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1.0 INTRODUCTION

1.1 Task Statement. The objective of this study is to define a reference advanced
supersonic transport design as a check point for computer generated designs for

use in the ICAO Working Group E (WGE) activity. Definition of the reference confi-
guration includes the technology identified for application in the 1980-1985 time
period (assuming no greatly expanded SST research activity). Constraints are as
follows:

o Cruise at 2.2 M, standard day.

e Payload of 250 passengers (1/3 first class, 2/3 economy).

o Takeoff field length not to exceed 11,500 ft. on standard + 10°C day.

o Takeoff noise to be minimized as much as possible without penalizing cruise
performance, but to be no greater than FAR Part 36 (Stage 2) at any
certification measuring Station. McDonnell Douglas (MDC) model scale
results to be-used for mechanical noise suppressors.

e A1l metal airplane.

e Design range to be at or near 4000 n. miles, zero wind. (MDC baseline
with the MDC GE4 cycle results in 4250 n. miles).

e A MDC turbojet engine cycle based on GE4 technology is used for the

propulsion data.

1.2 Study Approach. McDonnell Douglas has been actively studying the application

of the advanced supersonic technologies to advanced supersonic transports for five
years and has used a baseline design for much of this activity. The major elements
of potential application of advanced technologies and their timing have been
identified. This study for ICAO WGE is to select those technologies which are
appropriate for a 1980-1985 program initiation date and incorporate them on the MDC
baseline airplane, size and integrate an appropriate GE4 scaled engine, and
determine acoustic and range performance. The data for the engine, airplane, and
acoustics analysis can be defined in sufficient detail so that independent cal-

culations may be completed for comparison purposes.
1-1



2.0 SUMMARY AND AEROSPACE iNDUSTRIES ASSOCIATION OF AMERICA, INC. POSITION STATEMENT

This report summarizes thé results of an advanced supersonic transport airplane/
engine integratiqn study which has been completed to be used as a detail preliminary
design case by ICAO Working Group E members to assist in the assessment of noise

standards applicable to future supersonic transports.

The design considered in this study reflects the application of the advanced tech-
nologies which are projected to be available for program initiatiqn in the 1980-1985
time period; The airframe structure is of all metal construction based on optimized
structural parameters (strength, fatigue, fail-safe, aeroelastics, and flutter) con-
sisting of 64% titanium for the major load carrying structural components, and 27%
aluminum fdr the secondary structure and the 1ight1y‘10aded components, aﬁd 9% steel
for the landing gear and propulsion system. The design incorporates an arrow-type
Wing planform With'geométry tailored to optimiie performance and weight and an area-
ruled fuselage in combihation with careful placement of engines to minimize wave
dkagland produce high aerddynamic efficiency for cruise. Single nacelles incorporating
:aXisymmetric mixed compression inlets have been selected for this base]ine after
careful trade-off studies of options such aé dual'pods and two-dimensional inlets.
An active control system is incorporated consistent with a smaller than horma] tail

to match relaxed static stability requirements,

The engine for this design is a Mchnﬁe]] Douglas defined dry turbojet engine

| based on the GE4 cycle of the 1971 U.S. SST. This engine was designed and tested
during the former U.S. SST progfam. The engine weights and performance are updated
to reflect the propulsion technology predicted to be available for a 1980-1985

technology readiness date.

The suppression device incorporated is a mechanical suppressor/ejector type which

- McDonnell Douglas has sqcéessful]y designed and tested. Suppression characteristics

21



included in the study are those obtained in simulated forward flight in the Rolls-
Royce spin rig using a small scale model. Although improved designs and larger
scale models may provide different suppression values the actual test data .are used

in this study to establish a reference performance level.

The engine size selected by McDonnell Douglas to represent the reference engine

will produce a noise no greater than 108 EPNdB at any of the three FAR Part 36 (Stage 2)
defined measuring points. The engine finally se]ected is 700 1b/sec and is

sized slightly larger than the optimum cruise size to meet this noise constraint
condition. Engines much larger than 700 1b/sec can produce lower noise results,

however, the range penalties become relatively severe.

Data are included in this report so that interested parties may check the unsup-
pressed noise level calculations and altulate takeoff performance for the reference

airplane.

When using this report for rule making purposes, the Aerospace Industries Association
of America, Inc. position statement to ICAO WGE seems worth noting here to keep the

~information in perspective. It is summarized as follows:

o The current data base for future SST's consists almost entirely of analytical
studies and limited small scale test results.

e Noise criteria are a major constraint on the design of future SST air-
frames and engines.

o Based on the substantial progress which has been made, present assess-
ment of advanced technology indicates nominal compliance with Annex 16
(1971) may be possible. However, at this time mandatory compliance would
constitute an unacceptable risk.

e SST noise standards must be based on technically feasible and economically
reasonable demonstrated capability.

2-2



¢ Present allocation of resources will not provide technology demonstration

required for rule making as mandated for Working Group E.



3.0 PARAMETRIC STUDIES

The common case Class II technology parameters have been applied to the parametric
airplane designs which are used for technology eva]uations; The engine performance
information used is based upon the technology levels estab]ished by General
Electric for the GE4 engine as tested in the previous U.S. SST program (1971),
but updated to improve the cruise specific fuel consumption one percent and to

. eliminate the afterburner. The noise levels have been determined based upon use

of the very limited small scale test results of the McDonnell Douglas Rolls-Royce
spinrig test of a mechanical suppressor. The McDonnell Douglas noise prediction
techniques have been used including addition of a shock cell noise contribution for
the reference conical nqzz]e unsuppressed case. (Variations between the MDC

noise prediction method and the NASA-ANOP method can be obtained from the ICA0 WGE
Sﬁbgroup Report on SST Nofse Prediction Methods.) No considerations have been made
fof incorporating automated take-off procedures due first to the unresolved
4question of acceptance by the certification authorities, and secondly, because

the degree of benefits during takeoff remain controversial and untested.

The performance for cruise, subsonic and transonic operations, and for low speed
climbout, has been predicated on model scakwind tunnel data as demonstrated to

date in very limited testing. The airframe structural weight and systems weights
have: been based upon preliminary design prediction techniques unsubstantiated to

date by design and construction experience. The resulting weight estimates may there-
fore be inerror relative to a design that would reflect final airline requirements,
government certification requirements, passenger demands, environmental requirements,

safety provisions, or other constraints required at the time of certification.

DISCUSSION OF DESIGN CONSIDERATIONS

Consistent with the criteria established at the ICAO WGE initial meeting, the
3-1



following assumptions were used in defining these parametric designs.
o Co-annular nozzles - not applicable.
e Variable cycle engines - not applicable.
e Unconventional engine positioning - not applicable.
e Composite structures - not applicable.
o 2.20 Mach number - upper limit for cruise.
e Turbine entry temperature 1imit - 1500° to 1600°K
e Axi-symmetric inlets - possible.
e Active controls - partial.
e Optical, digital, and miniaturiied systems - as applicable.
¢ 4000 n. miles design range.

o Takeoff field length not to exceed 11,500 feet.

A parametric chart comparing variations in thrust, wing area, gross weight, height
over the monitor, and noise levels (Figure 3-1) shows a general background of the
limits that exist and how changes in engine thrust might impact on overall
airplane results. A typical landing speed and fuel capacity constraint

are shown.

The parametric chart shows the relationships that exist for the specific design

range of 4000 n. miles, from which.the "Common Case" airplane parameters have been
selected for this analysis for ICAO WGE. The minimum weight airplane design

is 712,100 pounds to meet the noise constraints of FAR Part 36 (Stage 2 ) of 108
EPNdB. This noise constraint has necessitated the additon of wing area and thrust to
enable the airplane to be relatively high as it passes over the 3.5 n. mile monitor.
Accordingly, take off field distance is relatively short for the minimum weight
airplane to meet FAR Part 36 (Stage 2) and the economic penalty is probably

rather significant. The general arrangement drawing is shown in Figure 3-2.

3-2



_ D-3230-225§
DAC TURBOJET ENGINES
RANGE - 4000 N M!I  PAYLOAD=52930 LB He

. A
MINIMUM NOISE VERSUS GROSS WEIGHT—\Molg;g e
w A
FUEL CAPACITY —-APPROACH SPEED 300';( Fry
= =7 =140 KEAS <
TAKEOFF GROSS =50 } <.
WT (10001B) —:

850

800
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8-AST-6125

FIGURE 3-1. SIZING STUDY
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4.0 "COMMON CASE" AIRPLANE DESIGN CHARACTERISTICS

DESIGN RANGE

DESIGN PAYLOAD
First Class

Business Economy Class
DESIGN CRUISE SPEED
WEIGHTS

Takeoff Gross Weight

Operating Weight Empty

Materials

Primary Structure

Secondary Structure

Landing Gear, Etc.
Number of Engines and Type

Thrust Per Engine (STD Day Sea Levél Static)

Thrust Loading (at T.0.)

Airflow per Engine (STD Day Sea Level Static)

Mixed Compression Axi-Symmetric Inlet

Moderate Convergent Divergent Plug Nozzle

Cruise T, (approx.)
Noise Suppression Devices
MDC Mechanical Mixer
Nozzle with Acoustical Lining

4000 N. Miles

250 Passengers

84

166
2.2 Mach

712,100 1b
300,304 1b

Titanium 64%
Aluminum 27%
Steel 9%

4 Unaugmented turbojet engines
(MDC Modified GE4)

64,280 1b
0.34
700 1b/sec

2400°F (1588°K)

Ejector Suppressor Plus Elliptical Shaped Nozzle Exit (T.0. and Sideline)
Acoustically Lined Near - Sonic Inlet (Approach)

Exhaust Temperature Limit For
Operation of Mechanical Suppressor

Dry Engine Weight (Per Engine)

Nacelle Weight (Avg. Per Engine)

Thrust Loss at 0.3 Mach

Thrust Loss at Cruise

(Due to acoustic lining in nozzle) |

1700°F
14,286 1b
2,965 1b
4.5%
1.5%



ACOUSTICS - Based on FAR Part 36 (Stage 2)

Takeoff (Cutback 3.5 N. Miles) 108 EPNdB
Sideline (0.35 N. Miles) 106 EPNdB
Approach (1 N. Mile) 108 EPNdB
Estimated Area for 90 EPNdB
(Incl. T.0. and approach) 21.7 sq. n. mi.
CHARACTERISTICS
WING
Gross Area 10,000 ft2
Wing Loading (At T.0.) 71.2 1b/Ft2
Type Modified Arrow
Leading Edge Sweep (Inboard) 71°
Leading Edge Sweep (Outboard) 57°
Span 135.5 ft.
Notch Ratio 0.20
Leading Edge Devices Full Span
Trailing Edge Devices . 42% Span
HORIZONTAL TAIL
Gross Area 1,000 ft2
Type Variable Incidence With Geared Elevators
Leading Edge Sweep 50°
VERTICAL TAIL
Gross Area i 700 ft2
Type Fixed Fin With Hinged Rudder
Leading Edge Sweep 50°
LANDING GEAR 3 Post Gear
FUSELAGE
Length 310 ft.

Type - Full Area Ruled
Minimum Cross Section
Affords 21 Inch Per Seat and 18 Inch Aisle

4-2



Maximum Cross Section
Affords 27 Inch Per Seat and 28 Inch Per Aisle
Crew
Cabin Attendants
Galleys

NN W

Lavatories

PERFORMANCE
The takeoff profile is shown in Figure 4-1, Also included as Appendix A-1 is the

computer printout of the takeoff data.

The mission profile is shown in Figure 4-2 énd weights and corresponding altitudes
are shown in Table 4-1. The computer printout of the mission performance data is

included as Appendix A-2.

ADDITIONAL ENGINE DETAILS

The details and characteristics of the baseline turbojet engine are described

in Table 4 2, the engine dimensions and schemat]c in F1gure 4-3, and the nacelle

inlet and exhaust dimensions in Figure 4-4.

2000
700 LB/SEC
1750 712,000 LB TOGW
MAXIMUM THRUST
1500
HEIGHT 1250 [~
ABOVE 1000
RUNWAY
(FT) 750 —
500 (—
250 |—
| | | |
0 5 10 15 20 o
DISTANCE FROM BRAKE RELEASE (1000 FT) 33

FIGURE 4-1. TAKEOFF PROFILE — SUPPRESSED MDC TURBOJET
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UPERSONIC CRUISE .ALT > 50,00

228
@ DECELERATE TO 360 KEAS

DESCEND AT
CONSTANT 350 KEAS
CLIMB FROM
M = 10TOM = 22

TIME ALLOWANCE =
15 MIN

FUEL ALLOWANCE =
6 MIN AT TAXI THRUST
1.5 MIN AT TO. THRUST

CLIMB AT
CONSTANT 360 KEAS
TOM = 1.0 AT 30,000 FT

DECELERATE TO
250 KEAS AT 10,000 FT

O_@

! RANGE

CLIMB AND ACCELERATE FROM 230 KEAS AT
1500 FT TO 360 KEAS AT 10,000 FT

BLOCK TIME AND FUEL

ENROUTE FUEL
l«—— ALLOWANCE (7 PERCENT TRIP FUEL)
CRUISE AT
@ LONG RANGE
30,000 FT
CLIMB AT

320 KEAS TO
CRUISE M

30 MIN HOLD
«» AT 15,000 FT
DECELERATE TO
10,000 FT 250 KEAS

DESCEND AT
250 KEAS

DESCEND AT
320 KEAS

FROM 250 KEAS AT SL
TO 320 KEAS AT 10,000 FT

RANGE 200 N MI®

FIGURE 4-2. MISSION PROFILE

TABLE 4-1
MISSION PROFILE — WEIGHTS
REFERENCE POINT WEIGHT
ALTITUDE MACH DISTANCE
1) 0 711,986 pounds
2) 0 705,986 "
3) 14 695,444 "
4) 30,000° 1.0 60 681,462 "
5) 53,000 2.2 458 624,881 "
.6) 65,000" 2.2 3793 424,181 "
7) 10,000 .64 3968 420,200 "
8) 10,000 .46 3976 419,601 "
9)  S.L. 0 + 4000 416,863 "
10) (7%) 396,204 "
11) 10,000 .55 392,142 "
12) 30,000 .91 386,005 "
13) 30,000 .91 378,764 "
14) 10,000 .58 376,391 "
15) 10,000' .46 375,960 "
16)  S.L. .38 372,982 "
17)  S.L. 0 372,982 "
18) (1/2 hour at 15,000') 363,233 "

(TOTAL FUEL 358,867 LB)

4-4

4000 N. MILES RANGE MISSION



¥ evE NI - INVId 1SNYHX3 Ol 39NV
137INI - HIONIT

Z9°0 (SIONYI4 HOVLLY 40 3INYId 1V)
OILlvYd 4I1-01-9NH

€°26 (NI) ¥3L3IWVIQ XVW 3INIONI

2°€9  (NI) ¥3L3IWVIQ Hlvd MO
SY9 137NI 3INIONI
SNOISN3WIA

96/°€l (917) Y0SSIYdANS/YISYIAIY/INZZON + quozu

0zLolL (97) 3NION3
1HOI3IM

estes (87} (Q3ITIVLSNINA WE'O €1S) "0°L LY LSNYHL

otz6s (81) (A3TWLSNINN .zm.o €7S) LSNYHL WNWIXVW

- e

082°%9 (81 - SI5) LSNUHL WOHIXYW

[(260l) 408l + AYQ 01S] SONILVY 4403AVL

14,0012 (3ISINYD X¥W)
14,0062 (GWITD XVW)
14,0092 ("0°L) dW3l LIX3 ¥0LSNEWOD

0:81L OILYY YNSSIAd 3TIAD
SIILISTYILIVYYHI 3TIAI NIIS3A

MO14HIV @3Lvy 23s/91 00L

AHYYWINNS J1LSIHILIVHVHI INIONT — 13r084N1 INIT3SvE

Zv 31avi

4-5
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160 ‘——-1
519 4R REAR MOUUT
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0 DIA '
= .
~o R \\\ \\-——4: ————— _\’“
26LDIA - _--i-‘__ ° . 70.0 DA
. D e _
| = - - \[
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FIGURE 4-3. DAC TURBOJET ENGINE SCHEMATIC
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5.0 "MDC BASELINE" AIRPLANE DESIGN DEFINITION

To validate the computer generated parametric studies,the "MDC Baseline" was used
as a point design. It utilizes the extensive detail evaluation studies conducted
over the past five years of NASA Systems Studies on a 750,000 1b, 250 passenger,
2.2 Mach number baseline design. This reference point airplane is a

design for which both Tow speed and high speed wind tunnel tests have been

run; a design for which Pratt and Whitney, General Electric, and Rolls-Royce,
have optimized engine cycles, inlets and nozzles, and for which sophisticated
structural modeling has been completed to cover étrength, aeroelastics, fatigue,
fail safety, and flutter, as well as weight estimations. Also, detailed values
of noise predictions are available matching the detailed airplane performance

estimates for the baseline design.

It is believed that the use of this MDC generated baseline as a hard-
point design for the computer generated parametric designs offers a degree of

validity not otherwise available in using parametric trade studies.

A parametric chart at the range and passenger payload of the MDC conceptual
baseline design is shown in Figure 5-1. The design gross weight of 750,000 1b
with an engine sized at 743 1b per'second to meet the requirements of FAR Part 36
(Stage 2) as used for this design point assessment is slightly off the

minimum weight point on the "knothole" plot. This is readily understandable as
the GE4 derivative engine js not the engine for which the MDC baseline design
was configured. The range of these designs, in Figure 5-1, is 4250 n. miles,
slightly greater than the 4000 n. miles desired for the "Common Case" airplane

design of ICAO WGE.



Section 4.0 describes the "Common Case" parametrics at 4000 n. miles, and the
"Common Case" airplane design resulting from use of those parametrics, a

712,000 1b airplane design that best meets FAR Part 36 (Stage 2 ).

This section defines design details that are pertinent to both configura-

tions and typical of configurations that would be represented by the parametric

studies.
DAC TURBOJET ENGINES
RANGE =4250 N MI
PAYLOAD=52930 LB
850
TAKEOFF GROSS WEIGHT (1000 LB)
800 - 770
MDC BASELINE DESIGN
ENGINE SIZE 750 -
(LB/SEC)

700
650 |- _

OT " 1 " | A 1 1

8000 9000 10,000 11,000 12,000

WING AREA (SQ FT)

B8-AST-6131

FIGURE 5-1. MODEL D-3230-2.2-5S SIZING STUDY



5.1

Configuration Integration

5.1,1 Configuration, Payload and Interior Arrangement. The configuration

described is a 250 passenger aircraft deve]oped from the McDonnell Douglas
baseline supersonic cruise vehicle from five years of refinement analysis. The
interior requirement is for a 34% first class and 66% economy class mix
accommodation. The resulting forward fuselage compartment is configured for
84 first class seats at 38-inch pitch, and the center and aft fuselage compart-

ments for 166 economy class seats at 34-inch pitch.

Double and single seats are used in the first class compartment giving a maximum
of four abreast. Double and triple seats in the economy class compartment are-
arranged to give a maximum of five abreast and a minimum of four abreast. Both

compartments have a single aisle of not less than 18-inch width.

Galleys, lavatories, and coat closets are installed forward and aft of each
passenger compartment. Enclosed compartments are provided above the passenger
seats for personal carry-on baggage. A1l door_sizes and number, and a{sle
widths and clearances comply with FAA airworthiness standards. The interior

arrangement is shown in Figure 5-2,

5.1.2 Wing Sizing, Geometry and *Structure. The aerodynamic analysis defines a

modified arrow wing planform of 10,000 ftz, which is based on the geometry and
aerodynamic characteristics of the pitch constrained wing as used for the wind

tunnel tests of the NASA/Douglas SCAR high speed model.

Leading edge sweep is 71° for the inboard panel and 57° for the outboard panel.

Thickness/chord . ratio is 2.25% at the plane of symmetry tapering to 3% at the
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trailing edge break, and maintained at 3% to the wing tip. The resultant wing
thicknesses provide sufficient spar depth for structural integrity, main
landing gear stowage and sufficient volume for mission fuel requirements in the

inner wing.

The wing structure is a multi-spar construction and consists of two structural
boxes. The main torque box and the forward box are separated by the main landing
gear bays. Wing skins are of titanium sandwich construction, providing high
structural efficiency and fuel tank insulation properties. The triangular wing
structure ahead of the carry-through structural boxes is pin jointed to the
fuselage sides to avoid wing carry-through structure and provides cargo/baggage
stowage in the fuselage between the nose gear bay aft bulkhead and thg forward

carry-through wing box structure.

5.1.3 Lateral Control and High>Lift Devices. - Low speed roll control is

obtained by the combinétion of conventional ailerons on the outer wing panel

and a four-segment spoiler/slot deflector system per $ide on the upper and lower
wing surfaces. At supersonic cruise, the ailerons are locked out and roll
control is obtained by use of the spoiler/slot deflector system only. Single
slotted flaps, between the engine nacelles, and outboard of the engine nacelles,
in conjunction with 1eadfng edge..devices, provide a high-1ift system for takeoff

and landing.

5.1.4 Fuselage Definition. - Fuselage definition is based on the idealized

aerodynamic wing/body area distribution and camber inputs, derived from layouts
of the cabin interior and minimum fuselage length requirements. The aero-
dynamic optimization of the wing/body area distribution observes the following

constraints in the fuselage cross sectional areas:



1. Minimum area requirements for a 3-man flight crew station.

2. Minimum cross section for 4-abreast first class seating plus nose
landing gear stowage.

3. Minimum cross section for 4-abreast economy seating.plus center main
landing gear stowage.

4. Minimum circular cross section for 5-abreast economy class seating aft

of the wing.

Wing carry-through structure, fuselage cabin requirements and preferred common-
ality of the three post main landing gear struts integrate carefully with the

low wing configuration.

Due to the fuselage and wing camber, systems space and structural requirements
above the center main landing gear bay, at cruise the center cabin floor is

at 4° to the aerodynamic reference plane (ARP). The forward cabin area floor
and the rear portion of the economy class cabin, aft of the wing, are at 0° to
the ARP. The static attitude of the ARP on the ground is 2° nose down. This
provides improved pilot's visibility, reduces nose gear length, and results

in passenger and cargo floors being not more than 2° from horizontal during
loading and unloading operations. Cargo/baggage compartments are provided in
the lower fuselage segment between the:aft bulkhead of the nbse landing gear
bay and the forward carry-through wing box spar, and in the rear fuselage aft

of the main cabin area and up to the fuselage rear pressure bulkhead.

5.1.5 Vertical and Horizontal Tail. - Vertical and horizontal tail sizes are

commensurate with the proposed usage of a stability augmentation system for a

reduced static stability design.

The vertical stabilizer is of multi-spar construction, mounted in line with
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fuselage frames. to achieve a simple rigid structure. A three segment rudder

is mounted aft of the vertical rear spar for yaw control.

The horizontal stabilizer is of multi-spar constructidn with a carry-through

main torque box. Pivot points are provided on the torque box and hinged to a
truss from the aft fuselage structure. A four segment elevator is mounted

to the aft rear spar of the horizontal main torque box. Aircraft pitch

attitude is controlled primarily by varying the incidence of the horizontal

tail surface. The control effectiveness is enhanced by the four segment elevator

geared to the main horizontal surface rotation.

‘Vertical and horizontal tail surfaces are staggered with respect to each others

~ Tocation on the fuselage to improve supersonic area distribution.

5.1.6 Engine Integration. - The four engines are installed under the wing in

axisymmetric structural nacelles utilizing mixed compression inlets.

Inboard nacelles spanwise location at the inlet face is 113.25 inches from the

centerline of the aircraft.

Outboard nacelles spanwise location at the inlet face is 301.5 inches from the

centerline of the aircraft.

Principal criteria for determining the spanwise locations for the nacelles are:
e Minimum wave drag.
o Adequate nacelle separation for minimum airflow interference.
e Compatibility with wing box structure.
e Location of control surfaces.
o Minimum interference of airflow with spray/slush ingestion from

landing gear.
Ing g 57



The forward and aft Tocations of the inlets are determined analytically from

inputs from aerodynamics, structural mechanics, acoustics and propulsion

technologies. The engine location selected provides the best solution to the

established criteria.

5.1.7 Engine/ Nacelle Attachment to the Wing. - Engine/airframe integration is

achieved by the use of a structural nacelle concept. The upper segment of

the nacelle is composed of semi-hoop frames skinned .with titanium/honeycomb panels.
This structure is integral with a pylon/box beam cantilevered aft of the wing

rear spar. The lower closing longeron of the structural nacelle segment carries
hinged non-structural access panels forming the lower segment of the engine
nacelle. The engine is mounted by means of links to the pylon/nacelle structure.
The forward mounting 1links carry thrust, side and vertical loads. The aft

mount carries vertical, side and torque loads and translates for engine growth

under operating temperatures.

The axisymmetric intakes are mounted to a full hoop frame on the front of the
nacelle structure. Flexible seals are :.provided to allow for relative
movement between intake and engine faces.

The boundary layer diverter is integrated into the engine nacelle/wing fairing.

5.1.8 Landing Gear. -~ Airport criteria, such as pavement thickness, turning

radius and tire wear, ~and the desirability for achieving gear retraction
within the wing profile, determined selection of a three-post main landing
gear. Each main gear bogie consists of a 12 tire/6 wheel and 6 carbon brake
assembly. Tire characteristics, including an aspect ratio of approximately
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0.60 and pressures of 240 p.s.i. are within the projected technology capability
of industry in the time scale for construction of the supersonic cruise

transport as defined in this study.

Nose gear requirements and stowage availability defines a twin wheel unit,

two wheels each 44 x 16 - 18 inches.

A11 four gear assemblies are designed to free fall and lock down in the event

of a gear extension power failure.

'5.1.9 Fuel Tank Arrangement. - The inner wing panel structure and skins are

designed to provide seven integral fuel tanks and one ballast tank per side.
For arrangement see Figure 5-3. The tanks are numbered in relation to the
engine fed‘by the system; i.e., tank system 1 feeds engine 1, etc. Engine

feed is from each main tank. The main tanks are kept full by transfer from the

associated alternate, auxiliary and/or center tanks.

The fuel management system maintains the required center of gravity location

of the aircraft by sequencing the transfer of fuel to the main tanks and

obviates the need for a balance tank system.

For payloads less than 50 percent of capacity, fuel will be used as..ballast to

maintain allowable c.g. locations.

5.1.10 <Configuration and Characteristics.- The resultant configuration and
geometry of the described aircraft model are shown on the general arrangement

drawing Figure 5-4.
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PRG-AST-4946

FIGURE 5-3. BASELINE TANK ARRANGEMENT

5.2 Propulsion System Definition and Performance

5.2.1 Engine Description. The engine defined for the "MDC baseline" airplane

design is a MDC defined dry turbojet based on the GE 4 engine cycle of the 1971
U.S. SST. This conceptual turbojet engine performance data has subsequently
been updated to incorporate 1980-1985 technology. This engine is used in
sizing to meet FAR Part 36 noise constraints and in the determination of

airplane performance.
The engine size resulting from integration into the airplane is 743 1b/sec inlet

corrected airflow at maximum combustor exit temperature at sea level,std. +18°F

(10°C) day,static takeoff operation. The engine exhaust system is a convergent-
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divergent ejector nozzle, incorporating a suppressor stowed in the nozzle within
the ejector shroud and utilizing trailing buckets as the exit area control and
reverser. The jet noise suppressor is a DAC design uti]izing 12 lobes and 24 tubes.
The maximum jet noise suppression is 10.5 PNdB at 2700 ft. per sec. ideal jet
velocity. The suppression is based on use of the suppressor and an acoustically
Tined ejector. In addition, th; reverser buckets are deflected to shape the

nozzle resulting in an additional 2.5 PNdB jet noise reduction for the sideline
measuring point. The exhaust.system in the suppressed mode and in the cruise

mode is shown schematically in Figure 5-5,

SUPPRESSOR MODE

oy ~

v.'.v.v"."'.'.'.' N X X
[ XX 2OOOOOOD 9
PSIIREEKLRARR 25555

LT
SUPPRESSO ACOUSTIC LINING THRUST REVERSER

8-AST-5992

FIGURE 5-5. DAC MECHANICAL SUPPRESSOR/EJECTER NOZZLE



A takeoff data pack listing is provided in Appendix A-3. These data are also

available in card format which can be made available.

The following matrix is incorporated in the takeoff data pack:

Altitudes - 0, 2000, 4000 feet
Mach Numbers - 0, 0.1, 0.2, 0.3, 0.4, 0.5
Rating Codes - 50 (Max takeoff, dry)

40 (Max climb)

35 (Max Cruise)

34

32

30 Y (Partial Powers)
28

26

" The performance includes effects of the following installation factors:

e Inlet recovery per Figure 8 of Reference 1.
o 0.28% Wh1eed PET engine

® 200 horsepower extraction per engine

® Drags (inlet bleed, bypass, spillage, boattail, nacelle skin friction).
e Standard +18°F day.

The data used are for fixed nozzle throat area, simﬂ]ating the suppressor deployed

mode. The nozzle is defined at rating code 44.5. The referred airflow
(wa/ra;E'GTz ) is 722 1b/sec in the {ata pack, although not so listed in the data pack .
At rating codes above 44.5, the engine airflow and RPM increase above realistic
limits. However, the performance data are valid for analytical studies. Once
the noise characteristics of the study vehicle are established, the engine
operating constraints can be redefined. The rating code of 44.5 is the maximum

power based on an exhaust gas temperature of 1700°F. This exhaust gas temperature

limit is based on an uncooled jet noise suppressor.




Engine-related configuration constraints are defined as follows:

® LP compressor (not fan design Mach no.) 1320 ft/sec
o LP Compressor area (less centerbody) 15.27 ft2

® LP Compressor diameter (at first stage rotor) 4.96 ft

® Jet nozzle Mach number 2.2

Other items (number of vanes, number of blades, number of inlet guide vanes,
rotor/stator spacing - percent blade chord, inlet flow distortion factor) are
not defined, but are assumed consistent with the. GE4 engine. The compressor
noise estimates are based on the'results of GE4 compressor tests and the method
published in Reference 2. The ratio of the compressor tip diameter to the

GE4 compressor tip diameter is 1.09375, and the ratio of the blade number to the
GE4 blade number is 1.05882.

5.2.2 Engine Sizing. Sizing criteria for the engine are to provide sufficient

thrust to meet a takeoff field length not to exceed 11,500 ft., to meet the require-
ments of FAR Part 36 (Stage 2 ) (without trading) and to maintain the exhaust gas

temperature through the suppressor at or below 1700°F.

The procedure used in meeting the'above constraints is to sé]ect the maximum allow-
able thrust (limited by the temperature through the suppressor) and vary design
~engine 'size. As the engine size 1s increased, the takeoff field length decreases
which results in an increase in altitude at the monitor. Figure 5-6 shows the |
results of the study. The sideline noise level remains relatively constant at

106 EPNdB with increasing engine size. The flyover noise variation is significant
and continues to decrease as engine size is increased. For the 108 EPNdB require-

menti,a minimum engine size of 743 1b/sec is selected for the baseline configuration.



0.3M STD + 18°F
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MAXIMUM TAKEOFF POWER

115 TOGW = 750000 LB, 250 PASSENGERS
743
110 [ FLyo
Vi g
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FIGURE 5-6. BASELINE TURBOJET ENGINE SIZING

5.3 Structural Definition. The structural definition is for an airplane whose

design is to be initiated in the 1980-1985 time period. The reference airplane
will be designed for cruise at 2.2 Mach and have a total flight lifetime of
50,000 hours. The McDonnell Douglas design life requirement including strength,
fatigue, fail-safe, aeroelastic and flutter considerations'is two lifetimes
(100,000 hours) of which 70,000 hours is at elevated temperatures (maximum of

250°F) for cruise.

No composite materials are ihc]uded for this 1980-1985 time period. Therefore, an

all metal airplane is defined to satisfy the technology readiness requirement.

Aluminums and titaniums have been studied extensively in the MDC AST activity to
establish the best structural applications and continuing studies are underway

to establish the fabrication concepts which are the most cost effective. For
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materials selecticn,the following summarizes the findings for the major structural

components for the 2.2 Mach cruise condition.

1. Aluminums are subject to creep, thermal stress, and reduced fatigue
resistance and,at moderate loadings and stress allowables,must be

limited to values approximately 40% less than for subsonic application.

2. Titanium does not appreciably deteriorate in allowables due to thermal

effects.

3. The resulting structural efficiency of an aluminum structure
(stress/density) is approximately 60% of an annealed Ti 6A1-4V

titanium structure.

The baseline materials, distribution of materials and preferred construction methods
are summarized in Figure 5-7. The majbr wing structure is assumed to be aluminum

brazed titanium honeycomb panels over titanium spars and ribs. Lightly loaded

Ny BRAZED TITANIUM HONEYCOMB PANELS

B TITANIUM SKIN, STRINGERS AND TEAR STOPPERS
WELD BRAZED

PR3-AST-4118F

FIGURE 5-7. AST MATERIALS AND CONSTRUCTIONS
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minimum gage leading edges are most cost effective if made of aluminum. The
lower temperature trailing edge wing surfaces are also of aluminum. The
fuselage is assumed to be titanium and of conventional skin and stringer éon-
struction. It also contains aluminum for the low temperature lightly loaded
inner frames and/or other secpndary structure such as floor beams. The reSu]ting
airframe structure is 64% titanium, 27% aluminum and 9% steel (landing gear

and propulsion system).

5.4 ACOUSTIC ANALYSIS

5.4,1 Noise Sources. The noise sources for the reference aircraft are related

to the turbojet gas-turbine engine propulsion system, and the airframe-generated
-noise from such sources as the extended landing gear, the deployed flaps and the
large wing surface vortices., Engine noise includes the compressor generated
turbo-machinery noise radiating forward from the inlet, the turbine generated
turbo-machinery noise radiating aft from the exit, and the externally genefated

jet noise.

Methods of suppression of jet engine noise include inlet throat choking, inlet
duct-lining treatment, and jet noise suppressors. Turbo-machinery generated
noise can be reduced by aerodynamic design features that reduce the noise

generation at the source. A jet noise suppressor-mixer is constructed of

Tobes and tubes to accelerate mixing followed by an acoustically lined ejector

which induces secondary air into the exhaust to reduce the mixed velocity

at the exit.

5.4,2 Jet-Engine Noise. - The noise produced by jet engines can be classed in two

broad categories: (1) external jet noise generated within the jet efflux and (2)
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internally generated turbo-machinery noise resulting from the combustion process
and the fluctuating forces associated with the rotor, stator, and fan components
of the engine. MDC developed engine-noise-prediction computer programs are used
to estimate the far-field noise produced by these external and internal sources.
The prediction method represents an amalgam of theoretical analyses and empirical
data that relate far-field noise levels produced by the various engine noise
sources to appropriate geometric, aerodynamic, and thermodynamic variables. In

developing the prediction method, MDC used information obtained from the engine

manufacturers, as well as the results of various static engine tests and aircraft

flyover-noise tests conducted by MDC.

The predicted noise levels of a jet engine include estimates of the broadband

and discrete-frequency components of the noise radiated from the engine inlet
duct and the turbine-discharge duct. Estimates of inlet noise include multiple
pure tone (buzz saw) components when the compressor stages are operating at |
sonic or supersonic gas velocities relative to the rotor. Estimates of internal
engine noise include combustion noise and low-frequency broadband noise resulting
from aerodynamic disturbances upstream of the primary nozzle. Estimates of
turbine generated noise include discrete tones of the harmonic frequency and
multiples thereof and broadband‘hoise due to haystacking. Estimates of jet

noise include contributions due to the mixing processes occurring between the

hot primary jet and the atmosphere. Spectra that represent the noise contribu-
t{ons from the sources described above are calculated, in terms of 1/3-octave-band
sound pressure levels (SPL), for various angles along a 100-foot circular arc
about an engine. A computer program, Gas Turbine Engine Noise (GTEN), has been

developed to carry out certain of the calculations.
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:The-strength and the directivity of far-field noise levels are related to
'appropfiate éerodynamic and geometric parameters. for various cbmponenté of a
propulsion system. A stage-stacking or component building-block appfoach}is
used to estimate the noise produced by separate engine components. For a gas
furbine engine, the six components considered are:

1. Inlet quide vanes : 5. Turbine stator

2. Compressor rotor - 6. Primary exhaust nozzle

3. Compressor stator

-4, Turbine rotor

| In makjng noise estimates for the reference engine,.Douglas uses compressor,
core (fﬁterna] engine) and primary jet as the engine noise sources and dirframe
generated noise to predict the total airplane noise. The compressor noise
subroutine in the MDC GTEN computer program uses data from the test results of
the GE4 engine compressor as the data base. The semi-empirical method is defined
in Reféfence 2. The jet noise and core noise prediction subroutines are empikica]]y

lbased on both flight and static full scale engine data taken from many different

engines. The nonpropﬁ]sive noise prediction procedure is based on the early

: work of othef investigators and modified by MDC to include recent data for

~ wide-body transports.

v‘Predict%on of the’noiSetproduced by e;ch sourcevresults in a matrix of 1/3-octave-
band‘SﬁLJspecfrd for'ang]es between 0° ahd 180° from the inlet, for various

power éetfings. Attenuation spectra from the acoustic Tinings, near sonic

inlets, and jet Suppressor are subtracted from appropriate untreated SPL spectra
to obtain treated SPL spectra. Tﬁe treated SPL spectra for each component

are extrapolated to the desired distance, accounting for spherical divergence,
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atmospheric attenuation, Doppler shift and forward velocity effects. Estimates
of the noise from each source are then combined to calculate the total engine-

noise component of the aircraft flyover noise signature.

The flyover time histories and SPL frequency spectra of the engine unsuppressed
noise sources at the FAR Part 36 sideline and approach measuring stations are
calculated by the Douglas procedure. At the sideline measuring condition,
jet noise is the dominant noise source and it requires substantial noise
reduction. During approach, compressor noise has a greater impact on total
engine noise. Both acoustical treatment and a high throat Mach number inlet

are added to reduce compressor noise.

5.4.3 Suppression. The levels of jet noise suppression applied for the sideline
and takeoff/cutback conditions are based on measured test results at model
scale, presented in Figure 5-8.

DAC SUPPRESSOR/EJECTOR
(TREATED EJECTOR)
M=03

ROLLS-ROYCE TEST RESULTS
11

10 / / Bl
9 /
SUPPRESSION /
(PNdB)

/ SUPPRESSION DUE TO NOZZLE EXIT
SHAPING SHOULD BE ADDED

6
1600 1800 2000 2200 2400 2600 2800 3000
IDEAL JET VELOCITY (FT /SEC)

8-AST-6146

FIGURE 5-8. NOISE SUPPRESSION LEVELS
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At the sideline condition, the effects of extra ground attenuation and fuselage
shielding are included by an allowance for lateral noise attenuation. In
addition, an exhaust shaping factor of 2.5 EPNdB reduction is included (but not

shown) in the final estimate, based on the information published in Reference 3.

The reference turbojet design includes a treated inlet, based on conventional
sound absorbing material design procedures. A choked inlet has not been
found necessary for the MDC configuration. The estimated approach noise level

is 108 EPNdB with the treated inlet.

5.4.4 Summary. An acoustic study has been conducted for the dry turbojet engine
to determine the noise reduction needed to meet the current FAR Part 36 noise
level requirements ahd to specify a preliminary design to accomplish the noise
reduction required. Because a balanced acoustic design is desired,hardwall and
'treated PNLT-time histories are predicted for the three FAR Part 36 conditions
of approach, sideline and takeoff. The noise sources include compressor,

~ core and jet noise, and airframe generated noise for approach only. The

predicted aircraft noise levels are listed below.

FAR Part 36 Conditions Hardwall EPNL Treated EPNL
Approach | ; 114 EPNdB 108 EPNdB
Sideline 116 EPNdB 106 EPNdB
Takeoff/Cutback ‘ 114 EPNdB ' 108 EPNdB

.-

5.5 Structural Analysis

5.5.1 Strength Analysis. Structural analysis is aided by computing programs.

The primary structure is represented by a model for the analysis. Figure 5f9
shows the models which represent the wing and Figure 5-10 shows the combined

wing and fuselage model for the configuration.
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UPPER WING

"LOWER WING

FIGURE 59. STRUCTURAL MODEL — MACH 2.2 PLAN VIEW

5-22 -




FIGURE 5-10. -5A BASELINE MEMBRANE MODEL

Accountability is made in the analysis for the effect of engine size and c.q.
location on wing and fuselage carrythrough structural weight. The moment of
the engine overhang from the rear spar is a function of the engine c.g. location. 4
The engine size is accounted for by the weight change at the engine c.g. .

Considerable work has been devptgd to isolating these effects. For this study,
these structural effects are included in the optimization analysis as both the

engine weight and c.g. location are specific inputs.

Critical wing and fuselage load gonditions for the Mach 2.2 case are

summarized in Figures 5-11, 5-12, and 5-13.
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5.5.2 Structural Analysis Models. - The finite element idealization used for

the static analysis and fail-safe studies is based on drawing J113984 for the

baseline 2.2 M configuration.

The complete structural model (Figure 5-6") consists of 2140 inches length
of half-fuselage from the nose gear attachment bulkhead at y = 1100 inches to
the rear pressure bulkhead at y = 3240 inches, and the half-wing primary structure

from y = 1520 inches to the rear spar at y = 2600 inches.

The fuselage consists of 18 lumped frames and 6 lumped longerons. The top and

second rows of skin panels are modeled with membrane elements. The remaining
fuse]age'pane1s carry pure shear. A keel member extends from y = 1760 inches

to the rear spar. The inner wing has 11 spars. The front two spars are not
continuous through the fuselage. The rear five spars, to which the outer wing

is attached, form the main torque box. The upper and lower wing skins are

modeled as membrane elements. The spar and rib webs are modeled as shear panels.

The main gear is attached to spar 4 at y = 2320 inches between ribs at x = 150 inches
and x = 250 inches. The gear retracts forward into a housing between spars

3 (y = 2000 inches) and 4. The lower skin in this area is omitted. The inter-

mediate spar at y = 2160 inches contains a cut-out to accomodate the oleo.

The engine pods are mounted on box beams extending aft*of the rear spar. The

four main wing r%bs are modeled as e?tensions of these beams. Truss members

extend from the leading and trai]ingfedges of the model to the true leading and
trailing edges. Thesg trusses trangmit aerodynamic loads only and are not primary

structure.

Thé-mode] consists of 478 joints, 993 bars, 399 shear panels and 186 membrane

panel elements, giving 3163 element stresses and design variables.
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5.6 WEIGHT ANALYSIS

The weights for the AST are developed from multi-component semi-analytical/
empirical methods which utilize criteria and geometﬁy inputs. These methods have
evolved from post design analyses of several subsonic production transport
aircraft and from previous and current study aircraft programs. Weights for

the wing box, flutter and aeroelasticity increment, center fuselage, and nacelle
inlet also include the results of detailed AST structural/weight optimization
analyses. The weights for the engine, nozzle, reverser, and suppressor are

provided by the engine manufacturer.

Table 5-1 presents a summary of the operational empty weight. The operational
items include the cockpit and cabin crew, food and passenger service items,
potable water, lavatory reflux, life rafts and 1ife vests, baggage and cargo
containers, unusable fuel, and engine 0il. Galley structure, inserts, and carts
are included with the furnishings group. Table 5-2 summarizes the design weights

and airplane geometry.

5.7 Airplane Performance

5.7.1 Aerodynamic Analysis. The high-speed characteristics of the aircraft

for use in the mission performance analysis are based on the results of wind
tunnel tests of the configuration adjusted for differences between the wind
tunnel model and the aircraft and aerodynamic improvements adopted since the

design of the wind tunnel model.

The Tow-speed characteristics are based on adjustments of SCAT 15F wind tunnel

data for the differences between the configurations.
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- Wing

Horizontal Tail
Vertical Tail
Fuselage

Landing Gear
Flight Controls
Nacelle/Inlet
Propulsion

Fuel System
Emergency Power Unit
Instruments
Hydraulics
Pneumatics
Electrical
Navigation & Comm.
vFurnishings

Air Conditioning
Ice Protection
Handling Provisions

Flutter & Aerocelasticity

MANUFACTURER'S EMPTY WEIGHT
OPERATIONAL ITEMS
OPERATIONAL EMPTY WEIGHT

TABLE 5-1
WEIGHT SUMMARY
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WEIGHT, LB

74,825
3,960
3,807

47,713

36,792
9,115

11,860

57,144
3,820

950
1,227
5,684
1,332
4,850
2,756

23,477

4,854
489
190

2,860

297,605
7,829

305,434



TABLE 5-2
. DESIGN WEIGHTS AND GEOMETRY SUMMARY

Design Weights

Maximum Takeoff (1b) ' 750,000
Maximum Landing (1b) 433,000
Maximum Zero Fuel (1b) 383,610
Wing Geometry
Area - Gross (ft ) 10,000
Aspect Ratio . 1.84
Taper Ratio .128
Sweep of L.E. (deg) - Inbd./Outbd. 71/57
t/c (%) - RooE/Tip 2.25/3.0
Flap Area (ft¢) 645
Slat Area (ft?) - 710
Aileron Area (ftg) 213
Spoiler Area (ft¢) 200
Tail Geometry 2
Horizontal Tail AEea (ft°) : 1000
Elevator Area (ft<) 274
Horizontal Tail Length (In.) 1175
Horizontal Tail Vo]ume2 .15
Vertical Tail AEea (ft<) 700
Rudder Area (ft“) 191
Vertical Tail Length (In.) 1015
Vertical Tail Volume .044
Fuselage Geometry :
Length (In.) 3720
Maximum Height (In.) 178
Maximum Width (In.) 150
Wetted Area - Gross (ft ) 9235
No. of Passengers 250
First Class _ 84
Tourist : ' 166

The Tow-speed 1ift curves as a function of flap deflection are shown in Figure 5-14.

The Tow-speed drag polars are shown in Figure 5-15.
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FIGURE 5-15. TRIMMED LOW SPEED POLARS

5.7.2 Performance Results. The takeoff performance and takeoff flight path are

determined by the following procedure:

1. Accelerate on ground to rotation speed determined as the speed which,
with one engine out, will result in reaching V2 speed at the obstacle

(35 foot height).
2. Rotate at 3°/second until lift-off.
3. Continue rotating at 3°/second until reaching zero acceleration.

4. Maintain zero acceleration until reaching a height above the runway of
35 feet.

5. Push over at 3°/sec until reaching an accelération of 2 foot/secondz.

6. Hold 2 foot/second2

acceleration until reaching desired climb-out speed
(nominally 10 KEAS above the equivalent airspeed at the obstacle).

7. Gear retraction 13 seconds from 1lift-off.
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8. Maintain equivalent airspeed to monitor.

9. At a point three seconds before passing over monitor, reduce throttle to
thrust level corresponding to an equilibrium a]]kengine gradient of four
percent (engine out gradient > 0) at the existing equivalent airspeed.

10. Thrust is reduced exponentially to reach the four percent gradient value

directly over the monitor.

V2 is calculated as the minimum speed meeting the following requirements:
a) 2 1.125 times the speed for zero rate of climb (VZRC) one engine out,
gear up, out of ground effect.
b) 3% climb gradient with one engine out, gear up, out of ground effect,
zero bank angle.
c) 2% climb gradient with one engine out, Qear up, out of ground effect,
18° bank angle.
Lift off speed must meet the following requirements:
a) 21.05 times the minimum unstick speed (VMU) one engine out.

b) = 1.10 times the minimum unstick speed (VMU) all engines.

Mission performance is calculated using the mission rules illustrated in Figure 5-16.

DetaiTs of the climb path are illustrated in Figure 5-17.

The effect of engine size on mission performance is obtained by holding takeoff
gross weight and wing area constant and varying engine size. The effects of
changes in engine size on weight empty and aerodynamic cruise efficiency (L/D)

are carefully evaluated as shown in Figure 5-18. The resulting range potential is
shown in Figure 5-19. It is desired to select an engine size corresponding to
maximum range, however, in this case the engine size of 743 1b/sec is the smallest

engine which meets the noise constraints established for the study. Therefore, the

_range penalty incurred is 1 percent for the engine matched to the noise requirements.
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The range characteristics shown were obtained with the engine data as available
in the MDC basic deck, except that the results were reduced by 1.5 percent as

an allowance for anticipated losses due to the acoustic treatment on the

exhaust nozzle.



6.0 CERTIFICATION ANALYSIS

6.1 Acoustics. Many factors must be considered in estimating the probability
thaf an AST aircraft design can meet the three point FAR Part 36 noise certi-
fication criteria. Some of the major factors include the accuracy of the
flyover noise prediction procedures, the jet noise suppression actually
attainable in flight compared to the predicted, the aerodynamic and engine
performance achieved inflight compared to the predictions, and the flyover

noise measurement repeatabi]ity. Two factors which have a major impact or

- conflict are those associated with jet noise suppression levels and the accuracy
'of predicting the measured noise levels. These subjects are discussed in the

following paragraphs.

6.1.1 Jet Noise Suppression Levels. At the present time, MéDonne]l Dduglas,

Ro]]s-Royce and the British Rerospace Corporation are conducting a cooperative
flight test program on unique methanica] suppressor designs, with flight
support from the Royal Aircraft Establishment at Bedford, England. The flight
test program utilizes a Hawker Siddely HS-125 twin engined aircraft with an
uprated Viper Mk. 601 engine on the port side and a standard Viper Mk. 520

on the starboard side. The suppressors are to be mounted on the uprated 601

engine and nacelle.

The suppressor design concepts have been tested at model scale on the Ro11s-Royce
spinhinq rig and in the NASA-Ames 40-foot x 80-foot wind tunnel. Flight data

at a reasonable scale is needed to confirm favorable test results.

6.1.2 Estimation Tolerances Needed for Flight Certification Confidence.

The widespread differences in noise estimates noted in Reference 4 illustrate
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the difficulties in predicting noise levels of new aircraft/engine combinations
prior to flight. No one can be certain what the correct levels are or, in

fact, that the correct 1evels‘are within the spread of the levels 1istéd. Thus,
the prediction accuracy between the estimate and the actual value is unknown

at this time. Large scale flight demonstrations of similar hardware are

required to estimate the prediction tolerances. Some ﬁrediction tolerances

will be required to estimate the probability of certification in any new aircraft
configuration prior to authorization of production. For example, a certification
confidence chart, Figure 6-1. published in Reference 5 jllustrates the

~ situation in terms of one standard deviation, ¢, for a measurement accuracy

(o = 0.5 EPNdB) and several levels of prediction accuracy. For example, with

a prediction accuracy (o = 2 EPNdB) and the given measurement accuracy, a
tolerance of 3 EPNdB/measuring point is required to achieve an 80 percent
probability of certification. With the same tolerance of 3 EPNdB/point, a
prediction accuracy of 1 EPNdB is needed to achieve a 100 percent probability

of certification, according to Figure 6-1.

The above discussion highlights the risk involved in relying on noise level

predictions made prior to flight.

6.1.3 Comparison of Noise Prediction Estimates. In Reference 4, a table of

noise estimates from an SST reference engine is shown with values listed from

various organizations throughout the world. The reference, or "strawman", pre-
diction procedure, suggested by the subcommittee chairman. gives levels slightly
different from those of the various organizations. The McDonnell Douglas procedures,
for example, produce estimates of unsuppressed EPNL values 1 EPNdB lower than the

"strawman" procedure at full takeoff power, four EPNdB higher at cutback power and
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equivalent at approach power. In Reference 4, several additions and/or revisions
are suggested to permit the "strawman" procedure to predict noise levels more
closely in agreement with the measured test cases. However, the net effect of
these proposed changes to the "strawman" procedure cannot be evaluated a priori
on what changes would occur to the predicted noise levels for the SST reference

engine.

~In addifion, the level of jet noise suppression provided by a mechanical suppressor
is the subject of controversy. Not only is the level of jet noise suppression
under discussion, but also controversial is the correct reference, or baseline,
nozzle for an advanced supersonic engine. Thus, both the noise level for the
proper reference nozzle and the resultant noise level with jet noise suppression

“are the subjects of much discussion. - An exhaust system for an advanced design
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turbojet engine intended to propel a transport at supersonic cruise conditions
would probably feature a form of a convergent-divergent nozzle. If the nozzle
were designed without noise constraint, it would be fully hardwall. Noise
predictioﬁs for such a reference nozzle are relatively straight forward. However,
when one considers the advanced coannular nozzle designs which feature inverted

velocity profiles, the question of what is a true reference nozzle is raised.

6.2 Performance. The effects of degraded performance on the noise levels
predicted for the aircraft have been investigated and three cases are shown in
Figure 6-2. For the case where the cruise L/D or SFEC is degraded by 2% and
the gross weight is increased to maintain the same range, there are small
penalties in both field length and flyover noise. For the case of a 20,000 1b

increase in operating weight and, assuming the engine thrust (at the same engine

FAA REFERENCE AIRPLANE
RANGE = CONSTANT

TOGW FIELD LENGTH SIDELINE NOISE FLYOVER NOISE

(LB) (FT) (EPNdB) (EPNdB)
BASELINE 750,000 7800 106 108
CRUISE SFC OR 757,500 8040 106 108.5
L/D DEGRADED 2% )
+20,000 LB OEW AND 792,500 7800 106 109
THRUST INCREASED
+20,000 LB, OEW AND 792,500 9130 106 110

- NO THRUST INCREASE

8-AST-6112A

FIGURE 6-2. RISK ASSESSMENT SUMMARY
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size) is increased to maintain the same field length, there is a significant
penalty in flyover noise. For the same case where no thrust increase is possible,
the f]yover‘noise increases again due to the lower altitude at the monitor.
Consideration must be given to tolerances on certified noise values in

guaranteed airplane performance.
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APPENDIX B

'MODEL D 3230 - 2.2 - 5§

DAC Turbojet Engines

Wing Area - 10,000 Sq.Ft.
Engine Size - 700 1b/sec
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APPENDIX C
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