEL PREDICTIONS

At various points along the Douglas supplied flight path, predictions
of the total system (engine + jet/flap) noise levels were made, employing
the procedures outlined in Appendix I to the QCSEE Statement of Work.
Tables XXXVII and XXXVIII summarize the predictions for the 152.4 m (500 ft)
gsideline, and are representative of the peak sideline noise levels to be
measured on takeoff and approach for the Douglas aircraft. Suppression
levels typical of the nacelle in Figure 90 were assumed. The goal of
95 EPNdB for peak sideline noise is met with this suppressed system, the
peak level being 95 EPNdB on takeoff, and 90.6 EPNdB on approach. The
single engine unsuppressed peak levels are 99.5 EPNdB on Takeoff, and
94.0 EPNdB on approach as shown in Tables XXXVII and XXXVIII.
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Table XXXVII. Takeoff, Peak Noise Data Summary,

Takeoff Power [FN = 57,824 N (13,000 1b)]

152.4 m (500 ft) Sideline; 76.2 m (250 ft) Altitude
Aireraft Velocity 66,75 m/sec (129,76 knots)

Flap Angle = 30°

‘. »

e V = 248 m/sec (813,5 ft/sec)
Core
v = 209 m/sec (685.7 ft/sec)
Fan
Max, Forward Angle (60°) PNdB Max. Aft Angle (120°) PNdR
Fan Turb Comb Jet/Flap Fan Turb Comb Jet/Flap

Single Engine Unsuppressed @

61 m (200 ft} S/L (Includes

Azimuth Angle Corrections

to Jet/Flap Neise) 1.07.8 83,1 87.4 99.5 112,2 100.1 97.9 28.0

Corrections — Appendix I Procedure

Steps 1 thru 5t
152.4 m (500 £t) 8/, 76.2 m

{250 £t) Alt, Single Engine -9.1 46,7 -7.9 -8.3 -12,5 =14.0 <11.3 =120
Step 6:
4 Engines +6,0 +6.0 46,0 +6.0 +6.0 +6.0 36.0 +6.0
Fuselage Shielding ~-1.2 =-1.2 =-1.2 -1.2 -1.2 -1.,2 =1.2 -1.2
Dirt/Grass Ground -5 =~1.5 0.5 -0,5 -1.,5 ~1,5 -~0,5 -0,5
Step 7:
Inlet Cleanup ~3.0 - - - - — - -
Step 8:
Jet/Flap Relative Velocity - - - -4.5 - —-= - “4.5
Total Corrections -8,8 ~7.4 -3.6 -8.5 -9.2 =107 ~7.0 -12.2
Corrected Levels (Unsuppressed) 99.0 85.7 93.8 91,0 103.0 89.4 90,9 ° 85.8
Suppression -5,0 - - - -6,58 - - ——
Suppressed System Levels 94,0 85.7 83.8 91.0 96,5 89.4 20.9 85.8
Step 10: Max. Forward Angle (60°) PNdB Max. Aft Angle (120°) PNAB
Sum Constituents .

- TUnsuppressed 100,5 104.5

- Suppressed 97.1 99,3
Step 11
PNAB to EPNdAB EPNdB

~  Unsuppressed 99,5
, = Suppressed 95,0
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Table XXXVIII,

s Approach Power [FN = 34,939 N (7,855 1b)]

Approach, Peak Noise Data Summary.

s Takeoff Fan Speed
. 152:4 m (500 ft) Sadeline; 36.6 m (120 £t) Altitude

® Aircraft Veleocity 50.45 m/sec (98.1 knots)

s Y¥lap Angle = 48°

s V
ore
V.

= 186 m/sec {609.8 ft/sec);
n = 160 m/sec (525.4 ft/sec)

Max: Porward Angle {(60°) PNdB

Max., Aft Angle (120°) PNdB

Fan Turb Comb Jet/Flap Fan Turb Comb Jet/Flap
Single Engine Suppressed @
61 m {200 £t) S/L {Includes
Azimuth Angle Corrections
to Jet/Flap Noise) 100.5 87.2 83.9 96,6 105.7 87.0 94,3 92,0
Corrections - Appendix I Procedures
Steps 1 thru &3
152.4 m {500 ft) S/L, 36.6 m
{120 £t) Single Engane -10.2 -11.6 -8.7 ~9,2 -12,7 =14,1 -16.9 -12,0
Step 63
4 Engines +6,0 46,0 +8,0 +6,0 +6,0 +6,0 46,0 +6.0
Fuselage Shielding ~1,2 ~1,2 -1.2 ~1,2 -1.,2 -1.2 -1.2 -1.2
Dirt/Grass Ground -1.5 -1.5 -0.5 -0.,5 -1.5 ~1.5 =-0.5 -0,5
Step 7:
Inlet Cleanup -3.0 fiad - - - - bl -
Step 8:
Jet/Flap Relative Velocity - - - ~-2,6 -— -— - -2,6
Total Corrections -9,9 -8.3 -4.4 =-7.5 ~9.4 -10.8 -6.6 -10.3
Corrected Levels {(Unsuppressed) 90.6 78.9 79.5 89.1 96.3 86.2 87,7 81,7
Suppression -5.0 - -- —— -6,5 - - -
Suppressed System Levels 85.6 78.9 79.5 89.1 89.8 86.2 87.7 B1.7

Step 10:
Sum Constituents
- Unsuppressed

- Suppressed

Step 11:
PNdB to EPNdB
e Unsuppressed

e Suppressed

Max. Aft Angle (120°) PNdB

Max, Forward Angle {60°) PNdB

93.¢
9l.¢

97.8
3.9

EPNdB

94,0
90.6
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The predicted system noise levels along the sideline, along with those
for a direct flyover, were used. to generate the estimated noise contours
for 90, 95, and 100 EPNdB. These contours are presented in Figure 92 both
for the suppressed and unsuppressed engines.
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e 914.4 m (3000 ft) Runway Aircraft
e Douglas Aircraft Flight Path
25° ¢ (77° F) Standard Day -

EPNAB Contour Areas in km2 (Acres)

Unsuppressed Suppressed
Contour Takeoff Approach Total Takeoff Approach Total
90 29.2 (7213 7.1 (176) | 36.3 (896) | 15.1 (374)| 5.1 (126) | 20.2 (500)
95 12.7 (314)] 3.6 (90} ] 16.3 (404) 6.3 (155)] 2.4 (59) 8:7 (214)
100 5.4 (133)| 1.5 (37| 6.9 (170)| 2.4 (60)| 0.9 (22) | 3.3 (82)
Runway Centerline Distance, £t x 1000 ,
-6, -4 -2 0 2 4 4] 8 10 12
s 610 1 | | | | | | | T | 2000
§ | Unsuppressed B
g
o
)
[n) — -
] Q____;‘-___ Ly
I _
o Suppressed
= 610 | | | | 1 [ ! I ! | 2000
~1.83 -1.22 -0.61 0 0.81 1.22 1.83 2,44 3.05 3.66

Figure 92,
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8.0 ECONOMICS

8.1 PAYLOAD-RANGE AND DIRECT OFERATING COST

Payload-range performance for the airplane is shown in Figure 93 for
three operational condtions:

. Design takeoff gross weight: M = 0.7 cruise
. Maximum takeoff gross weight: M = 0.7 cruise
® Maximum takeoff gross welght: long-range cruise speed

Maximum payload consists of 162 passengers and bags at 91 kg (200 1b)
each plus 1588 kg (3500 1b) of cargo. All fuel is carried in the wing -
outside the fuselage. Maximum fuel capacity is 18,600 kg (41,000 1b).
With this amount of fuel, ferry range exceeds 3700 km (2000 Nm).

Figure 94 shows how direct operating cost (DOC) varies with stage
length. The airplane reaches the maximum gross weight limit at 1389 km
(750 Nm). TFor longer stage lengths, payload must be reduced as fuel is
increased so that this gross weight is not exceeded. The
payload causes DOC to increase.

A breakdown of the direct operating cost for the design point is shown
in Table XXXTX. Fuel cost is the largest single contributor to DOC, .making
up almost a third of the total. A fuel cost of 7.93 cents/liter (30 cents
per gallon) was used in the calculations. The following method, based on
the operating experience of Douglas customers, was used for calculating
DOC. QCSEE engine maintenance requirements are assumed to be the same as
those of current turbofan engines. All costs are in 1974 dollars.

¢/ASNM = ($/flight) x 100/NS/R

where:
Ns = number of seats = 162
R = stage length Km (N)

Trip cost in $/flight is made up of the following components:
Crew:
$/flight = 1.504 [TOGH(5 x 107°) + 100] tp
where

maximun takeoff gross weight kg (1bs)
block time (hr)

TOGH
th
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DOC, ¢/ASkm
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Component

Crew

Insurance
Depreciation

Fuel

Adrframe Malntenance
Engine Maintenance

Total

Table XXXIX, Direct Operating Cost Breakdown.

(¢/ASKM
(¢/ASMM

i

-

§/Fit Cycle

230
73
499
346
223
_267
1843

1.23)
2.27)

Percent of Total

12
4
27
30
12
15
100



Insutrance:
§/flight = ICs tp/U
wheré
I = annual insurance rate = 0.01
C¢ = total aircraft first price ($) = 13.2 x 106 for

design point
U = annual utilization (hr/yr) = 2555

Depreciation:

$/flight €1 - R) (Cg Kz + N Cg Kp) tp/BD/U

where
R = residual value ratio = 0.1
Ca = airframe price (§) = Ct — NeCe
Kg = airframe spares factor = 1,06
Ne = number of engines = 4
Ce = bare engine price (8) = 1.063 x 106 for design point
Ke = engine spares factor = 1.3
D = depreciation period (yr) = 15

Maintenance -~ Airframe
Labor: (includes burden)

($/£1ight = L, Wy (1.942 x 1074 =~ W, x 6.9 x 10710) x-
(tg+ Wy x 1.54 x 1072 - 0.606)

where
Ly = labor rate ($/hr) = 7.20
Wy = aircraft empty weight less engines (1b) = 89,460 for
design peint
tf = flight time (hr) = t} - 0.13333
Materials:

§/£light = 1.75 x 107° ¢, (tg + 0.95 + 9.06 x 1075 wy)
Maintenance — Engines
Labor: (includes burden)

$/flight = 1.68 Ne Ly (tf (1 + T/60,000) + 0.5)

where

T

rated thrust per engine
81,400 N (18,300 1bs) at design point
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Materials:

$/£light = 23.6 Ny Ce (tg + 0.33) 10_6
Fuel
§/flight = Cf Fp/655
where

C¢ = fuel price = 79,26 ¢/cnm (30¢/gal)
Fp = block fuel (1b)

A 463 km (250 NMi) flight cycle representative of an average opera-
tional mission is shown in Figures 95 and Table XL. Note that this specific
mission is slightly less severe, in turns of engine duty cycle than the
general requirements mission in Section 4.1. Mach number, pressure altitude,
and engine net thrust are plotted as a function of time. Cruise Mach
number is 0.70 at 7620 m (25,000 ft). A noise-~reduction-procedure thrust-
cutback is included in the climb portion of the mission.

Figure 96 compares the fuel burned per seat-mile feor the QCSEE aircraft
with two aircraft currently in service, the DC-9-30 and the DC-10-10. In
terms of fuel consumption, the QCSEE aircraft is as good as or better than
the DC-9 and DC-10 for stage lengths below 1389 km (750 NMi). Cruise Mach .
numbers are: QCSEE, M = 0.70; DC-9, M = 0.78; DC~10, M = 0.82. Fuel con-
sumption for all of the aircraft would decrease slightly if they were flown
at their long range cruise speeds. '

"8,2 PROPULSION-RELATED TRAUE FACTORS

Trade factors or sensitivity factors in terms of aircraft gross weight,
fuel burned, and direct operating cost at 926 km (500 NMi) were .calculated
to assess changes in engine weight, cost, and SFC,

A 10 percent increase in bare engine weight will increase

TOGW by 1.4%
Block fuel by 1.0%
DOC by 0.5%

A 10 percent increase in bare engine cost will increase
DOC by 2.0%
A 10 percent increase in climb and cruise 5FC will increase

TOGW by 1.9%
Block fuel by 9.8%
DOC by 3.4 Z

The aircraft if most sensitive to SFC due to the high fuel price
79.26¢/cu m (30¢/gal).
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Table XL. Typical Flight Cycle 463 km (250 NMi) Mission,
Altitude
Segment m ft Mach No. Thrust Time, min, Time, %
Start 0 0 0 0,50 1.0
Taxi 0 0 0~ 0,03 Ground Idle 5.00 6.2
Takeoff 0 - 305 0 - 1000 0.02 - 0,25 Takeoff 0.85 1.8
Noise Reduction
Thrust Cutback 305 - 762 1000 ~ 2500 0.25 - 0,37 -65% Takeoff 1.65 3.4
Climb 762 - 7620 [ 2500 - 25,000 0,37 - 0.70 Max. Continuous 10.74 22.3
Cruise 7620 25,000 0.70 ~80% Max, Cruise 16,68 34.6
Descent 7620 - 762 | 25,000 -~ 2500 0,70 - 0.30 Flight Idle 10,38 21.6
Approach 762 - 0 2500 - O 0,30 - 0,15 Flight Idle - 2,02 4,2
-65% Takeoff -
Landing o 0 0,15 - 0.03 | Full Reverse 0,24 0.5
Taxi 0 0 0,30 - 0,0 Ground Idle 2,11 4.4
Total 48,17 100%




861

Fuel Burned Per Seat-Mile, kg.seat kn
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9.0 ALTERNATE NACELLE CONCEPTS

9,1 BOTTOM-MOUNTED ACCESSORIES CONCEPT

A study was made to identify the impact on the baseline airplane of
moving the accessories to the bottom of the engine. The concept, depicted
in Figure 97, envisions the internal passages of the pod and engine to be
like the baseline QCSEE, except that a streamlined strut is provided at
the 6 o'clock position in the fan' outlet to enclose the umbilical of ser—
vices that join the engine accessories to the core.

The exterior of the pod is identical to the baseline QCSEE except that
a fairing is added to enclose the engine and airplane accessories, grouped
at the bottom of the fan frame.

To minimize the size of this "accessory bump", and to reduce congestion
in the accessories zone and also to provide a more favorable operating
environment, the engine lube tank and digital control are located atop the
fan frame, as in the baseline QCSEE concept.

The accessories fairing is shown extending beyond the fan nozzle to
obtain an acceptable boattail angle on the afterbody without resorting to
increasing the length of the fan duect, which would have caused a cascade
of changes occasioned by moving the engine forward to maintain the desired
gap between the fan nozzle and the wing leading edge. The fairing extension
introduces the need to make provisions for a flap edge seal as is done for
the nozzle flap/pylon intersection. In addition, the presence of the fixed-
geometry fairing at the bottom of the nozzle reduces the area. change attained
when opening the nozzle. Thus the nozzle flap system would be modified to
increase the flap deflection to attain the area needed for takeoff and for
reversing.

For this study, the accessories arrangement was based on using the
angle drive, transfer shaft, and accessories gearbox from the CFM56 engine.
It was assumed the services (wire harnesses, hydraulic plumbing, fuel lines,
starter turbine air supply duct, electric power feeders, etc.) needed to
link the airplane and accessories section could be accommodated in cavities
at the rear of the fan frame. This concept is shown in Figure 98. The
concept envisions that access covers on the exterior surface, would be
provided to close the cavities in the fan frame that house these services.
The fuel tube shroud drains and the accessories shafts seal drains would be
connected to a drain mast protruding from the bottom of the accessory
fairing as is typical of current practice with airplanes such as the DC-10.

The accessory fairing is split and latched on the bottom .centerline. The
two fairing halves are hinged to the fan frame so the accessories can be
exposed for servicing as shown in Figure 99. The section of fairing extend-
ing beyond the fan frame is carried on the fan duct cowl panels. Since no
equipment components are located in the section, these are merely dummy
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fairings appended to the fan panels. The space in the leading edge section
of the fairing, which underlies the inlet duct has been utilized to house

the fire extinguisher agent containers. This serves to simplify the fire
extinguisher distributor system by locating the agent containers imme-
diately adjacent to the accessory compartment (in a space isolated by a burn-
through resistance bulkhead) and by eliminating the need to make the distrib-
utor system traverse the engine/airplane interface, as it would need to do if
the agent containers were retained in the wing leading edge as in the top-
mounted accessories concept.

The width of the pylon upper fairing was reduced from the 50.8 ecm (20 in.)
needed to accommodate the QCSEE accessories in the baseline concept to the
40.6 cm (16 in.) needed to fair the 40.6 cm (16 in.) wide pylon beam. The
profile of the fairings was lowered as permitted by the removal of the engine
and airplane accessories. An assessment of the propulsion system drag indi~
cated that the changes made to the pylon upper fairing width and profile
reduced that component of the drag enough to offset the increase attrlbutable
to the accessory fairing added to the bottom of the pod.

The weight chargeable to the propulsion system increased 103.4 kg
(228 1b). The airplane was then resized to maintain the capability to
operate on the 914.4 m (3000 ft) runways, This process showed these
changes occur when the accessories are moved to the bottom of the fan frame.

Wing area increases 0.67

Operator's empty weight increases 0.4% (190.5 kg) (420 1b)
Design TOGW increases 0.3% (195.0 kg) (430 1b)

Mission fuel burn increases 0.1%

birect operating cost (DOC) increases 0.3%

Maintainability of the Bottom—Mounted Accessories Variant - The study
indicates the maintenance burden increases as a consequence of the addi-
tional man-hour effort needed to prepare a new engine, or one coming from
overhaul, for installation on the wing. The effect iz also felt when it is
necessary to strip an engine that has been removed for overhaul. The
presence of the airplane accessories on the quick engine change unit (QECU)
creates congestion, which can be expected to reduce the efficiency of
inspection and maintenance actions and thus further increase the maintenance
burden.

To help put this discussion in proper perspective, the components added
to the QECU when the accessories are located at the bottom of the fan frame
are listed below.

Hydraulic Pump
Suction, pressure, and case drain lines
EDV wire harness

Filter module and pressure sensing wire harness
Related attachment hardware
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Aiy Turbine Starter

Control valve

Wire harness

Related attachment hardware

Air supply duct-

Related clamps and attachment hardware

60 KVA IDG

Power feeders

Generator control wire harness

Decoupler wire harness

0il cooler and related tubes and fittings
Condition sensor wire harness

Related clamps and attachment hardware

Fuel

Fuel supply tubes
Fuel bypass tubes
Related fittings, clamps, and attachment hardware

Controls

Throttle push-pull control
Fuel shutoff push-pull control
Related brackets, cranks, and attachment hardware

Fire Extinguishers

Fire éxtingisher agent containers
Actuation wire harness

Distributor tubes

Related clanips and attachment hardware

Fire Detector

Heat sensor
Related clamps, brackets, and attachment hardware

Drains

Drains mast
Tubes, brackets, fittings, and attachment hardware

The bottom-mounted accessories concept also has significant impact in the
area of the engine/airframe interface by adding the numerous fluid carrying
tubes and ducts and wire harnesses related to the hydraulic pump, pneumatic’
starter, power generator and its constant speed drive, and the fire detection
and suppressuion systems. These additional interface connections represent
an increase in the work load related to changing an engine, and a decrease
in Subsystem reliability.
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Hydraulics

Pump suction line

Pump pressure line

Case drain line

Filter pressure sensing wire harness
EDV control wire harness

Starter

Air supply duct
Control valve wire harness

Electric Power

Power feeders
Generator control and condition indicating wire harness
Drive decoupler control and condition indicating wire harness

Fire Protectiocn

Heat detector wire harness
Fire extingishing container control wire harness

Workstands - The impact of the bottommounted accessories on mainte-
nance workstand concepts was studied. The results indicate that heavy,
on~wing maintenance can be accomplished with the aid of a single level
platform of the type shown in Figures 100 and 101. This arrangement places
the workstand floor in approximately the same relationship to the engine
as is the ground to the engines on the current low-wing wide-body trans-
ports, The reduced complexity of this stand as compared with the two-level
workstand envisioned for the baseline QCSEE is apparent. The concept
retains the hinged platform sections and the absence of bracing at the
rear, to accomodate spotting an engine transport dolly below the pylon and
raising and lowering the engine as in the baseline concept.

Figures 102 and 103 indicate that the portable workstands in current
use by airlines will conveniently accommodate the needs related to perform—
ing ramp servicing and light maintenance.

9.2 REDUCED ACOUSTIC TREATMENT

A study was made to identify the impact of a reduced acoustic treatment
concept on the baseline airplane. It was determined that if the 95 EPNdB
sideline noise requirement were relaxed to 100 EPNdB, the following changes
could be made to the baseline design:

. The acoustic treatment in the inlet and exhaust passages was
eliminated,
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™ The inlet duct was shortened 30 em (11.8 in.) and the throat area
increased to reduce the Mach number to 0.62 from 0.79. The inlet
cowl maximum diameter was increased to 211 em (83 in.) to main-
tain the same 21% thick lips on the inlet as on the baseline
QCSEE inlet.

. The fan exhaust duct was shortened 33 cm (13 in.). The turbine
exhaust duct was shortened 17.8 cm (7 in.) and the nozzle plug
replaced by a turbine disc exit fairing. The concept is shown
by Figure 104. These changes reduced the weight of the pod by
88 kg (195 1b).

. The changes to the engine pod allowed the pylon to be shortened
33 am (13 in.) to maintain the desired relationship of the
exhaust stream with the EBF lifting surfaces. This reduced the
welght of the pylon (box beam and fairings) by 20 kg (45 1b).

The net effect was:

Airplane drag was reduced 372 cm? (0.4 ftz)
Propulsion system weight was reduced 441 kg {972 1b)
Propulsion system cost was reduced $140,000

The airplane was then resized to maintain the capability to takeoff
and land on 914.4 m (3000 ft) long runways. This process indicated these
to be the effects of reducing the acoustic treatment.

The wing area decreases 2.3%

The operators empty weight decreases 1.6% (771 kg) (1700 1b)
The design TOGW decreases 1.3% (907 kg) (200 1b)

The mission fuel burned decreases 1.7%

The direct operating cost decreases 1.2%

The airplane performance for the reduced acoustic treatment was cal-
culated using engine performance adjusted only for differences in installa-
tion losses resulting from the reduced treatment. It is possible that the
lower inlet Mach number would permit higher engine thrust levels during
climb and cruise. This would result in further improvements in the air-
craft, with potential noise reduction at the takeoff measuring point.
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10.0 CONCLUSIONS

The system integration studies have strengthened the conclusions
reached in earlier conceptual studies that a production derivative of the
UIW QCSEE promises to be an economical propulsion system for short-haul,
S8TOL aireraft using powered 1ift. The increased concern about energy
conservation, compounded by escalating fuel prices, has decreased the
emphasis on dincreasing cruise speeds, Studies are being addressed tao
advanced technology CTOL aircraft that achieve significant reductions in
fuel usage at current and reduced cruise speeds.

Specific conclusions applicable to a short-haul airliner fitted
with engines based on utilization of the UTW/QCSEE technology, that can
be drawn from this study are these:

Top-mounted accessories are technically sound and look attrac-
tive for high-wing aircraft. This arrangement simplifies and
streamlines the quick engine change unit and the engine/airplane
interface. There is no significant propulsion system aero-
dynamic drag difference between top-mounted and bottom-mounted
accessories configurations.

Electronic controls offer the means by which the complex vari-
able geometry features can be accommodated without increased
pilot work load.

'The thrust available from QCSEE for takeoff, climb, and cruise

is well matched to the requirements of the baseline short-haul
powered-lift airliner and consistent with the projected
commercial aircraft requirements of the mid 1980's.

The inlet geometry required for satisfactory inlet operation
dictates an internal lip radius of Rgp/Ri = 1.21 and a lip shape
in form of 2:1 ellipse. External cowl with a DAC-1 shape having
Rur,/Rpax = 0.90 and cowl length ratio of X/Dy,, = 0.22 is
required.’

This external cowl shape will provide good internal-performance

at high angle—of-attack conditions and also exhibit low external
drag at cruise and at engine-out takeoff-climb conditions. This
can be attained with a cowl having a maximum dlameter no larger

than that of the QCSEE integral fan frame.
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For efficient powered-l1lift and cruise performance, the nacelle
position relative to the wing should be with the engine thrust
axis parallel to the wing reference plane, the fan nozzle 20
percent of the wing chord ahead of the wing leading edge, and
the fan exhaust clearing the drooped leading edge and entering
the flap slots in the high-lift configuration.

Ground handling qualities of baseline short-haul airplane would
be acceptable with idle thrust level of 3469 N (780 1b)/engine
or approximately 4.5% of takeoff thrust.

Stopping the baseline airplane on a 914.4 'm (3000 ft) long.

. runway without brakes requires a thrust reversing effectiveness
> 0.35.

The proposed QCSEE air bleed capacity meets the baseline airplane
demand, however special valves and operating procedures ake
required based on predicted QCSEE Experimental Engine capability.
A flight system may require additional capability to assure
economical commerical operation at all conditioms. '

Structural acoustic panels and the use of composite materials
regulted in significantly reduced nacelle component weights -
QCSEE~type inlet 25 to 20% lighter than equivalent metal "state-
of~the-art" inlet.

The thin-wall nacelle and relatlvely small maximum nacelle
diameter for a 180. 3 cm (71 in) diameter fan result from the
high Mach inlet and the integration of nacelle and engine °
components.

A radiation shield, plus under cowl fan cooling air, is requireéd
in the after area of the core cowl to keep the cowl door temp-=
eratures within the operating limits of polymeric composities.

The variable fan nozzle provides an-efficient and unique method
of controlling forward thrust and providing sufficient airflow
for the reverse thrust mode.

Frequent exposure of nacelle components to the possibility of
incidental damage resulted in the sélection of Kevlar 49
because of its greater toughness. Glass and/or graphite is
used in areas reduiring higher strength or stiffness.

The proposed compressor discharge bleed limit results in a
deficiency of sufficiently hot bleed air for ice protection at
some altitude holding conditions. Unless the limit can be
relaxed durlng these conditions, it will be necessary to adopt
special engine operating procedures and fto develop a more
complex air bleed control gystem.



Interstage bleed pressure during some cruise conditions is lower
than is typically supplied to the air conditioning systems of
contemporary aircraft. This will require the use of compressor
discharge bleed during these conditions, with attendant SFC
penalty, unless some other way can be found to resolve the problem.
3
Separate compressor bleed ports for interstage and compressor
discharge air (as opposed to coaxial ports) are needed for
compatibility with practical bleed system concepts.

A separate compressor discharge bleed port, dedicated to engine
inlet ice protection only, is needed.

Special areas of interest requiring further development and/or
demonstration:

Identify characteristic of thrust transient during change from
approach to reverse thrust.

Wind tunnel model testing to identify airplane lift and drag
characteristics in the reverse thrust mode and in presence of
a ground plane,

QCSEE propulsion system with EBF wing section in the proximity
typical of an EBF powered-l1ift airplane to obtain measurements
of the acutal heating effects of the turbine exhaust stream.

Further study of the standby generator concept toc determine
whether a standby IDG should be running at no-load condition
or be at rest, decoupled from the accessory gear box with, for
instance, a f£ill and drain fluid coupling.

Further study to develop concepts that will assure compatibility
between the environmental control and ice protection system air
bleed demands, and the proposed engine bleed capacity.

Configuration changes to provide independent interstage and
compressor discharge bleed ports (for environmental control

and airframe ice protection) and a separate compressor discharge
bleed port for engine inlet ice protection.

Further study of geared engine heat rejection rates and fuel

tank heat dissipation capacity to ensure adequate oil cooling
at all flight conditions.
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APPENDIX A

AMERICAN ATIRLINES

OPERATIONAL SCENARIO AND GENERAT, REQUIREMENTS
FOR MULTI-ENGINE STOL PASSENGER TRANSPORT
AIRPLANE FOR INTRODUCTION IN 1980-1982

This document was used as a guideline in the
baseline aircraft sizing study.

February 13, 1974
(Revised 4/10/75)

PRECEDING PAGE BLANK Nog FILMED
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1.0 GENERAL

The following is intended as a guide to airplane/engine manufacturers
gubmitting design studies for a large multi-engine, short-medium range
high reliability transport: These requirements will be used as a basis
for evaluating the qualities of such designs and each submittal should
address itself to them, In the event a particular design does not meet
one or more of these requirements, cogent reasons and justification for
non-compliance should be included in the submittal.

The basic configuration of the airplane shall be tailored for the
carriage of passengers. The economy and utility of the airplame should
not significantly be compromised by considerations for carriage of cargo.

With due regard to the restraints imposed by the detailed recommenda-
tions made below, the airplane is expected to have a capacity of 150 to 170
passengers in a 100Z Coach Class at 91.4 cm (36 in.) pitch. The airplane
will be used to expand commercial airline service into smaller airports
where such service is not currently available and it must therefore be as
quiet as is techmically reasonable.

2.0 MISSION REQUIREMENTS

The airplane should be capable of operating regularly non-stop design
missions, similar to the following, with a full load of passengers, plus
their baggage and 1587.6 kg (3500 1lbs) of cargo in belly containers.

{a) New York - Detroit
(b) New York — Chicago

‘The requirements given below give.quantitative technical defi-
nitions consgistent with the above policy.

2.1 The airplane should be capable of carrying a payload of (N x 200) +

1587.6 kg (3500 1bs) - where N is the number of passenger seats in a full
coach class interior - over the ranges and under the conditions tabulated
on the following page.

2.2 Fuel Reserve {Standard)

The total fuel remaining over intended destination shall be assumed
to be the sum of the following fuel quantities:

i, Fifteen minutes holding at 1.52 km (5000 ft), at best holding
speed, calculated at the predicted destination landing weight.

2. Commencing at predicted destination landing weight, climb from
Sea Level at the preferred climbing speed and cruise at not less
than 4.57 km (15,000 ft) at preferred Mach number for; a total
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NYC-DIW NYC-CHI

Equivalent Still Air 1250 km (675 NM) 1250 kg (675 NM)
Distance (NM)

Assumed T/0 Runway Length 914.4 m (3000 ftr) Greater than 914.4 m

Available (3000 f£t)

Takeoff Elevation 0 0

Takeoff Ambient Temperature 305.6° K (90° ) 305.6° K (90° F)
Enroute Ambient Temperature ISA + 10° C ISA + 10° C

Cruise Mach Number 0.65 Min 0.65 Min

Cruise Altitude Not Less Than Not Greater Than

) 7.62 km (25,000 ft) 9.45 km (31,000 ft)

Fuel Reserves See Para 2.2 See Para 2.2

#Note: Cruise Mach number should be optimized on the basis of
maximum seat miles per 378.5 m3 (100,000) gallons of
fuel consumed.

diversion distance {(climb and cruise) of 277.8 km (150 ®Mi). No
descent allowance.

3. Forty-five minutes holding at 1.52 km (5000 ft), at best holding
speed, commencing at the weight corresponding to the end of

diversion cruise.

2.3 TFuel Capacity

Sufficient fuel tankage at 779 kg/m3 (6.5 ppg) shall be provided in
the wing structure to permit loading the airplane to maximum takeoff weight
at a zero fuel weight equivalent to a weight no greater than the EOW plus
50% of the space limited payload.

2.4 TFuel Tank Location

No fuel tankage shall be permitted outside the wing box in the wnder-
floor area of low wing designs or center wing areas of the aircraft on
high wing designs.

3.0 EXTERNAL NOISE CHARACTERISTICS

3.1 UNoise

The airplane shall be capable of complying with the appropriate noise
regulations as called for by Federal statutes at the time of applicatiocn
for an original type certificate or when revenue service is initiated,
whichever are the more stringent.
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3.2 The takeoff climb flight paths used to show compliance with the
above requirements shall not require a pitch angle, that is, the angle
bétween the passenger cabin floor and the horizontal, greater than that
necessary to achiéve aircraft optimum climb performance (goal 20 degrees

maximum): .

3.3 The overall sound pressure levels and speed interference levels .in
the control cabin and passenger cabin, at altitudes and speeds specified
below, and with representative engine cruise thrust on both engines
typical-airline interior configuration, and with standard materials,
should not exceed the following values:

Pressure Altitude, km, (ft) 9.4 (31,000) 6.1"(20,000)
Speed - . 0.74 Mach 0:.65
db QASPL SIL QASPL - _EEE'
Pilot's Seat, Head Level 85 67 0 74
First Class Window Seats,

Head Level 82 62 81 69
Tourist Class Window Seats,

Head Level 90 65 89 69

4.0 APPROACH AND LANDING PERFORMANCE

4.1 The following requirements shall be met in the landing configuration
with maximum landing flaps and at maximum landing weight with and without

propulsive 1ift:

1. Stall speed (Vélg} shall not exceed (TBD) Kts. EAS.

5.0 POWER PLANTS

Engines of the high bypass fan type in the 88,960 N (20,000 1b) ‘thrust
size are recommended. Maintenance features directed at minimizing the
eigine servicing time are necessary. Special attention shdll be given to
the starting system, reverser system and instrumentation to maximize re-
liability. The cost for a delay shall be considered to be 300 dollars for
up to 10 minutes, 700 dollars for 20 minutes and 2,000 dollars for 30
minutes or over. The requirements set forth in NASA CR-12134, as amendéd
for STOL peculiar requirements, shall be used as a general guide in system
design and program planning. Final engine design and selection must give
due consideration to the following:

a. long term specific fuel consumption performance retention
capability

b. noise characteristics .

c. pollution emission (visible and invisible) as specified by EPA
and/or FAA requirements



durability, reliability

. low maintenance costs

. applicability to other aircraft as a total propulsiomn system
. long term warranties

0o Fh O o

5.1 The engines should be able to provide rated takeoff thrust automati-
cally at. full throttle, at any ambient temperature and altitude, approved
for takeoffs. The aircraft shall also be certificated for reduced thrust
takeoffs of not less than 10% of rated thrust with a goal of 20% rated
thrust according to the available performance margins. Certification and
appropriate power setting procedures for reduced power takeoffs shall
cover ambient temperatures up to at least ISA + 5° C (+41° .F), and

thrust levels from maximum takeoff thrust down to maximum climb thrust
for all takeoff altitudes. It shall be possible to obtain the reduced
takeoff thrust with the throttle at the tagkeoff thrust within two seconds
from the appropriate ground and £light idle positions is desired.

5.2 It shall be a design goal to actuate the thrust reversing system from
the forward full thrust position to the reverse full thrust position, and
vice versa, within one second at all speeds on the ground, up to the maxi-
mum touch down speed for a no-flap landing, and to obtain maximum available
thrust relative to the thrust lever position within a total elapsed time of
five seconds. In addition, actuation out of reverse in flight shall be
possible up to at least 102.9 m/r (200 knots) indicated airspeed at all
altitudes. Due consideration must be given to the impact of reversible
pitch fans and the consequences of inadvertent reversal in flight and suit-
able protection measures must be provided. Consideration should also be
given to the use of reverse thrust in flight for achieving aircraft
deceleration and high rates of descent, particularly in the approach mode.

5.3 It is particularly important that the engines be protected against
ingestion of foreign objects during all phases of flight operations. BRe-
sorting to operating procedures to provide this protection, partlcularly
during thrust reverser operatlon, shall be minimized.

6.0 OVERALL DIMENSIONS

The overall dimensions of the airplame should be in the order of:
- a wing span of 32.9 m (108 ft)

~ an overall length of 48.8 m (160 £ft)
-~ an overall height of 17.5 m (57-1/2 ft)
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7.0 GROSS WEIGHT/AIRPORT COMPATIBILITY

At a weight 5% in excess of the ramp weight required to perform mis-
sion 'B', with the center of gravity in the most adverse location, and
with all other relevant items in the most adverse configuration (e.g.,
tire pressure, etc.), the airplane shall be capable of operating on all
taxiways, runways, (including pier structures), aprons, etc. at LGA air-
port, without restrictions in maximum allowable taxi or takeoff weight due
solely to pavement loading limitations. '

7.1 All external serviciné connections shall be physically interchangaable
and compatibly locatéd on the airplane with respect to fixed and portable
airport facilities which will service B727 and DC-9 aircraft.

7.2 All passenger, cargo, and galley service doors shall be positioned
horizontally and vertically such that they are compatible with fixed B727
and DC-9 terminal facilities.

8.0 INTERIOR ARRANGEMENT

8.1 Provisions shall be made to vary the percentage mix between First
Class, and Coach passengers and to vary the seat pitch. First Class/Coach
ratios between 0 and 30% should be considered, with seat pitches varying
between 81.3 cm (32 in.) and 101.6 cm (40 in.).

8.2 A single deck passenger cabin is preferred.

8.3 Passenger compartment aisle(s) should not be less than 30.8 em (20 in.)
wide,

8.4 Seat units may incorporate more than 2 seats; i.e., the basic interior
may include triple seats or adjacent double and/or single seats. If
triple seats are used, minimum overall seat width should be not less than
165.1 em (65 in.) [i.e., 747 triple seat]. Consideration should also be
given to increased seat pitch, and/or improved seat design, to provide
equivalent passenger comfort and adequate in/out access for window seat
passengers. Adjacent seat units, if installed, shall not be closer than
(TBD) inches, between armrests, to provide for tables and stowage.

8.5 Emergency evacuation provisions should meet all requirements of the
latest FAR. .

8.6 An Adequate number of lavatories should be provided. The formula
N-20/40 + 1, where ¥ is the total number of passenger seats in the basic
mixed class configuration prodvides guidance on the number required,

8.7 Galley capacity, where required, should be sufficient to provide meal

service to the same standards as provided on B727 and DC-9 on a per passen-
ger basis. The design should consider handling all food servie from carts.
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8:8 Coat hanging space equivalent to 1.8N cm (0.7N inches) should be pro-
vided, where N is the total number of passenger seats in the basic mixed
class condiguration.

8.9 Consideration shall be given to the incorporation of under seat over-
head and special interior baggage storage racks for all baggage on the
short~haul service. These provisions should be arranged to permit rapid
and convenient access by enplaning and deplaning passengers using either
one pair or two pairs of-opposing passenger entry doors.

8.10 An airstair system shall be provided to rapldly load and unload
passerigers.

9.0 BAGGAGE AND CARGO HANDLING

All passenger baggage shall be considered to be of the carry-on type. !°
A preloaded cargo handling system shall be provided to accommodate 14.15 m
(500 £t3) of cargo. Consideration should be given to having the system
capable of accepting LD-3 type containers. If the containers specified for
the airplane are not actually LD-3 type containers, they should be inter-
changeable with the LD-3 type, and must be capable of being carrled by
DC-10, B747 and L-1011 aircraft.

9.1 ‘The cargo containers shall be fuselage structure constrained without
the requirement for locking devices, except for a doorway roll-out-stop.

9.2 The cargo handling/container system shall be designed so that con-
tainers can be loaded and unloaded by one man at each compartment opening,
external to the opening.

9.3 Cargo doors shall be outward opening, canopy type, on the right-hand

side of the airplane and incorporate positive latching to prevent opening
in flight.

10.0 OPERATING FEATURES

10.1 The aircraft may normally operate from a parallel parked positiom
with ground level passenger loading, Consideration should alsc be given
to making the aircraft compatible with existing nose-in parking, second
level loading for B727 and DC-9 aircraft.

10.2 The airplane shall be capable of a 20 minute through flight, or a
30 minute turn as a maximum.

10.3 Consideration shall be given to a self-contained means for backing
the aircraft from its parked position.
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10.4 Ground Maneuvering

1. The aircraft shall be capable of easily executing a 180° turn
within a maximum pavement width of (TBD) feet, at its maximum
taxi weight, with its center of gravity in the most adverse
logcation. The radius of the circle described by the extremity
of the aircraft's planform under these condifions shall not
exceed (TBD) feet. Best efforts shall be exercised to achieve
significantly lower turning. radii than these specified maxima.
Additionally, it shall be a design goal to achieve these charac-
teristics with a nose landing gear position Yocated as nearly as
possible below the pilots' seats to aid in visually taxiing the
aircraft. )

2. The aircraft shall be capable of executing the turn of paragraph
10.4,1 from a standing start on a level dry pavement, with cold
tires, at thrust- levels that will not cause jet blast velocities

_in excess of 35,1 m/s (115 fps) along a line perpendicular to
the aircraft centerline passing through the rearmost point on
the aircraft, or 25,9 m/s (85 fps) along a line perpendicular to
the aircraft centerline, and 15.2 m (50 ft) aft of the rearmost
point on the aircraft, It shall be a design goal to achieve
levels no greater than 27.4 m/s (90 fps) and 18.3 m/s (60 fps)
at these locations, respectively.

10.5 Special consideration shall be given to providing redundancy and
fault isolation capability in the aircraft systems to an extent sufficient
t'o ensure that mechanical delays are minimized, and to provide operational
characteristics, performance capability, and airworthiness characteristics
with all engines operating comparable, insofar as practical, to a four
engine aircraft with all engines operating, and in the case of an engine
out, to a four engine airplane with one engine out.

10.6 Any major component (i.e. engine, LRU, etc.) should be replaceable
within a four hour pericd.

10.7 The airplane shall be designed for a Vp,/My, of not less than (TBD).

10.8 The airplane shall be designed to be fully operational by a two man
cockpit crew, but with separate and sufficient controls and systems moni-
toring devices for adequate fumctioning of a third crew member. At least
one observer seat should also be provided and should be suitably positioned
for check-training supervision.

10.9 The airplane shall be equipped with automatic spoiler extension for

landing and aborted takeoffs, and with automatic safety retraction for
go-aroumd. The system should be similar to that of the B747-123. '
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10.10 Cockpit design shall pay particular attention to the requirements
of SAE ARP 268D, Location and Actuation of Flight Deck Controls for Com~
mercial Transport Type  Aircraft; and SAE AS 580A, Pilot Visibility from
the Flight Deck -~ Design Objectives for Commercial Transport Aircraft.

The airplane shall be designed to display the highest state—of-the-
art in flying qualities and be certified for Category II operaticn prior
to initial delivery. In addition, the system should be designed to anti~
cipate Category III operations by being configured to facilitate post
delivery modification, or incorporation of the fcllowing features:

= Best state-of-the—art autoland autopilot system
(preferably fail operative)

~ Control (force) wheel steering

— Automatic directional and lateral control guidance
throughout takeoff and landing roll

~ Automatic pilot go-around, pilot initiated

~ Provisions for dual, windshield glass type flight
director heads—up display

- Automatic wheel braking system, pilot adjustable for
desired deceleration

- Electronic attitude director indicator incorporating
visibility enhancement presentation. Color CRT pre-
ferred for symbology.

10.11 The main landing gear shall incorporate features designed to make
the airplane land soft, It should be possible to land the airplane at
substantially higher sink rates than are average on current jet aircraft
without incurring greater than average normal vertical accelerations (G's).
A minimum normal acceleration of 0.4G at a minimum sink rate of five feet
per second is suggested as a criteriom.

11.0 OTHER REQUIREMENTS

11.1 The maximum Design Zero Fuel Weight shall not be less than the sum
of 110%Z the Operating Weight Empty and the space limited payload. The
space limited payload is defined as: 200M + 10 [total containerized +
bulk (if any) baggage and cargo voluumﬂ where N is defined as the total
nunmber of passenger seats in the basic mixed class configuration and
baggage/cargo volume is in cubic feet.
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The maximum Design Landing Weight shall not be less than the sum of
1107 of EOW plus space limited paylcad plus the ‘fuel reserves of paragraph
2.2. Consideration should also be given to the possible requirement to
through fuel at one or more statioms for operational or economic reasons.

11.2 Cabin differential pressure shall not be less than (TBD) p.s.i.

11.3 For performance calculation purposes, the total cabin air bleed in
cubic feet per minute will be assumed to be 20 times the number of passen-—
ger seats in the maximum coach configuration. Power extraction ecorresmond-
ing to an electrical load of 100 kW should be assumed.

11.4 Space and wiring provisions should be included for a pictorial map
type display centrally located and visible to both pilots, and which could
be operated by either of two area navigation type computers.

11.5 Space, Wiring, and structural provisions should be included for a
performance recorder and maintenance monitoring system.

11.6 High intensity coded anti-collision condenser dlscharge type external
lighting shall be provided.

11.7 Con51derat10n should be given to assuring the quietness of'operation
of all systems and mechanically functioning components of the airplane as
perceived within the airplane.

11.8 The aircraft should be equipped with inflight speed brakes which will
not induce longitudinal or lateral trim changes, or otherwise adversely
affect flight characteristics, over the entire design flight envelope.

Such brakes shall be usable at all airspeeds and will not result in notice-
able or objectional buffeting.

11.9 Consideration should be given to incorporating an inerting system to
afford fire and explosion protection to the under-floor cargo compartments,
wheel wells, fuel tznks, vents, and engines., Consideration should alsoc be
given to the use of nitrogen for maintaining oxygen in a liquid state,
should cryogénic systems be incorprated.

11.10 All elements of the engine control system and aircraft flight con-
trol system which either pass through or are adjacent to the cabin floor
or ceiling shall be protected against the catastrophic consequences that
may arise from failure or significant deformation of the floor or ceiling.

12.0 LOADABILITY

Using the passenger seating and cargo/baggage loading assumptions
defined below and with operating items in normal locatiomn, having weights
consistent with Appendix B, and subject to limitations on total load set
by design weights, the aircraft center of gravity shzall remain within



certified limits for takeoff, flight and landing under the folloﬁing
conditions:

a. Any number of passengers from zero to maximum in the First
Class compartment, plus

b. . Any number of passengeré from zero to maximum in Coach
compartment, plus

C. 13.6 kg (30 1b) of carry-on baggage per passenger for any
passenger load, plus

d. Any quantity of cargo up to 1587.6 kg (3500 1b) to be distri-
buted about the centroids of the Fforward and/or aft containers
as required to maintain the center of gravity within limits,
plus

e. Any quantity of fuel from zero to the maximum tank capacity,
except that for takeoff, a fuel quantity of less than 4536 kg
(10,000 1b) need not be assumed.

The following passenger seating arrangéments shall be covered, with
window seats occupied first, aisle seats next, and reamining seats last.

1. Passengers in each compartment, loaded from front to rear.
2. Passengers in each compartment, loaded from rear to front.

FAR regulatory allowances shall be made for adverse passenger and
crew movement in flight and for gear and flap retraction and extension,
as appropriate. Passengers are assumed to weight 77.1 kg (170 1b) each.
Baggage and cargo stowage density is assumed throughout to be 160.3 kg/m
(10 lb/ft3). The forward and aft containerized baggage compartments are
assumed to house a full complement of bagpgage containers.

2

12.1 Aircraft tip-up characteristics, both rolling and static, will be
such that no special precautions in loading, unloading, or in operating
procedures, or in the use of special ramp equipment will be required during
normal airline operation.

12,2 An on-board weight and balance system shall be incorporated that will
provide an instantaneous read-out of gross-weight and center of gravity
position. Full scale accuracies of approximately 0.08%7 are suggested

as a design goal. The system shall also provide instantaneous visual
indication of landing impact loads, including a sustained (resetable) maxi-
mum impact load. Consideratioh should be given to utilizing the flight/
maintenance recorder for this purpose.
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APPENDIX B
LANDING AND TAKEOFF PROFILES

The tabulation enclosed herein was generated as a basis for the
baseline airplane noise estimates. This version was produced om

14 February 1975.
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TERMINAL AREA PERFORMANCE PROGRAM FEBRUARY 144 1975

WEIGHT TIHE VIKTAS) ¥/vS THETA FLAP CHy CcL LN FG NE TEMP BANK
FUEL DIST VIKEAS) R/C GAMMA GAMDOT CL/CLH Lo oLo FR TAU PRESS DlRECt
hEIGHT HACH [+] ALPHA N A CLMAX DCLN WF cs SIOE
155700, 21.70 119.30 0.0 20.000 20.000 1.0450 2.5786 0.0 T5201. %.0000 936.54 0.0 0.0
0. 253440 117.22 25.10 Telsn l.7858 0.7742 -D.8076 0.0 22100. 1.0000 2113.54 0.0 0.0
35.0 CadTT3 46.52 12.840 1.1873 0.%231 3.3306 0.0 0. - 672.78 0.0 Q.0
t
155700, 22.70 115.84 0.0 17.500 20.000 1.0403 2.1310 0.0 7516L. 4;P000 536 .45 0.0 0.0
0. 2733.% 117,70 2B.12 7.993 -0.0I18B 0.6412 ~0.06959 0.0 22180. 1.0000 2111.48 0.0 9.0
62.0 Ve.1781 40e 50 307 Q.989L 1.2948 323233 0.0 0. 612,72 0.0 0.0
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204 o4 0.1893 52,69 8.41% 1.0131 20712 3.2248 0.0 0. 672,40 0.0 0.0
155700. 3p.31 12916 0.0, 15.000 20.000 0.8967 L.b815 0.0 75601. 4.0000 535.T8 0.0 0.0
G. 4323.5 127.1y 2655 b.563 0.2201 0.5091 =—0.6344 -0.0270 23927. 1.0000 2097.17 0.0 0.0
249.9 0.1339 54,71 8.03r 1.0iB8 2.2397 3.1%38 0.0 0. 672,30 0.0 0.0
155700, 30.31 14%5.70 0.0 15.000° 20.000 0.8971 1.8822 0.0 , 75599, 4.0000 535.78 0.0 0.0
0. 4323.5 121.10 26,55 6.563 0.2201- 0.5B893 ~0.&366 -0.,0270 23922. 1.0000 2097.17 0.0 0.9
2499 0.1920 5469 B.037 L.Q188 2.2421 3.1941 0.0 0. 672.30 0.0 0.0
155700, 31.31 131.2% 0.0 15.000 L7.500 0.8789 1, 7357 0.0 15667 . %0000 535,48 0.0 0.
0. 4542.1' 128.51 26,59 6.894. —-0.2139 025655 —0.6568 -0.0G2T0 24176 . 1.0000 2095.15 0.0 0.
2T6a6 0.1952 55%.87 B.l106 U.3598° 2.8050 3.0694: 0.0 0. 672.24 0.0 0.
155700, 32,31 123,04 V.0 15.000 xp.aub:. 0.B567 L.6470° 0LO T5774s  4.0000 535.59 0.0 0.
0. 47637 130.25 2b. 46 6.308 -0.4753- 0.55b8l. =D.6620" ~0.0270 24505, L.0000 2093.18 N4 0.
302.7° 0.1580 57.40 B.492 . 9356 3.3780° 2.9512 0.0 U. 672418 0.0 n.
155700, EXPERE L13E.2% .0 15.000 12.500" 0.8316 1+58087 0.0 _ 75918. 450000 535.50 a.0 0.
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0.
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TERMINAL AREA PERFORMANCE PROGRAM
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535.28
2086.51
6T1.98

535.21
2085.17
6Tl .94

535.16
2083.95
671.91

535.16
2082.95
671,91

535.01
2080.33
67182

834,17
2075.82
oTl.67

434,49
2069.89
b71.4%

534.19
2063.48
£71.30

533.86
2056.74
671.10

533.53
2049.73
670.89

533.14
1042.50
bld .o
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TERMINAL AREA PERFORMARLE PREGHAM

hEIGHT
FUEL

155730,
U

155700,
0.

155700,
U.

155700,
U

55700.
0.

155790,
0.

L55700.
C.

158700,
Ua

155730,
Oa

155700,
Ua

155700.
flirs

155700,
Ca

La5Tuu.
Oa

TIME
DIsST
FEIGHT

52.75
10054.9
995.5

£2.15
10054.5
LS50

53.75
[ EEEPLS
1043.6

S4.15
1061444
1092.8

5%.09
10707.7

1106.0

55.05
10707.7
11046.0

L]
12110.%
12267

£5.09
13518.7
1322.8

70.09
14624.4
Lall. 2

15409
lo333.8
i5t2.9

80.09
LT144.7
16068

35.09
19157 .4
1T00.4

90,09
£75Th.Y
17192.7

YIKTAS)
VIKEAS)
KACH

leg, 07
162,60
0.250¢

10E.CT
162.80
0.2506

16E,12
162,73
U.2507

Lbiaéh
162.16
0.2501

167.38
161.8¢%
042497

167.3¢
161.95
0.2457

lo&.gs
lelaly
0.246)

167,0%
lola.0a
0.20654

167.24
i161.03
De245E

167.48
160.99
0.2502

l6l.67
160.9%6
0.2505
167.86
160,51
042509

169.C7
Let.b9
0.2513

VIV
R/C
Q

0.0
49.60
85,72

0.0
49.60
85.73

0.0
4lell
bY.T2

0.0
40,93
89.09

0.0
‘38.37
88.74

0.0
38.317
E8.T2

0.0
19.27
87.9%

0.0
19.24
E7.864

0.0
LE.9%
ar.77

0.0
19%.68
87,76

0.0
18.73
65771

0.9
1v.l7
a7.648

0.0
L8.21
57.£23

THE™A
GAMMA
ALPHA

20.000
i0.070
$.930

20000
10.070
9.930

18.000
GabuT
Bat43

16.000
8.318
Tebfe

15,333
T« 806
T.528

15.333
T.B806
1.528

14.093
J.923
10.171

L4,2H4
2,507
10,377

14,134
ETES-14
.4 BG

14,327
3.789
10.5 3y

13.561
3.79%
104186

14419
3.677
10,471

L4.0ED
Jelad
tvi3aa

FLAP
GAMDOT
N

0.0
3. 090Y
d.9985

0.0
0.0806
0.9570

0.0
=0, G561
0. 8340

0.0
-l.4836
V.7TE1S

0.0
-1.588s
0.7472

d.0
=1.57%7
0.T48s

0.0
~-0,1540
0.5749

0.0
0.0072
1.01L1

2.0
=0.0590
)

Lebly

oL
D¢ J509
1.0126

. o.n
-0. 1874
0. 56Ek

0.0
0,0530
1.000C

0.0
0.0L70
1.000%

CHy
CL/CLH
A

U.5617
0.4771
1.3025

0.5374
Qu4TSA
0.6348

0.4562
C. %133
~0.38¢<7

03776
0.3814
-1.2018

0.3517
0.36%8
~1.4259

0.3518
U, 3856
=1.4]184

0.3534
0+50%9:
Q.0T64

0. 3527
0.5253
0.0695

0,3520
0.5147
v.Len

0..2510
0.5274
0.0173

0.3502
0.5050
0.0743

D. 3464
0.5248
0.0531

0.3486
0.5223
D CEET

cL
co
CLsax

L.1243
~—Q.4646
2.3564

11227
“Qa44l2
243400

0. 3444
=0.37%8
2.2B48

0.8637
-6. 3099
2.2291

0.9508
=0.2842
2.2109

D.u526
~0e2962
2.2110

1.1191
—0.264%
z.2121

l.l63u
~0.25393
2.2117

1.1350%
“0.2611

Talllil

1.1658
=0.4574
2.2104

1.1160
=-0.2616
2.2099

L1592
-0.,2565
2.2092

L.1535
~0.2563
2.4087

DCL
pco
DCLM

a.0
=-D.027T0
G.0

0.0
=0.0270
0.0

0.0
=0.0270
0.0

Q.0
=0.0210
0.0

0.0
=0.02470
0.0

=0.0270
0.0

0.0
=0.0270
0.0

0.0
~0.0270
0.0

0.0
-G.3210
0.0

0.0
~0.027¢
0.0 -

0.0
~0.0270
0.0

0.9
-0.0270
0.0

0.0
~0.02T0 -
0.0

EG
FRr
WF

176467,
30713,
0.

T430%.
30712.
o.

63073,
28295.
0.

51837,
25561 .
O.

4“B097.
24575.
0.

48096,
24571,
C.

47083,
24410,
T

47T43.
24363,
0.

470064
24318,
g,

4Tul3.
24283,
0.

47339,
2424].
0.

+7206.
24202,
. 0.

4T T4
a1b2m
0.

NE
TAU

4. 0000
1.0000

4.0000
1.0000

4.0000
Q-8500

440000
0.7000

4.,0000
0.6500

4.0000
D.6500

40000
0.6500

4.0000
0.6500

4.0000
0.6500"

40000
0.6300

4.0000
C. 6500

4.0000
0.6500

4,0000
0. 6500

TEMP
PRESS
cs

533,10
2040.86
670462

533,10
2040.86
6710.62

532.93
2037.22
670.51

532.77
2033.93
670.41

532.72
2032.98
670.38

532.73
2032.949
6704386

532.30
2024.07
670.11

53L.95
2016.99
669,89

531.61
2009.99
669.68

§3t.27
2003.05
669,47

530.9%
l9a95.1%9
669.26

530.61
1989.3¢
6569.0%

530.08
1992.4T
[T
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TERMINAL AREA PERFORMANCE PRUGRAM

WEIGHT
FUEL

155700.
[+ D)

155700,
Ve

155700,
0.

155700,
0.

155700.
0.

155700.
0.

155700+
2%

155700.
O.

155700.

0.

155700.
Qs

155700,
0.

1557040.
0.

155700,
0.

TIME
DISY
PEIGHY

95.09
21988.0
18d4.9

100.09
23406.0
LS76.4%

105.09
24825.9
2066.9

110.09
262475
2156,.2

115.09
276710
2245.9

120.09
29096,6
2334.3

125.09
30524.0
2421.6

130.09
31553.2
2509.0

135,09
333844
2595.7

140 .09
34817.5
2680.8

145.09
36252.3
2765.8

150.09
37688.8
2849.6

155.09
39127.1
'2933.4

VIKTAS)
VIKEAS)
MACH

L6E.27
160,86
0.2517

168.48
160,84
0.2521

L6B.T1
160.85
0.2525

L68.90
160.80
D.2528

165, 14
L60.82
02533

L6934
l60.82
0.2537

149,55
160.T2
0.2540

169.80
laC.E2
0.2545

L70.02
L60.B1
0.254%

170.21
16C.T9
0.25%53

L70.42
169.78
0.2556

iTd.61
160, T6
0.2560

170.82
160.75
D.2564%

V/VS
R/C
Q

0.0
18.37
BT.61

0.0
18.25
87.58

0.0
L7.9%
87.60

0.0
L7.93
BT.55

0.0
17.84
8T.56

0.0
17.53
B7.55

0.0
17.41
B7.52

0.0
17.53
BT.58

0.0
17.19
B7.55

0.0
17.05
87.53

0.0
16.90
BT.52

0.0
16.83
B7.49

0.0
l6.64
B7.48

THETA
GAMMA
ALPHA

13.9%6
3.708
10.28%

14-055
3.679
10.415

13.811
3.613
10.158

l4.0T4
3.605
10469

13.818
3.584
10.234

13.978
3.515
10463

13,739
3.489
10.251

13.8717
3.507
10,370

13.611
3.434%
10.177

13.844%
3.402
10.442

13.552
3«368
10.1684

13.762
3.351
10.411

13.547
3.308
10.239

FLaP
GANDGT
N

0.0
=-0.0550
0. 9894

0.0
0.0973
10131

0.0
-0. 1866
0.9690

0.0
Qe L4442
1.0205

0.0
~Ce1181
0.?797

D‘D
.l 764%
1.0257

0.0
-0.1218
0.,9791

0.0
0.0624%
1.0079

0.0
-0.2137
0. 9647

0.0
0.0876
1.0120

0.0
={0.2088
0.9655

0.0
0.0548
1.0069

0.0
-0.1403
0.9763

CHy
CL/CLM
A

0. 3477
0-5168
0.0697

0.3469
0.5295
0. 0655

0.3459
0.5065
0,0741

0.3451
0.5338
0.0694

0. 3441
0.5126
0. 0698

0.3433
0. 5369
0. 1024

G.3424
0.5123
0.0799

0u3413
0.5278
0. 0695

0. 3405
0.5055
0.0701

0.3357
0.53095
0.0655

0.3389
05062
0.0733

0.3381
0.5283
0.0696

0.3372
0a5125
0.0753

ci1.
co
CLHAYX

11411
=0.2567
2.2080

l.1687
~0e2530
2.2074

1.1177
-0.2571
2.2067

1.1777
~0.2504
2.2061

1.1304
~0.2542
242054

L.1837
=0.2479
22047

1.1303
-0.2525
2.2041

L.1629
~0.2482
2.2033

L1134
-0.2523
2.2027

l.1682
=0.2461
2.2021

lall4é
—-0.2505
2.2015

1.1628
=0.2450
2.2009

l.1276
~0.2477
2.2003

COo0 000 000 OO0 OO0 QOO U0 QOO

pCcL
0Co
DCLM

0.0
-0.0270
0.0

0.0
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FG
FR
WF

46944,
24124,
[+

46814,

"24087.

0.

46688,
24055.
[+

465604
2401%.a
0.

46435,
23984,
0.

%6310,
23948,
0.

46186,
22951
0.

45056,
23B86.
[+ 1

459424
23848.
Q.

45822
23812,
0.

45702.
23778,
0.

45582.
23T4l.
0.

454563,
23707,
C.

NE
TAU

4.0000
0.6500

4.0000
0.56500

4.0000
0,6500

4.0000
0.6500

4. 0000
0.6500

4.0000
0.6500

4.0000
0.6500

4. 0000
0.6500

440000
0,6500

4.0000
0.6500

4,0000
0.6500

4.0000
D.6500

4.0000
06500

TEMP
PRESS
cs

529.95
1975.99
668.63

529.62
1969.38
66B.42

529.39
1962.86
668.22

528.98
1956 .44
66B.02

52B8.66
1950.01
667.82

528.34
1943.68
66T.62

528,03
1937.47
667,42

527.72
1931,25
667.23

527.41
1925.11
667.03

527.11
191%.09
666,84

526.81
151%.09
666,65

526451
1907.19
bbb.4b

526.21
1901.31
&56b6.27
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TERMINAL AREA PERFORMANCE PROGRAM FEBRUARY L4, 1975
AELGHT TIME VIKTAS) V/VS THETA FLAP CHy CL oeL F35 NE TEMP BANK
FUEL D1ST V{KEAS) R/C GAMMA . GAMDOTY CL/CLM Lo [1141] FR TAU PRESS DIRECT
PELGHT MACH Q ALPHA N A CLMAX DCLM I3 cs SICE

155T00. 159.09 170.96 0.0 L3.620 0.0 0.3367 lel432 0.0 45368 %.0000 525.97 0.0 0.0

O« 4027849 160.72 Lb.44% 3.26T -0.0572 0.5197 -0.2456 =0.0270 23674, 0.6500 1E956,67 0.0 0.0

2995.5 0.2567 87.44 10.353 0.9893 0.0698 241999 0.0 G 666.12 0.0 0.0



1EZ

DECELERA TING APPROACH CONDITION

TERMINAL AREA PERFORMANCE PROCGRAM FEBRUARY L4, 1975
WE IGHY = 1557004 THRUST/ENG (CRUISE) = 18300. THRUST/ENG (LIFT} = 0.
WING AREZA = 15%1.00 NUMGER OF EMNGINES = 4,0000 NUMBER OF ENGINES 2 0.0
WING LCACING = 101.034 SCALE FACTOFP s 1.0000 SCALE FACTOR = 0.0
THRUSY=TO~WE IGHT = 0.4701 EMCLIMATIGN = 0.0 [NCL INAT IGN = 0.0
FLAP ANGLE = 25.00 TAu = 041200 TAU = 0.0
ATRPCRT ALTITUDE = u. AIRPGRT DTEMP (F) = 18.00

RIITVND d0pq 40 -



N
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TERMINAL AREA PERFORMANCE PRADGRLW FEBRUARY 14, 1975
e IGHT TIHE VUIKTAS) vivs THETA FLAP CHY L DECL Fi NE TEMP BANK
FJEL DIST V{KEAS) R/C GAMMA GAMDOT CL/CLM [} ACD FR Tau PRESS DIRECT
FEIGHT HACH 3 ALPHA N A CLHAX acLM, WF cs SIDE
155730, 0.0 1i5.00 0.0 —~4.00% 24.200 D.0747 L.0195 0.0 10706, 4.0000 527.75 0.0 0.0
Q. 0.0 L6570 -26.92 ~5.230 -0.35%73 0,4105 0.0735 0.0 11863, 0.15%00 1931.89 0.0 0.0
250040 0.2623 93.02 E.230 0.9386 =labY54 2.4836 0.0 Q. 66T.25 0.0 0.0
155700. 4.0 L71.01 0.9 ~2.948 25.000 0.077% 11345 0.0 10609, 4.0000 528.14 0.9 l.228
0. 1163.0 162,24 -26.17 ~5.207 0.0279 0.4560 0.0765 0.0 11604, 0.1500 1939.56 0.0 ~5.169
. 2392.¢ 0.2562 89.08 2258 1.0002 -—1.634% 24880 0.0 0. 667.49 0.0 -2.860
L15%5700. 8.00 lev. 52 0.0 -2.592 25.000 0.0810 1.1768 0.0 106T6. 4.0000 528451 0.0 . 1-159
0. 2300.7 l5L.69 =25.45 =5.251 0. 0055 04722 0.0763 0.0 11370, 0. 1500 L946.99 0.0 -5.;3;
22881 Ue 25006 B85.47 2.459 2.9966 ~l.4802 2.%923 0.0 O 6772 0.0 =-2.350
-
1557uC. 12.00 le2.93 Vel ~2.148 25.000 V. 0840 1.2217 0.0, 10664, 4.0000 528.87 0.0 1.368
Q. 3413.5 156.00 -2v.21 -5.229 0.0022 * 0.489% 0.0767T 0.0 1115%. U.1500 1954.30 0.9 =5.162
dle6.0 Uedd by §2.3° 3.081 Ce3962 =—1.384% 2.4965 0.0 0. 667,95 0.0 ~1.%42
155700. 1.0 L60.76 0.0 =1.740 25.000 0.0870 1.2660 0.0 10660, 4. 0000 529.23 0.0 1.373
0. 4504.9 153.22 =24.T2 =5.229 -0.u00V 0. 2063 0.0773 ¢.0 10955. 0.1500 1%61.47 0.0 ~5.163
2080.2 C.2406 TG.48 3.488 0.3958 -1.2876 2.5007 0.0 0. 66B.148 0.0 -1.335
155700, 206U 5i.81 0.0 =-1.321 25,000 0.0300 L.3100 0.0 10657. 442000 525.58 0.0 1.29%9
C. b275.7 150463 =24427 ~b5.227 0.0001 Q5230 0.0782 0.0 10771. 0.1500 1968.53 0.0 -5.165
1684.4 0.2361 T6.081 3.8%7 0.9959 -1.2077 25049 0.0 0. 668.40 0.0 -1.127
145700, 24.00 L95.33 0.y -0.425 25. 000 0.0930 1.3535 0.0 L0655, 4.0000 529,92 0.0 1.266
s 0. bo2T.2 143.19 =23.8% =5.221 =0.0001 045395 0.079% 0.0 L0598 . 0.1500 1975.48 0.0 =5.167
1892.0 0.2319 Ta.34 4.302 0.9%98 -1.1401 2.5000 0.0 0. 668.61 0.0 -0.723
155700 Jae W 182440 0.0 ~0.b22 2%.000 0.0960 1.3G5 .0 L0655 4,00C0 530.26 0.0 t.222
J. TéuD.b 145.84 —-23.5% =5.288 =0,0000 0.5557 0.08L0 Lo 10435, 0.1500 1982.32 0.0 5. 10¢
17157.5 Qo221 Tdalth 4.706 0.9%57 ~1.0833 2.5131 0.1 Je 648483 0.0 . ~0e323
152700, 32.0u 149,89 0.0 -0.120 25.00u .0990 1.4402 0.0 L0657, 440000 530.59 0.0 1.222
0. bbb 1434067 ~23.06 ~5.230 0.0021 0.57122 0.04828 0.0 10281. 9.1500 Llo@9.08 5.0 =5,.16%
17044 V.224) 65ab4d Yelll 0.5561 -1.0335 2.5172 0.9 . 669.04 0.0 0.043
155100. 36.00 L47.49 0.0 0.267 20.000 0.101% LeaB25 Q.0 WeLT. 4.0000 530.92 0.9 1.194d
Q. QO0TL. 2 141.57 =22.68 ~9.221 =0..002 c.5881 U.0844 0.0 lotia. 01500 L995.74 0.0 =5.170
+ 1613.0 0.2204 6T.R5 SeaSh 0.995%8 ~0.9867 2.5212 0.0 *0. 669.24 0.0 0.458
155740. 40.00 145,21 0.0 0.451 2%.000 Q. 104G 1.9525% 0.9 10629, 440000 531.24% 0.0 1.159
0. 10660.1 135.5¢6 ~22433 -%.228 -0.02300 0.,6042 0.08u2 0.0 10002, 0.1500 2002.32 0.0 =5.172
1523,0 0.2163% 65.%4% 5.879 09958 ~Q0.9%4b 2.5253 0.0 0z 662.44 Y] R 0.8%
155700, 44 .00 142.01 Q.0 1.036 25.400 0.1078 125689 0.0 10663, 4+.0000 531.55 0.0 I.l20
Qe L162b.9 137.04 -2L.59 -%.228 ~0.0001 B.6203 ¢.0BB2 0.0 " 9B8TL. 0.1500 2008.80 0.0 ~5e17u
1434.3 0.2136 64.113 Ge28% 0.%558 =-0.9091 2452%4 0.0 . 0. 669.6% 0.0 1.22%
L5>700. 48,00 14G. €9 0.0 L.a2d 2%.90u 0. 110% 1.6122 0.0 10667, 4.0000 531.87 0.0 1.3097
0. L25B3.3 L3b.T7 —2l.t7 -5.228 -0.2001 U.6363 0.0904 0.0 9Tfhh. 0.1500 2015.22 0.0 ~5,175
L347.0 0.2103 o2a4l bae b0 D.9958 -U. 8791 2.533¢6 0.0, 0. 669.84 0.0 l.6lb



£g¢

TERMINAL AREA PERFCRMANCE PROGRAM BRUARY L4, 1975

WEISHT TIME VIKTAS) \7LH THETA FLAP CHU (AN DCt FG NE TEMP BAMK
FUEL IIST  YIKEAS) R/C GAMMA  GAMDOT  CL/CLM cD ocn Fr TAU PRESS  DIPECT
HEIGHT MACH 2 ALPHA H A CLHAX DCLM we | cs SIDE
C152TU0. €2.00 135.84 0.0 1.H11 25.000  0.1140  L.6560 0.0 10672,  4.0000 532.17 0.0 1.073
0. E3923.6 133,97  =21.35 =5.229 -u.0001l D.6525 0.0929 0.0 9527.  0.1500 2021.5% 0.0 ~5.17¢C
126045  D.2372 60.75 Te03¥  0.355b ~0.8542 2.5378 0,0 0. 670.03 0.0 2.006
195700, 56.00  136.084 0.0 22205 29.990  O.11T1 1.TO05 0.0 10677, 4.0000 532,43 0.0 1,055
0. 14450,3 132.20 -21.0% ~5.229 ~0.0000 0.0689 0.0957 0.0 9504. 01500 2027.81 0.0 -5.1717
176,01 0.2042 5617 T.434%  0,9558 ~0.8344  2,5420 0.0 0. 670,22 0.0 2.404
155700, §3.00  134.8¢ 0.0 2.6k2 25.000  (.1203 l.T444 0.0 10643.  4.0000 532,77 0.9 1.021
0. 15Jo3.e 440,47  -20.71  ~-5.221 ~0.0076 0.6850 0.0%935 0.0 9386.  0.1500 2033.99 0.0 ~5,179
1092.6  0.2002 $7.63 7.833 0.9%4% =9.B285  2.54h84 0.0 0. 670.41 0.0 2.774
155700. Shedd 132,93 0.3 3.028 25,900 QL1236 1.7923 0,0 10689.  4.0000  533.07 0.0 0,842
0. 16263.3  12B.1% =20.41 =5.220 =-0.0038 0.7026 0.l021  ©.0 9270.  0.1%500 2040.08 0.0 -5,188
LIld.4  0.1582 56.12 £.249  0.7954 =0.417 2.5509 0.0 U. 6T0.60 0.0 3.223
155700, 64.51 132,59 .0 3,135 25.000 0.1240  1.9043 0.0 10690.  %.0000  533.10 0.0 0.894
O 16377,2 128,53  -=20.36 -5.215 U.0530C  0.707F 0.1034 0.0 9255. 0.1500 2040.85 0.0 -5.180
1000.0 U, 1519 ©5.73 8.350 ©0.9937 -0.8249  2.5515 0.0 0. 670.62 0.0 3,347
155700, 64.51 132.569 0.9 3.135 29,709 0.1240 1.803% 0.0 10690,  4.0000 533,10 2.0 0.8%4
U 163T1.0  12Be53  —2J.36 —5.21%  U.ulfs  J.Tub9 31023 D.O 9256,  0.1500 2040.85 0.0 -%.1%
102,90  0.1979 $9,63 8,350  0.9983 -~0.8208  2.%%1% 0,0 0. 670,62 G P
155700, 68.51 130424 0.0 L.23% 31,000  u.llB&  LL.8%% 0.0 10690, +.G000 533,38 0.0 ~-1.061
0. 172001.6 126,30  -16.41 =2.006% =-G.096%  J.6676  O.fjlve 0.0 910l.  J.1300 2046.59 G.D 5,093
92h-4  0.1942 54.901 6,306 0,38%4  ~1,10%6  2.7724 .3 Ta 670,79 o0 0,060
155729 Teabl  127.46 0.4 -U.683  37.000 0.1337  1.9322 0.0 10606,  4.0000  533.66 0.0 -2 om0y
Dy 181283.2 123.75 ~19.45  -5.187 -0.0360 0.6413  0.lal0 0.0 8923,  0.1500 2052.50 0.0 ~h. %N
841.5  0a1929 51.856 44506  0,9917 =~1.2655% 3.012% 0.0 0. 670.917 h —1.474
1557 54, To.51 124.07 0. —2.024 43,002  O0.1406  2,04lL 5,0 10676, 4.0000  $33,9« 0.0 3, Ay
0. 1p3Thel 120,59  =19,u8 =5.228 -0.0006 0.63%3  0.17%2 0.0 g700.  0.1500 2058.27 0.0 -5.373
166.3  U.1B49 4%.26 3.265 0.9951 -1.61%&  3.1926 0.0 0. 6TL.14 G.0 -2.617
155700, T9.84  120.55 0.0 -3.401 48.000 1486  2.1023 0.0 10661,  4.,0000 S534.16 0.0 -2.971 o0
0. 19659,6  117.29 ~1B.78 —9.296 -0.2636  Jab33l  0.2006 00 8461.  0.1500 2062.97 0.0 ~5, 1" =
.4 Bal75% 46457 E.85% 0,968y -1,8377  3.3204 0.0 2. 671.28 0.0 mu Gl EE
ég?ég?
154790, T9.84  120.5% 0.0 -3.401 2,000  0.1485  1.5762  0.9780  18ebl.,  4.0007  534.16 0.9 w207 & p,
V. 1¥ob4.b  117.29 —l8.74  =5.236 -J.438Y  0.4734  0.2204 -0.004% 8462,  U.1500 2002.97 0.9 -5.376 ~
T03.4  0.1198 .57 1-P94  0.7265 =2.0670  3.32% 0.0 0. 671,29 0.0 ~4.511 g,v .
155700, Bl.8%  Ll7.6c 0.2 1210 48.000  0.2%%7  2.3T62 0,070 17743, 4,0900 5%, 31 0.0 Jed3 f+-
0. 20059.7  Ll4.55  =20.0%  ~5.806 U.ab26  D.6622  0.2600 -0.N004%  100h%.  J.2600 20n0.l1 0.0 L QY
v6l.t  v.1753 Glay? 7.016 1 0647 -2.622¢  3.%38C 0.0 Ja 671.3M 0.0 P.2tu e
{
15703, w284 llue.d Gad L.210 45000 U.3170  2.4433  0.0Ted 21274, 4,0300 baw. e 0.0 PR jiz
o 2020000 113,37 ~1B.21 0 ~5.3d1 0 Q.4dUd DL6HNd 0.2328  ~0.G045  L1536. U, 3000 2007.54 G.0 ERPEAS
a4 .1T12¢ a3.d4 LoBhE 1.Dash =) 60%H  *LT0B9 0,0 u, 6T .42 0.0 1,012



PET

ALITYOD Y004 g0

N,

SI TDYVE TVNIDINQ

TERMINAL AREA PERFORMANCE PRGGRAM FEBRUARY 14y 1975
aE ICHT TIME  VIKTAS) VIVS THETA FL&P CHY cL ocL [ NE TEMP BANK
FUEL DIST VIKEAS) R/C GAMMA  GAMDIT  (L/CLY co - beo FR TAU PRESS  DIRECY
FEESHT HACH Q ALPHA N A CLMAX BeLM WF - cs SIDE
155700. © 82.8% 116.11 0.0 1.210 48,000 D.3190 2.4432 0.0780 21274. 4.0000 534,38 ' 0.0 1,422
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APPENDIX C
BASELINE AIRCRAFT FUEL SYSTEM CONCEPT

This appendix shows a Schematic of a fuel system (Figure 105) which
would be appropriate for the QCSEE baseline aircraft., The schematic is
included here for the sake of completeness in documentation,
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APPENDIX P

LOW MACH NUMBER INLET

This appendix discusses the low Mach number inlet for 50.8 cm (20 in.)
Model Test that is consistent with QCSEE aerodynamic and acoustic require-—
ments. The lower throat Mach number requires a larger inlet throat area
for the same total engine airflow. The highlight to throat geometry is
essentially unchanged based on the angle-of-attack and crosswind require-
ments of power-lift aircraft. The highlight to nacelle maximum diameter
curvature based on aircraft cruise speed is also essentially unchanged,
therefore, maximum diameter must increase. For this reason the low Mach
inlet was not the number one choice for QCSEE.
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QCSEE LOW MACH INLET DESIGN

AERODYNAMIC

The inlet geometry for an-inlet design with a throat Mach number of
0.6 was recommended for a possible conflguratlon ‘for QCSEE 50.8 cm (20=in.)
model tests.. For the 0.6 M; inlet, the internal lip thickness ratio of
BHp,/Ri = 1.21 was used for low distortion at the high angle of attack
and crosswind conditions at any power setting. The smaller lip thickness,
tested, with. RHL/R = 1.17, would have resulted in significantly hlgher
distortion.

For external cowling, the best. value of Ryyy was determined by cal-
culating the cowl drag coefficient for a DAC-1 cowl shape at cruise’ |
conditions as a function of Rmax or Ryy/Rmax (Figure 106). It was found
that as Rpax was increased or Rap/Rpay decreased, the drag coefficient
decreased rapidly, because of rapidly decreasing shock losses on the cowl,
and then became nearly constant. The recommended value of Rpyay = 109.2
cm (43.0 in.) (BHy/Rpax = 0.88) was picked at the knee of the drag curve.
(Note: Rpayx for the high Mach QCSEE 1n1et is 100.1 em (39.4 in.).

For the calculations described above, the external-cowl nose shape
was kept consistent with that of 30.5 em (12 in.) models, as described in
Reference 6, by choosing the cowl length ratio as a function of the cowl
radius ratio from Figure 44. ’

Compared to the 0.79 M; design, a smaller value of RHL/Rmax was
required for the 0.6 M; design due to the larger throat area of the inlet
that resulted in a lower cruise mass—flow ratio. The inlet and cowl
lines for the 0.6 M; design are compared with the 0.79 M: desien in
Figure 107.

Acoustic Design

The UTW nacelle acoustic design necessary to meet the QCSEE propul-
sion system goal of 95 EPNdB, with a low Mach inlet, must have the same
suppression levels as stated in Section 6.0 for the proposed QCSEE Flight

System.
— Forward radiated noise - 5.0 PNdB suppression
- Aft radiated noise -~ 6.5 PNdB suppression
- Core radiated noise - No suppression

The required low Mach number inlet suppression is obtained with
acoustic wall treatment having a treated length-to-fan-diameter ratio of
0.50. The fan exhaust suppression is the same as shown in Section 6 with
no acoustic splitter. A nacelle of this design is shown in Figure 108.
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DAC-1 Cowl Shape

MO = 0.7
Ao/Ap; = 0.59
a = 0°
Maximum Cowl Radius, R inches
. Max
40 41 7
0.04 | : 4? 4? 4% 4? 4? i

0.03
Variation of Cowl
Drag with ax? Based
on Wind—Tunnef Data
0,02

(O 0.6 M; Inlet Design Point
0,01 with A; = 1.98 m2 (21.33 £t2)
Ryp,/Ry = 1.21

4] i -
100 105 110 115 120
Maximum Cowl Radius, RMax cm

Cowl Length Ratio, X/D
OHlO 0.20 0130 0340
| | T T T i 1 —1
0.96 0.92 0.88 0.84

€, Drag Coefficient Based on Cowl Frontal Area of 3.15 m2 (33.87 £t2)

Radi .
Cowl Radius Ratio, RHL/RMax

Figure 106, Inlet Cowl Drag for Throat Mach No, = 0.6,
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Comparison with 0.79 M; Design Both Inlets are Axisymmetric

= 109. in. .
RMax 09.2 cm (43 in.) Maximum

6 = 8°
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. 0.6 M; Design, RHL/Ri = 1.21, RHL/RMéx = 0,88, x/DMax = 0.31

0.79 My Design, RHL/Ri =1,21, RHL/RMax = 0,90, X/q“ax = 0,22

25.4 cm
(10 in.)

Spinner

Inlet

Figure 107, Inlet Design for Throat Mach No. = 0.6 vs., High Mach Inlet.
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Figure 108, QCSEE UTW Engine Acoustic Treatment with Low Mach Inlet.



LIST OF SYMBOLS

ALT Geopotential Pressure Altitude, km (feet)

APU Auxiliary Power Unit

ASNM Available Seat Nautical Mile

ASKM . Available Seat Kilometer

ASSM *  Available Seat Statute Mile

BPR Bypass Ratio (Bypass Stream Flow/Core Stream Flow)
c Centigrade

CADC Central Air Data Computer

Cp Drag Coefficient

CIPR- Cubic Inch Per Revolution

cf Skin Friction Coefficdient

Cop Compressor Discharge Pressure

C1, Lift Coefficient

GLMAi Maximum Lift Coefficient

cm Centimeter

Co Wing Chord

CPR Compressor Pressure Ratio

Cy Gross Thrust Coefficient - gross thrust/{g Sy)

Cio Ram Drag Coefficient = ram drag/(q S,,)

D Diameter

Dy Fan Tip Diameter 180.3 cm (71 inch) For QCSEE OTW and UTW)
DAC Douglas Afircraft Company

deg Degrees

DLC Direct Lift Control

boC Direct Operating Cost

DTAMB Ambient Temperature Minus Standard Atmosphere Temp °C (°F)
EBF | Externally Blown Flap

ECS Environmental Control System

EDV Electric Depressurizing Valve

EPNdB Effective Perceived Noise Level in Decibels
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EVD

FAR
Fg,Fg
Fy
fpm
fps
FRP
£t

GE
HP
IDG
I-P
IS0

KCAS
kg

KVA

Lo

1b

Lt

LP

MTOGW

NASA

NMi

LIST OF SYMBOLS (Continued)

Elementary Vortex Distribution
Farenheit

Federal Air Regulations

Gross Thrust

Net Thrust

Feet Per Minute

Feet Per Second

Fuselage Reference Plane

Feet

Acceleration of Gravity
General Electric

High Pressure

Integral Drive Generator

Ice Protection

Isplation Valve

Nacelle Drag Form Factor

Knots Calibrated Air Speed
Kilogram

Kilometer

Kilovolt~Ampere

Length

Inlet Diffuser Axial Length From Throat
Pound

Acoustic Treatment Axial Length
Low Pressure

Meter

Mach Number

Maximum Takeoff Gross Weight
Newton

National Aeronautics and Space Administration
Load Factor

Nautical miles
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3

23

QEW
OTW

P18
PB3
PR27
Pax
PT
PTO

QAD
QCSEE
QECU

rpm
sec
SFC
SL
SLS
5/0
SR
STOL

T18
TB3
TB27
TO
TOGY

LIST OF SYMBOLS (Con?inued)

Operators Empty Weight

Over the Wing

Rate of Roll

Bypass Stream Exhaust Total Pressure, N/cm? (psia)
Core Compressor Discharge Bleed Pressure, N/cm2 (psia)
Core Compressor Interstage Bleed Pressure, N/cm2 (psia)
Passengers

Total Pressure

Power Takeoff

Dynamic Pressure

Quick Attach-Detach

Quiet Clean Short-Haul Experimental Engine

Quick Engine Change Unit

"Inlet "Highlight" Radius—Center is Engine Axis

Inlet Threoat Radius

Nacelle Maximum Radius

Revolutions Per Minute

Second

Specific Fuel Consumption, kg/sec/N (lbs/hr/lb)

Sea Level

Sea Level Statie

Shut Off

Specific Range

Short Takeoff and Landing

Wetted Area

Bypass Stream Exhaust Total Temperature, °C (°F)
Core Compressor Discharge Bleed Temperature, °C (°F)
Core Compressor Interstage Bleed Temperature, °C (°F)
Takeoff .

Takeoff Gross Weight



T/W

UTW

Vv

Vi
Vapproach
VP

Vstall
Wl

LIST OF SYMBOLS {(Contimmed)

Thrust-to-Weight Ratio

Under the Wing

Velocity

Decision Speed

Approach Speed

Variable Pitch

Stall Speed

Engine Inlet Total Airflow, kg/sec (lbs/sec)

Core Compressor Discharge Bleed Flow, kg/sec (1b/sec)
Core Compressor Interstage Bleed Flow, kg/sec {(ib/sec)
Wing Reference Plane

Wind Tunnel Model

Wing Loading - TOGW/S,

Axial Distance From Inlet Highlight to Point on External
Nacelle Surface/Flowpath e

Axial Distance From Throat to Point on Inner Nacelle
Flowpath

Flight Mach Number
Adrcraft Pitch Attitude

-Coefficient of Friction

Rolling Coefficient of Friction
Inlet Throat Area
Inlet Angle of Attack

Airplane Angle of Attack Measured with Respect to Fuse-
lage Reference Plane

Inlet yaw angle

Average skin-friction coefficient
Referred engine airflow, W /TE73§5
Relative absolute total pressure ratio

Finite difference
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LIST OF SYMBOLS (Concluded)

Equivalent conical half angle of subsonic diffuser
Diffuser wall maximum half angel
Relative absolute total temperature ratio

Form factor used for nacelle and pylon drag calculations

‘Diffuser length from inlet throat to engine face -

Freestream Mach number

Inlet approach Mach number that differs from the
freestream Mach number due to the wing flow field

Inlet steady-state total-pressure distortion number
Fan-jet dynamic pressure after isentropic expansion
to freestream static pressure ’

Freestream dynamic pressure

Inlet throat radius

Radius of inlet high-1ight area or leading-edge area
Maximum .external radius of inlet cowl

Wetted area

Axial distance along inlet centerline measured from
inlet throat
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