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SUMMARY

A study has been conducted to assess the impact of variable-sweep-wing
technology with relaxed static stability requirements on a supersonic-cruise execu-
tive jet with transatlantic range. The baseline concept utilizes superplastic
formed/diffusion bonded titanium structural concepts and modified current tech-
nology engines and meets the supersonic-cruise Mach number requirements while
providing excellent low-speed characteristics. Advanced composite structural
concepis and alternate engines were aliso evaiuated as were alternate fiight
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iles for reduced sonic-boom overpressures during overland flight.

The baseline concept has a ramp weight of 64,500 pounds with a crew of two and
eight passengers., Its Mach 2.0 cruise range is nearly 3,500 nautical miles, and
its Mach 0.9 cruise range is over 5,000 nautical miles. Takeoff, landing, and
balanced field length requirements were calculated for a composite variant and are
all less than 5,000 feet.




INTRODUCTION

Variable-sweep wings have been proposed for use on supersonic-cruise civil
aircraft due to conflicting requirements at low and high speeds. At lTow speeds,
wings with low sweep and high span provide performance compatible with airport
requirements; wings with high sweep and long lifting surfaces have good efficiency
for the supersonic cruise conditions. Early variable-sweep, civil designs (ref. 1
through 4) were adversely affected by the need to maintain static longitudinal
stability throughout the operating envelope. This stability reached high levels at
cruise due to rearward shifts in the aerodynamic center with increases in both wing
sweep and Mach number, Although the adverse effects of wing sweep were reduced by
the introduction of outboard wing hinges, the large wing gloves associated with
these hinges tend to produce severe low-speed nonlinearities in pitch character-
istics. This problem required the linearizing effects of a low horizontal tail.
The hostile acoustical and thermal environment for the low tail, due to the presence
of the jet exhausts, led to the introduction of the compound wing/horizontal-tail
concept with the tail-mounted engines. This last concept, however, had severe
aeroelasticity problems.

The application of variable-sweep concepts to supersonic-cruise civil aircraft
now appears more feasible due to developments in stability and control technology.
Relaxed static longitudinal stability is utilized on several high-speed aircraft,
even in vehicles with limited longitudinal control power (such as the Concorde).
This paper reports on the application of such technologies to the conceptual
development of a supersonic executive jet. Mission requirements are for a vehicle
to carry eight passengers at not less than Mach 2.0 with a transatlantic range.
References 5 and 6 report the results of studies of fixed-wing concepts designed to
meet similar requirements.
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Subscripts:

SYMBOLS

aerodynamic center

cross-section area

mean geometric chord
center-of-gravity location

drag coefficient, (Drag)
q

drag coefficient increment for landing gear

1ift coefficient (Lift)
as

pitching-moment coefficient (pitching-moment)

qSc

zero-1ift pitching-moment coefficient
longitudinal stability parameter, percent ¢

altitude
calibrated airspeed in knots
lift-drag ratio (CL/CD)

Mach number

sonic-boom overpressure
freestream dynamic pressure
wing reference area
aircraft weight

Cartesian coordinates

angle of attack

deflection angle of movable surface, normal to hinge line

wing sweep angle

friction
wing flap
horizontal tail




L.E.
max

TE

leading edge

max imum

zero-1ift condition
roughness

trailing edge

wave




PART I. - CONCEPT DEVELOPMENT
A. W. Robins

The first step in the evolution of the conéept configuration was the
definition of a representative geometry and the calculation of the associated
stability and trim characteristics. A more detailed configuration definition was
subsequently developed with emphasis on aerodynamic performance at high speed.
Aeroelastic effects, although very important to a full-fledged design effort, are
not Tikely to alter feasibility and are beyond the scope of this study.

Stability and Trim Considerations

The primary objective of the concept development was for the aircraft to be
essentially self-trimming throughout most of its operating envelope, using only
wing sweep and wing trailing-edge flaps. Horizontal-tail deflection is thereby
reserved largely for longitudinal control, particularly at the heavier weight
conditions.,

The operational concept of the study aircraft depends upon the variable-
stability nature of variable sweep as portrayed in figure I-1, which shows the
effects of wing sweep and Mach number on rigid-aircraft, static longitudinal
stability. The subsonic and transonic values shown were obtained using the methods
of references I-1 and I-2 adjusted according to the data of references 3 and 4 of
the Introduction. Supersonic values were obtained using the method of references
[-3, I-4, I-5, and I-6. The moment center for this figure corresponds to the
center of gravity of the aircraft at maximum takeoff gross weight. The configura-
tion is seen to be statically unstable longitudinally at the lower angles of wing
sweep -- a design condition not permitted during the development of the variable
sweep concepts of the National Supersonic Transport program. This static
instability permits trimming the aircraft with downward flap deflection. Zero-lift
pitching-moment increments at 20 and 30 degrees of sweep and for various flap
deflections were calculated by the method of reference I-7, and corrected to
reflect the tail-on condition and the nonlinearities seen at the higher flap
deflections in the experimental data of reference 3 of the Introduction. The
supersonic values were obtained by the method of references I-3 through I-6.

Figure 1-2 shows some values taken from figure I-1 plotted as the pitching-moment
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curves corresponding to takeoff at maximum gross weight, landing at maximum landing
weight, and the begin-cruise condition. In each of these three cases the configu-
ration is trimmed at zero tail deflection and at a center-of-gravity location
corresponding to that for takeoff at maximum gross weight. Flap deflections of
15°, 40°, -1°, and wing sweep angles of 27.3°, 20°, and 68° are required for the
takeoff, landing, and begin-cruise conditions, respectively.

In contrast to the fixed center-of-gravity cases shown to this point,
optimizing the overall wing/tail geometry for a given flight condition will require
use of the variable center-of-gravity feature (programmed fuel utilization) of the
aircraft. Figure I-3 shows the center-of-gravity envelopes and the rigid-aircraft
aerodynamic centers for the three conditions called out in figure I-2., The three
points denote those constant center-of-gravity conditions for takeoff, landing, and
supersonic cruise previously shown, At the lightest landing weights, even at the
most aft center-of-gravity condition, the aircraft will be neutrally or positively
stable, requiring some horizontal-tail deflection for trim. At the supersonic-
cruise condition, the aircraft is seen to be statically stable at all weights. To
optimize configuration geometry for this critical condition, aft movement of the
center-of-gravity is necessary. When done in conjunction with a wing-flap deflec-
tion of -4.25 degrees (which provides both improved trimming moment and what will
subsequently be shown to be lower drag), this will permit trimming the aircraft at
a drag-reducing tail-deflection of +2.0 degrees (see section V of reference 5 of
the Introduction). Figure I-4 shows pitching moment versus 1ift coefficient at
this reduced-stability condition and shows the effects of both flap and tail
deflections. These and the supersonic drag-due-to-lift values (to be subsequently
shown) were calculated using the method of references I1-3 through I-6.

Wing Camber and Twist Considerations

Subsonic performance considerations led to the choice of derivatives of the
refined NASA supercritical airfoils of references I-8 and I-9 at 20 degrees of
sweep. At 68 degrees sweep, decambering of the resulting airfoil sections by
upward deflection of the wing flaps resulted in improvements in induced drag as
seen in figure I-5.

In developing the cruise shape of the wing, wing twist was exercised using the
method of references I-3 through I-6, With the reduced stability (and an attendant
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reduced trimming-moment requirement) and with the blunt leading edges swept well
behind the Mach line, a mild twist distribution (a wash-out of just over 3 degrees)
was selected. Figure I-5 shows, however, that the selected geometry very nearly
achieves the ideal of full leading-edge thrust, combining the distributed thrust
arising from camber and twist with significant‘amounts of leading-edge thrust (see
ref. 1-10).

Wave Drag Optimization

Once the 1ifting system was defined, the remaining components were assembled
to retain the drag-due-to-l1ift characteristics of the lifting system while
substantially reducing configuration wave drag. The largest-volume item, the
fuselage, was integrated in the supersonic lifting system by providing that its
rate of change of cross-section area above and below the wing camber surface be
equal (see refs. I-11 and I-12). In the optimization of supersonic wave drag, a
far-field analysis method described in reference I-13 was utilized. A feature of
the program is an ability to define a least-drag fuselage area-distribution through
a set of constraining fuselage stations in a given assemblage of components and for
a given Mach number. This feature was utilized after careful tailoring was
employed to alleviate sharp local changes in area development such as at the junc-
tion of the thick upper elements of the vertical tail and the horizontal tail or at
the empennage/body juncture. The empennage pod and dorsal fins are results of such
tailoring. The final fuselage area distribution with the specified constraint
stations is shown in figure I-6. The Mach-2,0 average-equivalent-body area distri-
bution, with the contributions of the various configuration components indicated,
is shown in figure I-7. The numerical model of the complete configuration in the
format of reference I-14 is shown in table I-I. A computer drawing of this
modeling is shown as figure I-8.
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Figure I-8. - Computer drawing of numerical model of complete confic
App = 68°.
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PART II. - CONFIGURATION DESCRIPTION
F. E. Swanson

The variable-sweep-wing concept has the same payload accommodations as those
concepts studied in references 5 and 6 of the Introduction. Payload consists of 8
passengers and baggage with a flight crew of 2, Design range was targeted for
approximately 3,500 nautical miles at a cruise speed of Mach 2.0. The passenger
compartment cross section is similar in size to the Cessna Citation III. The
arrangement, shown in figure II-1, has 2 three-place, divan-type seats facing the
aircraft centerline with 2 single seats facing forward. The arrangement shown was
selected to provide a minimum-length passenger compartment. Eight single-passenger
seats could also be installed with reduced leg room based on light-weight airline
type seats. A lavatory and a baggage area are provided aft of the passenger
compartment., Approximately 50 cubic feet of space is allocated for passenger and
crew baggage.

Weather radar and associated equipment is located in the nose section of the
fuselage. Space allocation for the remaining subsystems, hydraulics, electrical,
.environmental control, and engine accessories, is provided aft of the baggage area
as shown on figure II-1., Six fuel tanks are provided in the fuselage plus fuel in
the wing box carry-through structure. Wing fuel consists of a triangular shaped
tank forward of the wing pivot and outer wing fuel from the wing pivot to the tip
between the front and rear spar.

A general arrangement and geometric characteristics of the study concept are
presented in figure II-2 and table II-1, respectively. The fuselage is 107 feet
long and the aircraft overall length is 114.42 feet. Wing span is 68.58 feet with
the wings in the full forward sweep position and 40.39 feet in the full aft sweep
position. A spanwise plot of streamwise thickness to chord ratio with the wing in
the full aft sweep position is shown in figure II-3. Camber and thickness
ordinates and planform details may be found in table I-1,

The engine used in this study is a modified version of a low bypass turbofan
engine. Nacelle geometry is shown in figure II-4, The nacelles are mounted on
struts cantilevered off of the fuselage below the wing. These same struts provide
for mounting of the single strut dual wheel main landing gear which retracts into
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the fuselage. The nose landing gear is a single wheel, single strut arrangement
and retracts forward of the crew compartment into the aircraft nose, aft of the
radar equipment.

In the previous supersonic business jet studies, a drooped visor nose was used
to provide increased pilot vision during takeoff and landing. For this study
concept; the nose camber of the fuselage was developed so that approximately 6
degrees of forward down vision are provided at the centerline of the pilots station
with the aircraft at the static ground condition. In addition, during the landing
approach condition, the aircraft attitude is approximately 6 degrees nose down from
the normal cruise 1.0 g. flight condition. With these considerations, it was
assumed that pilot vision would be adequate to safely operate the aircraft.
Eliminating the visor nose saved approximately 250 - 300 pounds of structural and
operating mechanism weight. Further design and simulator studies would be required
to fully evaluate the feasibility of this concept.
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TABLE I1-1, - GEOMETRIC CHARACTERISTICS.

HORI ZONTAL VERTICAL
ITEM WING | TAIL TAIL
REFERENCE AREA, Spep, ft? 690.00 71.00 55.59
MAC (REF), Epccs ft 19.79 7.03 9.68
SPAN, b ft 37.00 11.30 9.68
ASPECT RATIO 1.984 1.800 .667
SWEEP, L.E., A, deg 68 65 60
ROOT CHORD ft 26.64 10.05 13.03
TIP CHORD ft 10.66 2.51 5.21
ROOT t/c % 4.667 2.996 2.996
TIP t/c % 0 2.996 2.996
TAPER RATIO, A .40 .25 .40
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Figure II-3. - Wing spanwise thickness distribution. Full aft wing-sweep

condition.
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Figure II-4, - Nacelle geometry.
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PART I1I1. - AERODYNAMICS

F. L. Beissner, Jr.
A. W. Robins

Low-Speed Aerodynamics

The untrimmed 1ift curves and drag polars for the takeoff and landing
configurations were predicted using the method of reference III-1 and are shown in
figures III-1 and I11-2, These predictions are based on full-span leading-edge
slats and 85 percent span single-slotted, trailing-edge flaps. The takeoff and
landing configuration leading-edge sweep was selected on the basis of stability
considerations covered in Part I. Appropriate flap deflections were chosen to
obtain the characteristic 1ift and drag curves.

High-Speed Aerodynamics

Much of the methodology used to generate the high-speed aerodynamics of the
configuration was discussed in Part I, which covered concept development. Drag
items not discussed were skin friction, form, and roughness. Skin-friction drag
values were found by the Sommer and Short T' method of reference 1II-2. Form drag
is found by application of geometry-dependent factors of reference IIl-1 to the
basic skin-friction values. Roughness drag was estimated from previously-developed
empirical data. Figure III-3 provides a sample of these elements at the beginning
of the tropopause (at h = 36,100 feet) as well as the wave-drag contribution
(discussed in Part I) to the buildup of zero-lift drag.

Drag due to 1ift was computed for the subsonic conditions by the methods of
reference I-7 and reference I11-3, and by the methods of references I-3 through I-6
for the supersonic conditions. Figure III-4 shows drag polars of the complete
configuration at Mach numbers of 0.9 and 0.6 at wing sweeps of 35 and 20 degrees,
respectively. Supersonic polars at Mach numbers of 2.0, 1.6, and 1.2 are shown in
figure III-5 for the complete configuration at a wing sweep of 68 degrees.

Maximum attainable and operating lift-drag ratios are shown in figure III-6.
These values are for the climb/cruise path of the design mission (see figure VI-1,
Part VI).
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Sonic Boom

Sonic-boom overpressures were estimated using the simplified process described
in reference I11I-4, Rather than use the simple shape-factor charts, however,
equivalent cross-section areas due to both volume and 1ift were combined for six
flight conditions to provide the characteristic shape factor for this specific
study cdnfiguration. The results are shown in figure III-7, in which sonic-boom
overpressures are plotted as a function of altitude and aircraft weight for Mach

numbers of 1,2 and 2.0, The e

-

various boom-alleviation flight profiles on

(<]

Ande
CLva

both sonic boom and range are shown in the section covering aircraft performance.

REFERENCES
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Turbulent-Boundary-Layer Skin Friction in the Presence of Severe
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1979.
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PART IV, - PROPULSION
W. A, Lovell

The engine used in this study is a modified current-technology engine and was
assumed to have an upper operational limit of Mach 2.4 at an altitude of 70000 feet
at standard day atmospheric conditions. The current-technology engine data were
modified based on anticipated technology advances and the potential for increasing
the supersonic propulsive efficiency by modification of the fan and low pressure
turbine. These modifications were estimated to have the potential to reduce the
supersonic specific fuel consumption by about 20 percent and the engine weight by
about 3 percent, Engine performance has been adjusted for the effects of Military
specification inlet pressure recovery but not for installation drag, power extrac-
tion or service airbleed. The data used in this study is, therefore, somewhat
optimistic.

Baseline Engine

The baseline (current-technology) engine is a two-spool, low-bypass-ratio,
augmented turbofan engine. It has a 3-stage low compressor, l-stage low rotor,
10-stage combressor, and a 2-stage-turbine high rotor. A full annular duct
surrounds the basic gas generator and supplies cooling air to the augmentor and
nozzle. The inlet guide vanes, located ahead of the low compressor, have a movable
trailing edge to achieve variable airfoil camber. This improves the inlet distor-
tion tolerance, low compressor efficiency and enhances the engine acceleration
characteristics. The high compressor has variable stators to improve starting and
high Mach number characteristics.

The engine's exhaust nozzle is a variable throat area, balanced flap,
convergent-divergent design. Nozzle area ratio varies as a function of nozzle
throat area, so that both the throat and exit areas are simultaneously near optimum
throughout the operating range.

Baseline engine performance is based on the 1962 U. S. Standard Atmosphere and
Military specification inlet recovery (MIL-E-5008C). Since no other installation
effects were considered, the performance used in this study is optimistic.
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Baseline (as designed) engine characteristics at maximum power (with augmen-
tation), sea-level static and standard-day atmospheric conditions are tabulated
below:

Total-engine corrected airflow rate 178 1bm/sec
Fuel lower-heating value 18,400 Btu/1bm
Net thrust 21,000 1bf

Net specific fuel consumption 1.82 1bm/hr/1bf
Bypass ratio 0.155

Weight (including nozzle but no thrust reverser) 2,840 1bf
Maximum envelope diameter 38.5 in

Length of engine plus nozzle 161.8 in

STUDY ENGINE

To estimate the potential of the study aircraft with an advanced engine, the
baseline engine was modified. Net thrust (gross thrust minus ram drag) levels were
increased by 20 percent at Mach number 1.4 and above with no change in fuel flow
rate. Engine weight (including nozzle but no thrust reverser) has been reduced by
3 percent with no change in the exterior engine geometry. These changes would
necessitate a modification to the low-pressure spool of the engine., That is, one
of the three stages of the low-pressure compressor would be eliminated and the
remaining two stages reduced in diameter to reduce the bypass ratio. Associated
with these modifications would be the requirement to modify the low-pressure
turbine so as to achieve the proper work balance between the turbine and
compressor.

Subsonic performance of the engine would also be affected by this modifi-
cation; however, it has been assumed (optimistically) that subsonic performance
decrements could be offset by incorporating a turbine bypass in the engine.

On the basis of these modifications, the baseline engine weight of 2,840 1bf

is reduced to 2,755 1bf. Each of these weights include the basic engine and
nozzle; however, they do not include a thrust reverser.
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To estimate the nacelle drag and weight of a nacelle for the study engine, the
engine was fitted with a NASA/Ames "P" inlet sized to match the engine. This inlet
is a typical axisymmetric mixed compression design with a translating center-body
sized for supersonic cruise conditions. A nacelle concept layout to house the
engine incorporating a NASA/Ames "P" inlet and a variable throat area balanced flap
convergent-divergent nozzle is shown in Figure II-4,

Estimated standard-day engine performance, adequate for preliminary aircraft
mission performance analysis, is provided. These data are presented on figures
IV-1 through IV-5 for maximum augmented power, maximum non-augmented power, and
maximum and part power ratings.
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PART V. - MASS PROPERTIES
E. E. Swanson

The mass properties analysis for this configuration was performed using the
weight module of the Flight Optimization System (FLOPS) computer program developed
by Kentron Technical Center. A description of the progam and its operating
capabilities is described in the appendix of reference 6 of the Introduction.
Structural weight estimates are based on utilizing 1980 technology superplastic
formed/diffusion bonded (SPF/DB) titanium throughout all primary and secondary
airframe structure. Applying this level of technology to the 1971 level of
titanium structure results in the following anticipated weight saving:

Wing, empennage, etc. -7%
Fuselage -22%
Nacelle, inlet, cowling -19%

In addition to the SPF/DB level of technology application, an all composite
structural concept was evaluated. Previous studies have indicated that the appli-
cation of composites to the fuselage pressure shell results in little or no weight
reduction when compared to SPF/DB. It was assumed that the benefits of composites
would, therefore, be assessed to the remaining structure and landing gear only.
The following weight reductions were used for composites and were applied to the
baseline concept instead of those listed above.

Wing, empennage, etc. -15%
Surface controls -12%
Nacelle, inlet, cowling -25%
Landing gear -40%
Fuselage (SPF/DB) -22%

A detailed structural design and analysis of the wing pivot area was not
performed during this study. Weight data from the F-111, F-14, and previous
variable-sweep-wing supersonic-transport studies were analyzed and adjusted to
reflect technology improvement in the pivot bearings and related structure. The
resulting penalty of 17.5 percent for the pivot was applied to the wing weight. A
three- to five-percent penalty was assessed to the weight of the hydraulics and
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controls systems to account for the wing-sweep mechanism. The resulting weight
breakdown for the SPF/DB and composite aircraft are shown in tables V-1 and V-2,
respectively.

The center-of-gravity envelope for the wing in three sweep conditions is shown
in figure I-3., Airplane inertias were not calculated during this study.
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TABLE V-I. - GROUP WEIGHT SUMMARY

(SPF/DB Titanium)

WING

HORIZONTAL TAIL
VERTICAL TAIL
VERTICAL FIN

TiCrt AN
rUSELAGE

LANDING GEAR

NACELLE
STRUCTURE TOTAL

ENGINES

MISCELLANEOUS SYSTEMS

FUEL SYSTEM-TANKS AND PLUMBING
PROPULSION TOTAL

SURFACE CONTROLS
INSTRUMENTS
HYDRAULICS
ELECTRICAL
AVIONICS ,
FURNISHINGS AND EQUIPMENT
AIR CONDITIONING
ANTI-ICING

SYSTEMS AND EQUIPMENT TOTAL

WEIGHT EMPTY
CREW AND BAGGAGE - FLIGHT, 2
UNUSABLE FUEL
ENGINE OIL
PASSENGER SERVICE
OPERATING WEIGHT

PASSENGERS, 8
PASSENGER BAGGAGE

ZERO FUEL WEIGHT
MISSION FUEL
TAKE-OFF GROSS WEIGHT

(

(

Inf

6,647.
427.
308.

1,009.

4,651,

1,669.

1,890.

16,600.)

5,510.
388.
842,

6,740, )

1,626.
150.
516.

1,440.
500.
980.
649.
111.

5,972.)

29,312.
450.
321,
131.
103.

30,317.

1,320,
352,

31,989.
32,511,
64,500,
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TABLE V-II. - GROUP WEIGHT SUMMARY

(A11 Composite)

WING
HORIZONTAL TAIL
VERTICAL TAIL
VERTICAL FIN
FUSELAGE
LANDING GEAR
NACELLE
STRUCTURE TOTAL

ENGINES

MISCELLANEOUS SYSTEMS

FUEL SYSTEM-TANKS AND PLUMBING
PROPULSION TOTAL

SURFACE CONTROLS
INSTRUMENTS
HYDRAULICS
ELECTRICAL
AVIONICS
FURNISHINGS AND EQUIPMENT
AIR CONDITIONING
ANTI-ICING

SYSTEMS AND EQUIPMENT TOTAL

WEIGHT EMPTY
CREW AND BAGGAGE - FLIGHT, 2
UNUSABLE FUEL
ENGINE OIL
PASSENGER SERVICE
OPERATING WEIGHT

PASSENGERS, 8
PASSENGER BAGGAGE

ZERO FUEL WEIGHT
MISSION FUEL
TAKE-OFF GROSS WEIGHT

1ot

4,637.
359.
259.
807.
4,651,
1,012.
1,512,
( 13,237.)

5,510.
388.

842.

( 6,740.)

1,406.
150.

516.
1,440.
500,

980.

649,

111.
( 5,752.)

25,729.
450,
321.
131.
103.

26,734.

1,320.
352.

28,406.
32,5109.
60,925.




PART VI. - PERFORMANCE
F. L. Beissner, Jr,

‘Bringing together recent advances in several disciplines in a variable-sweep,
supersonic-cruise executive jet has resulted in an aircraft with impressive perfor-
mance and operational flexibility. The study objective was to utilize these
advances to design a minimum size eight-passenger aircraft capable of meeting the

design goal of supersonic transatlantic range,

The design aircraft with full internal fuel is capable of a supersonic mission
of 3,477 n.mi. with 32,511 1bf fuel at a full up ramp weight of 64,500 1bf, Table
VI-1 and figure VI-1 show the mission performance summary and profile. Cruise is
at M= 2,0 with full payload of 8 passengers and a crew of 2, The baseline
superplastic-formed/diffusion bonded (SPF/DB) titanium aircraft can be further
improved by using advanced composites on the same geometric configuration to
achieve a range of 3,737 n.mi., at a full up ramp weight of 60,925 1bf. This range
improvement is all due to weight improvement, This mission is shown in table
VI-II.

Mission performance is calculated for a main segment and a reserve segment.
The main segment includes taxi-out and takeoff allowances (10 minutes fuel flow at
idle power setting and 1 minute fuel flow at takeoff power setting), FAA climb (V_g
250 KCAS up to 10,000 ft altitude), climb and accelerate to start of cruise, cruise
climb at cruise Mach number, and descent to destination. Reserves are included
which provide for flight continuation to an alternate airport including missed-
approach allowance (1 minute fuel flow at takeoff power setting), climb, subsonic
cruise at 30,000 ft, hold for 30 minutes, and descent to the alternate airport.
The alternate is located 250 n.mi. from the destination. A1l performance is for
standard day, no wind conditions with no additional conservatism included. The
performance is calculated by the Flight Optimization System (FLOPS) computer
program described in reference 6 of the Introduction.

Performance was calculated for a subsonic cruise Mach number of 0.9. Using

the same basic mission rules, the maximum range for the composite aircraft is 5,584
n.mi. at 60,925 1bf ramp weight. The SPF/DB airplane achieves 5,161 n.mi. These
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missions are summarized in tables VI-III and VI-IV. This off-design range
capability demonstrates the mission flexibility of the aircraft.

Emergency loss of an engine presents no range problem for this aircraft,
Operation would be restricted to subsonic speeds, but the M = 0.9, engine-out range
capability is nearly as good as the M = 0.9, two-engine range (and considerably
better than the supersonic range). The worst possible case would be the loss of an
engine at mid-mission on the maximum-range, subsonic mission. This worst case
would require emergency use of a small portion of the planned reserves to reach the
destination.

Alternate missions for the composite aircraft include the New York to Los
Angeles route of 2,130 n.mi. This mission requires a minimum of 19,333 1bf of fuel
for a ramp weight of 47,739 1bf as shown in table VI-V. The sonic-boom overpres-
sure during acceleration for this case is 1.26 psf, a value which could be
considered objectionable for normal overland operation of civil aircraft.

Some sonic-boom attenuation can be obtained by operating at higher altitudes
than normal. For the study aircraft, by climbing (at subsonic speeds) to a
higher-than-normal altitude before accelerating through the transonic speed zone,
the overpressure can be reduced from 1.26 to 1.04 psf. This change in climb/
acceleration schedule increases the fuel required for the mission by about 550
pounds and mission flight time is increased from 120 to 128 minutes due to
substantially longer operating time at lower speeds during a much longer climb.
Table VI-VI summarizes the sonic-boom attenuation study as applied to the New York
to Los Angeles route.

Sonic boom is less of a problem for this aircraft at cruise conditions than
during acceleration., For example, in the normal and boom attentuated climb
schedules, the overpressures at the beginning of cruise are 1.02 and .99,
respectively, and diminish as the flight continues. This information is included
in table VI-VI. Calculation of the sonic boom characteristics for the study
aircraft is covered in Part IIl of this report.

Airfield performance is outstanding with the wing unswept and the high-1ift
devices deflected. An intermediate power setting is more than ample with this
aircraft/engine combination. Critical field length for the fully fueled, composite
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aircraft is 4,600 ft with slats deflected, trailing-edge flaps deflected 15° and
wing sweep set at 27.3°. Normal, two-engine takeoff distance is 3,300 ft over a 35
ft obstacle. Landing field length over a 50 ft obstacle at a landing weight of
44,247 1bf is 4,315 ft with slats, trailing edge flaps deflected 40°, and wing
sweep of 20°. These distances are the computed values at sea-level, standard-day
conditions with no conservatism included. Takeoff and landing 1ift curves and drag
polars are shown in Part III.

1.,
'y

Noise analys
power settings, low speeds, high 1ift coefficients, and high 1ift/drag ratios
should provide a relatively benign airport noise environment. Calculations indi-
cate that takeoff/climb-out performance would achieve over 5,400 ft altitude after

traveling 3 n.mi. from brake release. Airfield performance is summarized in table
VI-VII,

es were not performed in this preliminary design effort. Low

Alternate propulsion systems were evaluated in an earljer phase of this
study. These were an advanced cycle (turbine by-pass turbojet) scaleable Boeing
701S engine (ref. VI-1) and two fixed size engines by General Electric, the GE F101
DFE and the GE F404 (data suplied by NASA). A comparison was made of mission range
capability at the full fuel load for the then current configuration under
consistent ground rules. Takeoff power was set to achieve the same approximate
thrust level for comparable airfield performance. The advanced-cycle engine was
sized to give maximum range with sufficient takeoff thrust. Compared to the other
engines, the GE DFE was considerably heavier, and was also significantly poorer in
mission performance. No further adjustments were attempted since the GE DFE was
judged to be inferior for this particular application.

Table VI-VIII shows the tabular results of the comparison including some
specific performance values. One of the candidate engines, the GE F404, had to be
operated at maximum thrust at takeoff to achieve the desired thrust values.
Examination of table VI-VIII shows that on the basis of supersonic mission range,
the proper engine choice was the engine described in Part V of this report.
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TABLE VI-VI. - SONIC BOOM STUDY SUMMARY

COMPOSITE AIRCRAFT, NEW YORK TO LOS ANGELES ROUTE, M = 2,0 CRUISE

* Profile

Miminum Fuel

Reduced Boom

Ramp weight, 1bf
Mission fuel, 1bf
Acceleration ( M = 1,2)
Altitude, ft
Weight, 1bf
Overpressure psf
Start cruise (M = 2,0)
Altitude, ft
Weight, 1bf

Overpressure, psf

47,739
19,333

41,000
45,700
1.26

55,590
44,625
1.02

48,288
19,882

52,500
44,700
1.04

56,140
42,733
.99

56




TABLE VI-VII., - AIRFIELD PERFORMANCE AND NOISE CHARACTERISTICS SUMMARY
COMPOSITE AIRCRAFT, FULL INTERNAL FUEL

8 TO/Land, Degrees . 15/40
Landing, 1bf 44,247
Field Length (50 Ft Obs), ft 4,313
Ground Roll, ft 3,201
Vg (Obs) 118.88
Take Off, Lbf 60,925
Field Length (35 Ft Obs), ft 3,295
Ground Ro1l, ft 2,411
Vg (Obs), Knots 165.60
Critical (Balanced) Field, ft 4,582

Noise Criteria

Take Off (3 Miles From Brake Release)

L/D 13.80
CL .7951
Altitude, ft 5,435
Vg, Knots 173.97
Thrust, 1bf* 25,615/8,830
Approach (3° Glide Slope)
L/D 6.66
CL 1.3336
Vg, knots 118.88
Thrust, 1bf 4,293

*Thrust available before cutback/after cutback.

NOTE: A1l performance is at sea level, standard day conditions,
with no conservatism.
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TABLE VI-VIII, - PROPULSION SYSTEM COMPARISON

PRELIMINARY CONFIGURATION, DESIGN MISSION, SAME AIRPLANE
(AERODYNAMICS, WEIGHT AND FUEL)

ENGINE DESIGNATION BASELINE | BOE 701S | GE DFE | GE F404
ENGINE SIZE FACTOR FIXED .221 FIXED FIXED
ENGINE WEIGHT, 1bf, ea 2,755 2,873 4,258 2,621
TAKEOFF THRUST, 1bf 13,785 14,940 14,550 | 14,200
POWER SETTING FOR TAKEOFF INT * INT MAX
TOTAL RANGE, n.mi, 3,364 3,074 2,419 2,630
AVERAGE CRUISE
SPECIFIC RANGE, V/wf, nmi/1bm .1254 .1227 .0909 .1038
SPECIFIC FUEL CONSUMPTION 1bm/1bf 1.147 1.314 1.490 1.556
hr
LIFT/DRAG 6.19 6.94 5.82 6.88
ALTITUDE, ft 53,367 59,618 51,208 | 59,646
WEIGHT, 1bf 49,389 49,415 49,301 | 48,875
FUEL, 1bf 9,152 9,353 12,625 | 11,056
TAXI ALLOWANCE, 1bf 371 418 411 341
TAKEOFF ALLOWANCE, 1bf 357 523 337 667
RESERVES, 1bf 3,976 5,088 4,178 4,696

*The Boeing 701S is not equipped with afterburner.
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M=2.0
OPTIMUM CRUISE CLIMB
(24,460 LB) _“\\\\ —EWD CRUISE

BEGIN CRUISE ALT=58,008
ALT=47,070 S\
DESCENT /DECELERATE
CLIMB/ACCELERATE (269 LB)
(3,094 LB)
1 MINUTE TAKE-GFF e
(357 LB) (371 1)
10 MINUTE TAXI
(371 LB)
ll: TRIP RANGE=3,477 N MI j
TRIP FUEL=28,180 LB
< BLOCK FUEL=28,922 LB -
e BLOCK TIME = 3.52 HR -

A. Main Segment.

M=.9 AT 30,000 FT ALTITUDE

CRUISE HOLD 30 MINUTES
(1,139 us)\\L (1,555 L8)
CLIMB
(707 LB)
DESCENT
MISSED APPROACH (202 18)
(357 LB)
I 250 N MI |
TO ALTERNATE
(3,960 LB)

B. Reserve Segment,

Figure VI-1., Design mission profile, titanium SPF/DB aircraft,
M=2.0 cruise, full internal fuel.
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