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1.0  INTRODUCTION

Past studies have shown the desirability of penetration of hostile terri-
tory at supersonic speeds to enhence aircraft survivability against enemy
defenses (Reference 1). Studies have also been done to evaluate the
technologies which contribute to this capability. A study conducted by
the Air Force Flight Dynamics Laboratory (Reference 2) identified com-
posite structure, supersonic wave drag and propulsion-airframe integra-
tion to be the important technologies for supersonic penetrator aircraft.
In subsequent studies (References 3 and 4) engines, avionics, and wea-
pons were also identified as technology areas requiring advancement.

The purpose of the present study was to define a fighter aircraft demon-
stration which incorporates the airframe technologies that allow the
combination of air superiority fighter performance with an efficient
supersonic cruise capability. A useful load and a derivative of an
existing engine were assumed in achieving an aircraft design of minimum
size. A demanding air superiority mission was defined as a design goal.
The concept selected as a result of this study is intended to be the
smallest anc lowest cost aircraft which could demonstrate the combination

of technologies that have been assessed to be relevant to a supersonic
cruise fighter aircraft.

The possibility of attaining the three major objectives has notivated
this design effort:

1. Design of an air vehicle that could double the cruise speed
over existing fighters and carry a useful payload.

2. Maneuverability equal to emerging air combat fighters so that
the combat arena could be enlarged to include supersonic as
well as transonic speeds.



1.0 INTRODUCTION (Continued)

3. Employment of advanced technologies to reduce fighter size (re-
flecting reductions in signature, cost. fuel efficiency, storage,
etc.) and use of an existing engine requiring a minimum develon-
ment effort.

New technologies employed in LES include 1) advanced supersonic aero-

dynamics, 2) variable camber wing geometry, 3) low profile cockpit,
4) damage tolerant composite structures, 5) digital fiber-optic flight
controls and 6 two-dimensional airframe integrated exhaust system.

This study has identified many uncertainties associated with the appli-
cation of these advanced technologies. Although development programs
are needed to alleviate these uncertainties, an experimental airplane
program could focus these efforts towards a common objective.

This study represents the results of four months of conceptual level
design work. It is intended to be used solely for purposes of defin-
ition of an aircraft program required to achieve the goals as defined.
It is not intended to be a final design but rather a tool to help eval-
uate the option of fabrication and flight test of a demonstrator air-
craft for supersonic cruise fighter technologies.

The engineering effort was conducted at Seattle, Washington, under the
direction of R. Hardy, Chief of Aerodynamics and Propulsion Technology,
Research and Engineering Division, Boeing Aerospace Company. Design
Study Manager was B. D. Nelson and principal engineers were W.D.
Middleton and N. Baullinger (Aerodynamic Design); P. Osterbeck (Para-
metric Studies and Performance).

Major contributions were made by the following engineering specialists:




1.0 INTRODUCTION (Continued)
L. Alberts - Propulsion Performance
W. 3rennan - Flight Systems
S. Butchart - Air Vehicle Configuration
A. Grisham - Stress Analysis - ISAS
M. McKinney - Structures Design
D. Neilson - Loads & Stress
R. Rankin - Mass Properties
D. Redmond - Air Vehicle Configuration
W. Sander - Cockpit Design
B. Sutherland - Energy Maneuver
B. Tricoli - Propulsion Installation
F. Watts - Life Cycle Costs
0. Foard - Prototype Costs

A special note of appreciation to Jim Parker of AFFDL for his constructive
guidance during this contracted study and for his conscientious
review of this document.



Figure 1. Light Experimental Supercruiser — Model 985-213




2.0 SUMMARY

A Light Experimental Supercruiser (LES) air vehicle concept has been de-
fined to show the performance potential of a low cost demonstration of

advanced technologies with direct application to Advanced Tactical
Fighters. The design concept selected from the parametric analysis for
refinement 1s the Boeing Model 985-213 shown in Figure 1.

This vehicle is designed to cruise at supersonic speeds using non-after-
burning (dry) thrust and demonstrate Light Weight Fighter combat capa-
bility. The aircraft was configured so that the internal and external
aerodynamics provide low drag at the design Mach number of 1.8. Com-
bat capability comparable to emerging air superiority fighters was
achieved through a wing loading of 50 psf and a thrust loading of 1.32.
The design gross weight of the afrcraft was 12,500 1bs with a useful
load of 4330 1bs.

The cost of a two-aircraft, experimental prototype program was estimated
to be 83 million dollars. The airframe and flight test costs were $46
million. The total program cost includes the development of all of the
subsystem advanced technologies discussed below. Details are given in
section 3.11.

Six areas of technology have been incorporated to achieve the LES con-
cept. These technologies along with their benefits are:
o Supersonic Aerodynamics - Efficient supersonic cruise (supercruise)
with combat persistence and high sustained load factors
Variable Camber Wing Geometry - Transonic maneuver
Low-Profile Cockpit - Supercruise, high maneuver, stealth
o Damage-Tolerant Composite Structure - Fuel weight fraction,
survivability airplane size, stealth, cost
o Digital Fiber-optic Flight Control System - Supercruise high
maneuverability
0 - Two-Dimensional Airframe Integrated Exhaust System - Combat
agility, control augmentation, landing field length reduction.
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2.0  SUMMARY (Continued)

This engineering study has emphasized the performance of the airplane
and engine. Airframe and system design layout was carried to the point
where internal arrangement verified adequate volume for equipment and
fuel. Airframe and system analysis was concluded when equipment comple-
ment and structural weights could project a viable air vehicle.

2.1  DESIGN GOALS

Supercruise, supersonic persistence, supersonic maneuver and transonic
maneuver are combined in the design goals for LES. Combat capability
1ike that of the Light Weight Fighter (LWF) are required and the fighter
concept must be based on an existing engine design, the General Electric
J101/37 Study A9, a derivative of the J101-GE-100 engine. The specific
goals were:

Supercruise - For this design study supercruise has been defined as effi-
cient cruise (aerodynamic design defined at the supersonic cruise condi-
tion) at speeds above M = 1.6 with intermediate (military) thrust.

Supersonic Persistence - The number of turns at Mach 2.0 and 40,000

feet with max augmented thrust and thrust equal drag (Pg = 0). At least
three Mach 2.0 turns are desired at a combat radius of 200 N.Mi. Per-
sistence is measured through the flight envelope.

Missions - The LES design mission is shown in Figure 3. A 200 N.Mi.
radfus with LWF combat was specified. This mission is intended to demon-
strate capability of the LES concept. In addition two other mission
capabilities were measured; a maximum supersonic radifus missfon and an
overload mission also shown in Figure 3.
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2.1 DESIGN GOALS (Continued)

Flight Envelope - The desired and resulting flight envelopes for LES are
shown in Figure 4. A cruise design point of Mach 1.8 was set as a goal
from studies that investigated M = 1.6 to 2.2. Several limits can be
imposed on LES performance that may degrade overall capability. These
are 1llustrated on Figure 5. Available engine data 1imits performance
estimates to 60,000 feet altitude and Mach 2.0. An additional altitude
1imit may be imposed by continuous operation at high altitudes without

a pressure suit. This 1imit, set at 50,000 feet, would require the LES
to cruise at non-optimum conditions.

The supersonic cruise speed also places a requirement for a high per-
formance ejection capability (600 KEAS). Escape performance can be met
with a STENCIL SIIIS seat previously qualified but modified for 50° re-
clination in the LES low-profile cockpit. In order to achieve the de-
sired flight 1imits, windmill start with full vehicle secondary power
extraction required emergency power system for lower speeds to pre-
serve flight control power and aid in engine air start. Emergency power
is provided by a Ram Air Turbine and Jet Fuel Starter.

2.2 PERFORMANCE

Performance was calculated both with and without altitude restriction.

A summary of the results are shown on Table 1. The penalties resulting
from 1imiting this particular afrcraft to 50,000 feet altitude are ex-
treme. A 50% loss in the combat persistance occurs 1f the aircraft is
not allowed to cruise at its optimum condition. Careful consideration
should be given to allowing unrestricted cruise altitudes in certain
combat conditions. The purpose of the high speed flight is to enhance
the survivability. Afrcraft designs of the LES type will possess good
maneuverability at high altitude and therefore should be more survivable.
Some increase in vulnerability would be experienced, however, which would
have to be traded off against the improved survivability.
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2.2 PERFORMANCE (Continued)

Table 1. Performance Summery (985-213)

M 1.8/50K Optimum
MISSION PERFQRMANCE Cryise Cruise
Percent of Design Mission
Lombat at 200 n. mi.p> 26 % 61 %
Maximum Supersonic Radfus 255 n. mi. 420 n. mi.
Overload Supersonic Radius 210 n. mi, 275 n. mi.
COMBAT PERFORMANCE 0, 9M/ 30F. 1.2M/30K 2.0M/40K
Number of Turns at 200 n.mi.
M 1.8/50K Cruise 2.7 1.7 1.0
Optimum Cruise 6.3 4.1 2.3
Maximum Sustained Load
Factor 4.9 545 5.8
Maximum Turn Rate
Degrees/Sec. 9.8 8.3 5.4

l>4 turns at 0.9M/30K + 3 turns at 1.2M/30K + accel fuel (0.9M-=1.6M).

As assessed, the model 985-213 was unable to achieve the DESIGN MISSION
objective as shown in Figure 6 regardless of restrictions in cruise
conditions. Restricting the cruise altitude to 50,000 feet as a pressure
suit 1imit, 26 percent of the LWF combat maneuver is shown in Fiqure 6
at the 200 n. mi. radius with cruise at Mach 1.8. Because the cruise
L/D is significantly improved with altitude, 50 percent of the design
combat capability is estimated at 60,000 feet. The best cruise speed
on dry thrust is estimated to be Mach 1.60. With this and an optimum
cruise climb flight profile, the LES -213 could attain 61 percent of
LWF combat turn performance. Further wing tailoring will be

required to improve the performance at lower altitudes. The cruise
drag polar providing the above performance is depicted in Figure 7.

11




2.2 PERFORMANCE (Continued)

A deficiency in performance level is attributed to an insufficient
margin in non-afterburning thrust minus drag of the assessed airplane.
Figure 8 indicates that at 55,000 feet and average cruise conditions,
a Mach number capability of 1.65 exists using dry thrust. To compen-
sate for the increment in thrust required at 1.8 Mach, an interpola-
tion between intermediate thrust and minimum augmentation was employed.
This approach was used only as an interim solution as drag reduction
potential and possible dry thrust improvements must be more carefully
investigated. Reasonable progress in these areas is anticipated.

The relative importance of technology application and evaluation accu-
racy on mission radius is depicted by the sensitivity information in
Figure 9. Significant losses or improvements in performance can result
from relatively small perturbations in weight, drag and engine per-
formance.

12
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2.3  TECHNOLOGY ASSESSMENT

Several previous studies (Reference 1 - 4) have assessed the technolo-
gies which are relevant to aircraft that require a combination of super-
sonic cruise efficiency and fighter combat performance. The benefits

of such technologies have been assessed for their contribution to im-
provements in the mission capabilities of deep strike fighter aircraft.
The present study explores the feasibility of combining the airframe
related technologies in a minimum cost demonstration aircraft. An
existing engine derivative is employed in this aircraft design study to,
avoid the time and expenses associated with the development of a new
engine.

The design features of LES-213 have evolved with this goal and the con-
straint of a fixed engine cycle. If the engine characteristics are im-
proved to provide increased dry thrust then future improvements can be
traded between higher cruise speed and better fighter characteristics.
Figure 8 focuses on the primary technical risk. Here the current esti-
mates of engine and airplane performance results in only a 5 percent
drv thrust margin for cruise across the Mach range. However, dry thrust
improvements up to 8 percent, may be possible for a short-life experi-
mental engine. Also an eramination of the drag elements suggests drag
reduction may be achieved through further refinement of the airplane
general arrangement. These improvements may make Mach 1.8 supercruise
capability an achievable goal.

The design approach and compromises necessary to achieve this cruise
performance are discussed in this section along with specific areas of
program risk and technology applications.

2.3.1 AERODYNAMICS

This section briefly describes the results of the cruise drag analysis,
the possible improvements, and the recommended studies considered nec-
essary to assure a viable supercruise configuration from an Aerodyna-
mic standpoint.

. 15




2.3.1 AERODYNAMICS (Continued)
In order to achieve the low supersonic drag level necessary for efficient

cruise, the technology from the NASA advanced supersonic transport (AST)
program has been applied to the design of fighter aircraft. Although the

maximum cruise speed of this airplane is slower than that contemplated for

the AST, the SCAT 15 wing with increased camber was applied for
this initial iteration to take advantage of the large data base which

exists for that planform. High angle of attack operation consistent with
fighter requirements, surfaces unique theoretical versus experimental
deficiences in the analysis of highly swept wings. Free vorted calculation
method development along with wind tunnel data correlation is necessary

to enhance the aerodynamic design guidance in this area. A wind tunnel
test program to provide missing design data is described in Section 5.6.

Supersonic cruise efficiency of this airplane is comprised by the
relatively low wing loading dictated by transonic maneuver require-
ments and approach speeds. Alternate means of improving 1ift and drag
characteristics at high angles of attack could therefore provide signi-
ficant advantages in overall design efficiency. Improved variable
camber devices, planform modifications, vectored thrust and wing con-
tour refinement resulting from the above mentioned improved aerodynamics
analysis methods offer this potential.

16




Supersonic design and assessment of the -213 for this study was accom-
plished in the manner described in Section 3.4. The wing/body contours
were optimized for a 1.8M cruise condition at C| = 0.1, Figure 10
summarizes the cruise 1ift to drag ratio with Mach number. A value of
6.2 at 1.8 Mach represents a 50 percent improvement over comparable con-
figurations designed for subsonic cruise but with supersonic capability.
As a consequence, a transonic penalty is accepted. To minimize this
penalty during subsonic maneuver operations at high 1ift coefficients, a
variable camber leading edge concept was assumed.

12
30,000 FT
8 N\ A
(L/D)yay VARIABLECAMBER | Y A4 __ o
DEVICES DEPLOYED =—yj 50,000 FT
N | '
X . 1.0 .5 — 2.0
MACH NUMBER

Figure 10. LES-213 Aerodynemic Cruise Efficiency
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2.3.1 AERODYNAMICS (Continued)

While it is anticipated that further potential can be achieved through
wing and wing-body contoui changes, these characteristics served as the
basis for the performance discussed in Sections 2.2 and 3.10.

Component identification of the total zero-lift drag is presented in
Figure 11. Skin friction is the predominate term at Mach = 0.9. Super-
sonic drag on the other hand is comprised of four major components;

skin friction, wave drag, camber and trim drag and the drag of mis-
cellaneous components. Detail design and analysis may lead to potential
zero 1ift drag reductions. For example, Figure 12 indicates miscell-

aneous components, camber, trim and wing refinements may offer this poten-
tial.

The wind tunnel model shown in Figure 13 was built and tested to aid in
aerodynamic estimating methodology applied to this study contract.
Application of the results of these subsonic, transonic and supersonic
tests to this study was not possible as analysis work continues subse-
quent to the writing of this report.

Overall, this initial work conducted on the LES concept appears quite
promising. Supersonic configuration one-g design techniques developed
for larger, slimmer supersonic transports were applied with reasonable
success. Further iterations of the design and analysis process can
lead to additional performance capabilities and a significant edge over
opponent fighter aircraft of the future. Specific recommended follow-on
aerodynamic studies are 1isted below and on Page 22:

0 Refine wing design and wing-body contours

0 Enrich Aerodynamics methodology with LES wind tunnel results

0 Investigate potential reduction of miscellaneous drag items

(] Improve assessment of aft-body wave drag for 2-D Afrframe

Integrated Nozzle
] Continue refinement of cockpit design

18
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2.3.1 AERODYNAMICS {Continued)

¢ Investigate variable camber benefits in transonic regime
0 Improve pitch and lateral control power.

2.3.2 COCKPIT DESIGN

The importance of forebody drag is shown in Figures 14 and 15. The
effects are shown on body area distribution in the cockpit if enlar-
gel to accommodate a standard pressure suit and provide more total
"visibility out" to the pilot. The additional cross section would
assure pilot protection at higher cruise altitudes (60,000 feet) with
current USAF regulations. The effect on supersonic drag is shown two
ways. At Mach 1.8 the 17 counts additional drag represent a 7% increase
in total drag (Figure 15). Also shown is the influence of forebody
change to body wave drag. Forebody drag increases from 60% to 71% of
the total body. Employment of a cockpit for MIL-STD 850 vision and
pressure suit would appear to eliminate any chance for supercruise if
other drag levels are not reduced.

An intermediate design is possible which would provide MIL-STD-850
vision and without space for pressure suit. Cockpit development would
then include pilot 1ife support systems for operation at high altitude
with damage tolerance. Development of the low profile cockpit should
emphasize pilot human factors to provide good working environment and
life support. Development should be centered on pilot workload with
simulators and centrifuge testing., The seat selected for LES is a
Stencel SIIIS modified for reclination of seat rails to 54%. This pro-
vides a seat back angle of 509. Configuration rigging of the seat pan
angle and head rest are changes required for this seat. High perfor-

mance ejection (600 KTS) is predicted for this seat configuration by
Stencel.
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2.3.2 COCKPIT DESIGN (Continued)

One critical feature of this cockpit design is the itegration of in-
strument panel with the canopy hatch and the side opening operation

for ingress and egress. Primary concern for this design is the ability
to predict canopy path during ejection. For this reason alternate cano-
py hatch designs should be evaluated during development of the LES Tow-
profile cockpit. One alternate design worthy of serious study is the
concept proposed by AFFDL whereby the canopy and panel hinge separately.
The canopy incorporates aft hinging while the panel and windshield
hinges at the forward end to provide a "g" shield during ejection. Both
canopy designs are shown in Figure 16.

COCKPIT DEVELOPMENT

Advanced Displays--Cne of the major problems associated with the cockpit
layout using state-of-the-art instrumerts and electrical-electronic con-
trol parels is the interference between such equipment and the body of
the pilot. The present cockpit layout places backup radio controls at
the extreme aft vision limit - or beyond. To actuate the knobs and
switches the pilot's arm mist be slipped back beside the seat-confined
by the cockpit sill beam. The pilot's shoulder may move foreward re-
stricting his downward view. Development is needed to consolidate the
visual instruments and necessary tactile controls forward of the pilot
as shown in the "DIAS" panel configuration Figure 17. By use of the
MPD/MKB display units and the HUD the pilot's visual "load" is reduced
and his required head movement within the cockpit virtually eliminated.
The pilot's required lateral arm movements are reduced. Because of the
simplified arrangement and ease of access, instrument and control main-
tenance time should be reduced.




T

Figure 16. Low Profile Cockpit Design — Canopy Jettison Options




Figure 17. Cockpit Penel Layouts
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2.3 TECHNOLOGY ASSESSMENT (Continued)

2.3.3 COMPOSITE AIRFRAME & DAMAGE TOLERANCC

A unitized fiber composite structure was employed using a hybrid skin
with a multi-spar support arrangement. Advanced composites were selec-
ted for structural efficiency. A structural weight saving of approxi-
mately 20 percent and a potential cost saving of 9 percent are estimated
compared to an aluminum airframe (Reference Weight and Cost Evaluation,
Sections 3.9 and 3.11). The aerodynamically tailored configuration with
a highly blended wing-body and extensive use of double curvatures makes
fiber composites a logical choice for ease of manufacturing. Figure 18
shows the LES structural arrangement.

Damage tolerance design practice was employed in the material and con-
cept selection by concentrating bending loads in the multiple spar caps
for load path redundancy and using damage tolerant hybrid skin with
graphite/epoxy and fiberglass. Spar spacing and attachment concept were
selected to provide resistance to 23 mm HE projectiles with the associa-
ted overpressure and hydraulic ram effects. Small fighter type aircraft
require a structure that is damage tolerant, lightweight, and with low
manufacturing cost. These requirements are complicated by the diffi-
culty of providing simple continuous load paths while providing access
for engine accessories, equipment and housing for landing gear.

Only a small portion of the total effort was spent in the structural
design and analysis of the airframe; further work is therefore recommen-
ded in the following areas:
0 Structural design criteria. Conduct trade studies on
load factors, design speeds, sink rates, maneuver capa-
bilities, threat requirements, and damage tolerance re-
quirements.
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Figure 18. Isometric — LES Structurs! Arrangement




2.3.3 COMPOSITE AIRFRAME AND DAMAGE TOLERANCE (Continued)

o Expand external load analysis to include additional flight
and ground conditions such that all major structural components
are sized by critical or near critical conditons.

o Evaluate alternate structural concepts to provide improved
load paths in the wing/body structure, increased t/c at
fin attachment, rearrangement of elevon for improved aft
body load paths and damage tolerance.

0 Establish preliminary flutter speed. Aeroelastically tailor
structure to satisfy strength, flutter, and control surface
effectiveness criteria at minimum structural weight.

o Establish structural and fatigue allowables that address
material degradation effects due to humidity, temperature,
aging and cyclic loading.

The data obtained to date on the Navy Battle Damage Tolerant Wing
Structural Development Program (Reference 5) indicate that the separation
of bending and torsional material, redundant unidirectional spar elements
and a hybrid skin is desired for resisting the 23 mm HE threat. This
program should be supplemented with a program of design, fabrication and
test of components aimed at the structural problems of small fighter type
aircraft. Several items requiring development effort are:

1. Practical joints for the unidirectional graphite chords of spars,
ribs and bulkheads.

2. Structural design of major joints; manufacturing breaks, fin-to-
wing joint, landing gear attachment concept, etc.

3. Manufacturing feasibility and cost evaluation.

29




2.3 TECHNOLOGY ASSESSMENT (Continued)

2.3.4 FLIGHT CONTROLS

A preliminary evaluation of Model 985-213 stability and control charac-
teristics was performed and the following conclusions drawn:

1. A flight-critical, three-axis automatic flight control system will
be required.

2. The elevon surfaces are marginally adequate, but may have to be
increased in size or augmented by a thrust vectoring control.

In supersonic flight, the airplane will be balanced with a relatively
small static margin so that trim drag may be minimized, and maneuver-
ability enhanced. Since there is little possibility of fuel transfer

for rapid c.g. control, the airplane will probably be statically unstable
in subsonic flight. Such a balance philosophy will require a sophistica-
ted automatic system so that angle of attack or loau factor limits are not
exceeded.

Arrow wings display a tendency toward pitchup. If wind tunnel tests re-
veal such characteristics on LES, there are several ways to improve the
situation. Either reducing the sweep of the trailing edge or reducing
the sweep of the leading edge outboard of the fins, or both, will reduce
pitchup. Another possibility would be to depend upon an automatic system
to limit angle of attack.

Although Model 985-213 has a comparatively light wing loading, the highly
swept planform has a low 1ift curve slope, consequently high angles of
attack will be reached in air-to-air combat. High angles of attack
usually cause degradation in lateral-directional stability characteristics.
The configuration will have to be carefully tailored in the development
phase so that a spin-resistant airplane is achieved. An automatic sys-
tem may be useful to augment desirable characteristics.




2.3.4 FLIGHT CONTROLS (Continued)

The inherent roll damping of the supercruiser planform is low. To bring
the roll time constant within limits suitable for air-to-air combat, arti-
ficial roll damping will be necessary.

Model 985-213 will exhibit high values of Cig and low C“B' Together with
low roll inertia and high yaw inertia, the aerodynamic characteristics
will give rise to poor Dutch roll damping and high #/8 ratio. Stability
augmentation will be required to overcome these undesirable effects.

Analysis (Section 3.5) shows a full symmetric elevon deflection is nec-
essary for takeoff rotation, and nearly full antisymmetric deflection is
required for adequate roll response in combat.

Fortunately, these two requirements do not occur simultaneously, and a
control priority system may be devised. However, further study is re-
quired to isolate the critical condition for combined pitch and roll
control. Should the presently installed surfaces prove deficient, a
number of solutions are available. The alternatives include: increase
in control surface chord, addition of a pitch control surface and use of
vectored thrust for pitch control.

In addition to the augmentation functions described above, standard pilot
relief modes a: Mach hold and altitude hold will be furnished by the
Flight Control System. Fly-by-wire control, without mechanical backup,
will be used throughout. Digital computation will be employed, with
functions that are critical to flight safety integrated into a set of
triply redundant computers, while non-flight-critical processing is per-
formed in a single central, or mission, computer. This flight manage-
ment concept will provide a safe, reliable system at 1ight weight. Ex-
perience from the HLH fly-by-wire system and the YC-14 digital computers
and STOL control system will provide a solid foundation upon which to
build a Flight Control System of the future.
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2:3 TECHNOLOGY ASSESSMENT (Continued)
2.3.5 ENGINE-NOZZLE-AIRFRAME INTEGRATION

Engine Performance--Supercruise performance is heavily dependent on the
engine cycle, engine technology and low supersonic drag. Any existing
engine could have been selected as the subject of this supercruise study.
Based on engine/airplane matching trade studies, a version of the General
Electric J101 was selected because its characteristics are closest to
those desired for the Light Experimental Supercruiser. Its advanced
technology provides better thrust per frontal area and thrust per volume
than other small engines. The availability of advanced technology in
thrust sizes near 15,000 1bs allow airplane designs in the 10,000 to
15,000 1b range. Airplanes in this size class produce a useful capability
for experimental development. The engine used here is a J101/J7 Study

A9 and its cycle characteristics at supercruise conditions produce a
thrust lapse with Mach number above 1.6 that 1imits dry thrust supercruise
speed.

Installation--The engine and exhaust system installation for the -213
configuration is not a conventional design. The exhaust system is a two-
dimensional wedge nozzle concept where airframe and exhaust nozzle
structural integration is utilized to minimize weight. This concept is
considerably different from the conventional engine mounted axisymmetric
nozzle design not only because of the basic geometry, but also in the
structural integration of traditional airframe and exhaust nozzle.

Recently completed studies of the 2-D Airframe Integrated Nozzle (AIN)
show that the concept is feasible from a structural and actuation stand-
point at reasonable weights (Reference 6). Nozzle cooling requirements,
an important concern for non-axisymmetric nozzles, were found to be
comparable to cooling requirements of high performance axisymmetric C-D
nozzles, by proper management of nozzle air supply. In addition, this
study showed promise of Radar Cross Section and Infra Red suppression
due to nozzle geometry without large performance penalty. The design
studies also identified areas that require further development work
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2.3.5 ENGINE-NOZZLE-AIRFRAME INTEGRATION (Continued)

including Finwall cooling panel fatigue life, heat transfer rig tests,
development of an airframe-to-engine seal, a nozzle cooling system
control and independent nozzle throat expansion area control. A full
scale development program is estimated to require approximately 48
months, the first 18 months of which are component development testing.

Wind Tunnel Test Data--Thrust/drag performance evaluation of the 2-D AIN
has been based primarily on static and wind tunnel test data of single
and twin nozzle/aftbody models (References 7 and 8). The wind tunnel
tests were conducted in a cooperative exploratory program with NASA
Langley Research Center under Navy (NAPTC) and Boeing IR&D funding.
Tests have been conducted in the transonic (Mach 0.60 to 1.2) and super-
sonic (Mach 2.0) flight regimes with high pressure exhaust flow simulation.
Results of these investigations indicate thrust/drag performance of a
single 2-D AIN as designed for the -213 configuration is competitive with
current engine mounted variable geometry axisymmetric C-D nozzles

at transonic and supersonic speeds. High thrust vectoring efficiency and
jet induced 1ift can be obtained using the two-dimensional centerocdy
wedge deflected tc vector jet exhaust thrust downward. In addition,
thrust-reversing capabilities of panels symmetrically deployed from the
centerbody wedge are very effective for inflight operation and may also
be employed for improved deceleration during the landing.

Wind tunnel evaluation of the 2-D AIN thrust/drag performance for the
specific LES airplane geometry where the canopy fuselage, wing, and
nozzle/aftbody geometries can be simulated has not been accomplished.
Such @ wind tunnel investigation should also include an axisymmetric
C-D nozzle installation to assess "round versus square" nozzle/aftbody
performance in the installed environment.
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2.3.5 ENGINE-NOZZLE-AIRFRAME INTEGRATION

It is concluded that for the 2-D AIN concept the design is feasible from
a mechanical/structural standpoint, has thrust/drag performance that is
competitive with C-D axisymmetric exhaust nozzies, and offers potential
thrust vectoring/induced 1ift and inflight thrust reversing benefits.
There are several development tasks that must be accomplished that in-
clude thrust/drag performance evaluation for the specific LES airplane
geometry and full scale component development.

2.3.6 STEALTH TECHNOLOGY

LES was not designed specifically for stealth but the LES configuration
geonetry offers many potential solutions to aircraft detectable observ-
ables. Table 2 identifies the major vehicle observables (elements of
vehicle detection), emission characteristics, elusiveness and technology
trades. A sharp nose, low profile cockpit, blended body, high wing sweep,
canted vertical fins, a shielded inlet, a 2-D centerbody wedge nozzle,
coupled with small size and supersonic speed at high altitude, all con-
tribute to stealth research in supercruise missions.

Table 2. Vehicle Observables

Aircraft Emission Vehicle Threat Versus
Observables Characteristics Elusiveness Technology Trades
RCS Geometry Speed Detection
IR Propulsion Altitude ltireshalld
Visual External Stores Size LUl
Acoustic Antenna & Sensors Shape Performance
Materials || Maneuvers Mission
EW Avionics
IRCM Cost
Coatings gs::1opment




3.0 LES SELECTED CONFIGURATION

This section describes the LES air vehicle (Model 985-213) its sub-
systems, airframe, performance mass properties and estimated cost
for a two vehicle experimental program.

3.1 DESIGN CHARACTERISTICS (985-213)

The primary design characteristics are summarized in this section. The
general arrangement drawing is shown in Figure 19. The air vehicle

is designed to a Mach 1.8 area distribution with a blended wing body.
A NASA SCAT 15 arrow wing planform with a 74° leading edge sweep is
incorporated to minimize wave drag with low wing loading. At 12,500
1bs. the vehicle encloses a volume of approximately 375 cu. ft. The
volume is distributed through critical cross sections created by the
pilot's station in the lo-profile cockpit and the wing rear spar.

Body camber is employed to fit wing root airfoil contours for best
cruise drag and pitching .ioment. Over the nose vision is limited to
7° down at cruise to minimize canopy drag while providing an effective
gun sight capability. A 2-D Airframe Integrated Nozzle is used to
close out the body. The two dimensional centerbody wedge design of
the 2-D AIN allows lengthening the aft body, improving the aft body
fineness ratio and reducing boat tail angles without imposing signifi-
cant thrust or weight penalties.

Wing--The Light Experimental Supercruiser described is an arrow wing
design based on NASA/SCAT-15 research with low wing loading (50 PSF)
and flexible skin variable camber leading edge. The basic wing is
cambered and twisted for a design cruise lift coefficient of 0.1, The
wing is twisted about the 75% chord line to provide a simple hinge for
trailing edge elevons. Wing tip panels (of -213) are fixed with 30°
negative dihedral to reduce overall dihedral effect and contribute to
directional stability. Wing structure is skin and spar construction
with bending loads carried in the spars and torsion in the skin. Fuel
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3.1 LESIGN CHARACTERISTICS (Continued)

is carried in integral wing tanks to the fin stations. Vertical fins
house fuel surge tanks and overboard vents. Wing geometry is further
described in section 5.0 of this document.

The following section describes airplane geometry and accessibility.

Internal Arrangement--All major components and subsystems are shown on

the inboard profile, Figure 20, to represent the integrated design. In
the system descriptions frequent reference will be made to this drawing.
Part of those descriptions are summarized here to provide understanding
of the philosophy.

First the vehicle aerodynamic envelope is considered inviolate tc assure
low supersonic wave drag. In the course of packaging design some com-
promise is to be expected.

Weights and Balance--The LES balances at 55% to 60% of Mean Aerodynamic
Chord (MAC). To accomplish this, equipment placement has been located

as far aft as possible. The resulting arrangement places lower density
equipment in the forebody section., Fuel system capacity is 3800 1bs.

Fuel transfer is available to move airplane c.g. approximately 4% MAC.
This is possible by virtue of the aft body fuel tanks.

Ground Attitude--The airplane sets rather high in comparison to others

of the same size class. Body camber and chin inlet arrangement force a
choice of high nose and long nose gear or a lower nose with negative
angle of attack on the wing during ground roll. The high nose attitude
was selected to minimize nose wheel 1ift off speed. The main gear
length was sized by engine removal clearance and nozzle clearance at
touradown angles. This arrangement produces approximately 34 inches
clearance under the body and allows ample room for addition of low drag
stores pallet and clearance for loading up to 2,000 1b. bombs.
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3.1 DESIGN CHARACTERISTICS (Continued)

Lo-Profile Cockpit--The cockpit arrangement for low wave drag places the
pilot in a fixed semi-supine seat with back angle 50° aft of the vertical.
This fixed high "g" seat requires special canopy designs to provide for
emergency escape. Because of the small cross-sectional area,windshield

and instrument panel must be integrated and designed to move together
for pilot leg clearance during normal ingress and egress as well as
emergency escape.

Maintainability--Simple rules were followed for maintainability and
servicing. The primary guidelines are as follows:

1. Locate equipment to require a minimum number of openings in addi-
tion to the natural openings of wheel wells, canopy hatch, and
engine bay access doors.

2. Package avionics and equipment in 40 1b. units for easy removal
by one man.

3. Locate equipment access on upper body and usc upper wing for work
platforms.

4. Leave lower body free of access doors except for services to
connect body mounted external stores.

Accessibility--Major access to equipment and subsystem components is

through upper body openings (Figure 21). All access covers are hinged
and non-structural. This arrangement is a result of the structural
configuration which forms an inverted horseshoe frame from the very
forward radar bulkhead to the engine face.

Access to the engine mourt system and the engine/airframe accessory pack
is provided at the top of the body. Installation/removal of the gas
generator section of the engine (including the afterburner flame holders
and ignition system) is raised/lowered vertically through an opening in
the bottom of body structure. Aft of the gas generator section, the
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3.1 DESIGN CHARACTERISTICS (Continued)

non-circular afterburner duct and center body wedge nozzle are integrated
into airframe monocoque structure. A circular interface (between the gas
generator section and the aft body integrated exhaust system) is located
forward of the flameholders and is sealed by a rolling bellows design.
Access to nozzle actuators is through the drag modulation/reverser panels
on upper and lower surface of the variable geometry centerbody. A work
stand is necessary to provide good working height for the nose and cock-
pit sections. The upper wing surface serves as a work stand for upper
body equipment bays and the gun bay. A standard "Air-Log" trailer is
usable for engine removal.

Removal of heavy equipment such as ejection seat, cannon and aircraft
accessory drive system require hoist equipment. Other equipment and
electronic boxes are intended to weigh 40 1bs. or less for one man
removal.

The lower body is clear of access doors. As such the inlet duct section
of the body is monocoque with only the engine bay door breaking the lower
body. The absence of access on the lower fuselage is intentional to
leave unobstructed space for low drag weapon carriage.

Armament Loading--The "CLAW" air-to-air missiles are mounted semi-sub-
merged on the upper body. This location provides low drag and good
sensor up look angles. Hoist loading is possible but ample space is
available on top of the wing for two men to position the 80 1b. missiles
on their rail launchers. Ammunition loading is all manual from the
upper wing work area.
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3.2 AIRFRAME

This section describes the structural arrangement, materials selection,
loads and stress analysis and landing gear arrangement for LES concept
985-213.

LES Composite Structure--The determining factors in the design concept

of the structure are, blending of wing and body structure which causes
extreme changes in direction of the exterior panels in the spanwise
direction and placement of the engine with its access requirements. The
structural arrangement is shown in Figure 22.

The structural concept under investigation in the Battle Damage Tolerant
Wing Structure Development Program (Reference 5) is used in this airplane.
This concept uses multi-spar construction with the wing bending loads
carried by the spars and wing torsion carried in the skin panels. The
skin panels are designed with 1950 graphite for wing torsion and 0°
S-Glass for improved damage tolerance (30% thickness of required graphite).
The S-Glass increases the damage tolerance of the panel by increasing the
strain at failure by approximately 100% and also the additional panel
thickness increases panel stability and shear capability. This panel
design does not require edge inserts or filler material where fuel pres-
sure loads require mechanical fasteners to be installed and is more
economical to build than the sandwich design.

The upper and lower panels are mechanically attached to the spars. Tests
run in the Battle Damage Tolerant Wing Structural Development Program
(Reference 5) show the mechanical attachment to be far superior to bond-
ing these panels to the spars due to high internal pressures associated
with 23 mm HE and the hydraulic ram effects in the fuel tank areas.

The spar concept consists of a sandwich web with (1450/900) graphite face
sheets on fiberglass honeycomb and o° graphite chords. Fiberglass honey-
comb core is used to avoid potential corrosion problems associated with
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3.2 AIRFRAME (Continued)

aluminum honeycomb core. The spar webs are flat, constant thickness
honeycomb to reduce fabrication costs. The basic multi-spar design will
carry “imit load with any one spar failed. The wing-body blend area at
the side of the engine forms a natural torque box for spar load redistri-
bution.

Body bending loads are carried by lower longerons of 0° graphite located
on the lower surface along the sides of the engine removal doors, and by
o° graphite beams located at the sides of the upper engine accescories
access doors. All point load applications are distributed into the com-
posite (graphite-epoxy) airframe by machined titanium fittings.

For lightning protection, the exterior surface of all composite skins is
covered by aluminum wire mesh, .003 x 120 x 120, laid up in the panel and
bonded to the ground system of the airplane. Other techniques for Electro-
Magnetic Pulse (EMP) protection are being studied under government spon-
sorship and these results will be considered in future designs of LES
structure.

Landing Gear--The landiny gear arrangement is a conventional tricycle
arrangement with 55° lateral turnover. The nose gear is offset from the
centerline to accommodate the inlet duct. The need for low-wave drag
has dictated the location for engine accessories above the wing behind

the wing carry over spars. While this arrangerent minimized body cross-
sectional area, it eliminates useful gear stowage space below the inlet
duct. The compromise nose gear arrangement does not unduly complicate
the wing root structure for stowage because the opposite wing carries
the cannon and its loads in similar structure. With nose gear down, the
nose wheel is located ahead of the inlet and is offset from the center
producing wheel/inlet relationship similar to many twin inlet airplane
arrangements. The main gear requires a shrink link to retract into the
wing wheel well. This is brought about by gear down length requirements
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3.2 AIRFRAME (Continued)

and the use of an unswept front spar. A more detailed design study should
compare the benefits and penalties of an alternate design which would add
modest sweep to the rear spar, increase nose down ground attitude 1/2
degree and increase body clearance height five inches.

Canopy Design--The canopy design represents a compromise of over the nose
visibility in favor of reduced supersonic wave drag. Canopy contours are
cylindrical in cross section. A constant radius of 13 inches wrapped in

a toriod provides smooth canopy fairing between windshield and rear fair-
ing. Canopy frame structure is of graphite-epoxy hinged along the right
hand sill-beam. Integration of the instrument panel and canopy frame
facilitates all pilot ingress and egress modes and serves to reduce the
total weight of this counterbalanced unit. Canopy and windshield materials
are primarily polycarbonate.

Loads and Stress Analysis--An integrated aeroelastic loads and stress

analysis cycle of a typical wing/fuselage structural arrangement for the
LES 985-213 airplane has been conducted with the Boeing Integrated Struc-
tural Analysis System (ISAS), which is described in appendix A.

The external load envelope is based on three symmetric 6.5 g balanced
maneuvers at speed altitude combinations representing some of the expected
critical conditions; namely, Mach = .85 at 30,000 ft, Mach = 1,2 at

40,000 ft. and Mach = 1.8 at 50,000 ft. The airload distributions are
based on two-dimensional potential flow theory with the limitations of
linear, nonviscous, attached flow. An idealized structural arrangement

is somewhat different from the final arrangement shown in Figure 22.

The limitations of the analysis are well recognized; however, the aero-
dynamic and structural approximations are adequate to indicate that the
use of graphite-epoxy composite materials used in this type of structural
arrangement can provide a strong and light-weight structure. Structural
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3.2 AIRFRAME (Continued)

weight for idealized strength material of the 60 ft2 main load carrying

portion of the integrated wing/fuselage structure is 196 1b. per airplane
(3.27 1b/sq. ft.).

The external aerodynamic/weight load grid together with the section of

the airplane structure analyzed is shown in Figure 23. The general design
procedure is to obtain initial structure sizes and flexibilities by
applying the external loads that would occur on a rigid airplane. A new
set of loads incorporating flexibility effects can then be calculated and
applied. A second structural sizing follows to complete an aeroelastic
loop. In this case, no significant load changes were evident and no
further aeroelastic iterarions were necessary. Mechanical properties used
for the graphite/epoxy structure are shown in Figure 24. These values
were extracted from the Air Force Advanced Composite Design Guide.

In the structural concept for the wing, spanwise uniaxial fiberglass was
used (30% of the skin gage thickness) to improve damage tolerance and
buckling strength of the 1450 oriented graphite/epoxy skin. In the ini-
tial analysis, the fiberglass was not considered as part of the load
carrying structure, but was used in calculating skin weight. Subsequent
analyses show that the uniaxial fiberglass reacts approximately the same
magnitude of load as the 1950 Graphite/Epoxy skins in the spanwise direc-
tion. While this provides a margin of safety of 30-50% in a majority of
the structure analyzed, the combined thermal and moisture degradation
effects of Graphite/Epoxy will offset part of these margins of safety.

Partial program output is machine generated plots of the unloaded struc-
ture as viewed from various perspectives. The structural deflections that
result from application of design loads are presented in Figure 25 where
the washout at the wing tip in a high load maneuver can be seen. Deflec-
tions are proportional to vector lengths.
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3.3 PROPULSION SYSTEM INSTALLATION
ENGINE DESCRIPTION AND INSTALLATION

The baseline powerplant for the LES study is a derivative of the General
Electric J101-GE-100 engine. This engine (designated the J101/J7 Study
A9) is a dual rotor, low bypass ratio, medium cycle pressure ratio engine
with @ mix flow augmentor and scheduled C-D axisymmetric exhaust nozzle.
The J101/J7 Study A9 engine incorporates a flared fan to increase the
engine airfiow and bypass ratio with a slight increase in maximum tur-
bine temperature over the J101-GE-100. Additional J101/J7 Study A9
modifications consist of the following:

0o New three finger single actuation exhaust nozzle, (slaved A9/A8),
0 Revised exhaust nozzle area schedule,

0 Rescheduled augmentor for improved low reheat performance,

0 Revised fan speed and turbine inlet temperature schedule.

LES Installation--For this configuration study, the J101/J7/A9 engine
was modified to relocate engine accessories and to accept a 2-D Airframe
Integrated Nozzle. No internal modifications are required in the gas

generator. Engine accessories and a new gear box have been moved to a
top mounted location to utilize an existing heavy strut (at 12 o'clock
position) to house the main power takeoff shaft as shown in Figure 26.
Engine installation utilizes the existing mounts. This arrangement
allows engine and aircraft accessories to be "hidden" between body spar
frames for reduced airplane cross sectional area.

Inlet Duct System--Air induction is through a single 2-dimensional
horizontal ramp inlet. The diffuser transitions from 2-dimensional at
the throat to circular at the engine face. Approximately 10 inches

ahead of the compressor face is a flexible joint in the circular duct
section which accommodates duct/engine misalignment as well as thermal
growth of the duct section. Alignment of the engine with the inlet duct
is aided by adjusting the length of the side and rear engine mount links.
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3.3 PROPULSION SYSTEM INSTALLATION (Continued)

Engine Mounting--Engine thrust is transmitted into the integrated wing/
fuselage structure through the lower body longerons. The forward thrust

mounts consist of pins inserted into spherical bearings on the horizontal
centerline of the engine case at engine station 200.0. There is no side
restraint on the thrust mounts and the engine can be translated laterally
in the engine compartment by adjustment of the side mount tangential

link located at the top centerline of the engine. At engine station

244 .44, is the rear engine mount, which consists of an adjustable verti-
cal link, hung from the wing/fuselage structure. The rear mount will
only react vertical load and will permit engine movement laterally as
well as fore and aft.

2-D Nozzle Description and Mounting--The augmentor duct and axisymmetric
C-D nozzle combination of the basic engine are removed and replaced with
the 2D Airframe Integrated Nozzle installation. A circular interface

between the engine and the 2-D AIN exhaust system is located aft of the
rear mount, but forward of the flameholder location and sealed by a gas |

tight rolling-bellows. The flexible joint permits 3-axis movement, : |
accommodates thermal expansion, and isolates all nozzle loads from the I
engine case.

The 2-D exhaust system features a two-dimensional variable geometry
centerbody wedge, capable of independent A8 (primary nozzle throat area)
and A9 (nozzle exit area) control installed in a fixed geometry duct.
The exhaust duct transitions from circular at the flexible seal joint ?
to "square" (super ellipse cross section) at the nozzle throat station.

The duct cross section remains constant from the nozzle throat station

to the nozzle exit station. Sidewall extensions form low drag booms and

provide centerbody wedge support aft of the nozzle exit plane. Inte-

grated airframe structure provides the pressure vessel and outer struc-

tural support for the afterburner liners, sidewalls, and centerbody

wedge. The variable area centerbody wedge is supported in four locations,




3.3 PROPULSION SYSTEM INSTALLATION (Continued)

all four share vertical loads and one location (A9 linkage) provides the
axial force restraint. Primary vertical load paths are through the A8
and A9 linkage to a structural box beam (located inside the centerbody
wedge on the centerline) attached to the airframe structure.

The nozzle cooling system design for afterburner operation is comprised
of two elements:

1) A1l surfaces of the exhaust system upstream of the nozzle exit plane
are cooled by fan discharge air;

2) all the nozzle surfaces downstream of the exit plane are cooled by
fan air (subsonically) or by ram air (supersonically).

Further, the cooling distribution system is designed to permit shutting
off all cooling flow downstream of the throat plane (duct, sidewalls and
centerbody wedge) during all non-augmented thrust modes. This approach
reduces the 2-D nozzle cooling flows to levels less than that required
for typical axisymmetric augmentor ducts and C-D nozzles.

Thrust reversing and thrust vectoring capability can be easily incor-
porated into the centerbody wedge design. I[n anticipation of future
requirements, thrust reversing and vectoring capability has been included
in propulsion system weight estimates. A detail discussion of the 2-D
Airframe Integrated Nozzle design features is presented in References

6, 7, 8 and 9.

Engine Installation and Removal--Installation of the gas generator is

accomplished using a standard air-log trailer. Adequate clearance below
the body longeron allows direct placement of the engine below the engine
mount lugs. With the airplane stabilized with jacks or landing gear link
locks, the engine is lifted vertically to the mount position. Visual
inspection of the process is provided through the upper access doors

over the accessory bay and above the rear engine mount link. Centering
the engine on the two thrust mounts is done with lateral motion of the




3.3 PROPULSION SYSTEM INSTALLATION (Continued)

trailer. Attaching the rear engine mount to the rear mount frame will
permit removal of the ground handling trailer. The inlet stub duct,
which is telescoped forward during engine installation, is slid aft and
clamped to the compressor face through the engine bay cowl panel. The
exhaust nozzie flexible seal is clamped to the gas generator. Connect-
ing fuel, electrical, hydraulic pneumatic, controls and power takeoff
shaft to the airplane systems completes the gas generator installation.
With inspection completed the non-structural access doors, top and bottom
can be reinstalled.

INSTALLED ENGINE PERFORMANCE

The J101/J/ Study A9 derivative engine provides increased takeoff thrust,
increases in altitude combat thrust and improved dry thrust at supersonic
cruise over the J101-GE-100. A comparison of the J101/J7 Study A9 and
the J101-GE-100 uninstalled thrust levels at key LES flight conditions

is presented in Figure 27.

The goal of the LES study is to achieve efficient superscnic cruise at
Mach numbers from 1.6 to 2.0. This makes it desirable to operate the
engine at intermediate power setting rather than a partial augmented
power setting to achieve lower specific fuel consumption: (i.e, at Mach
number 1.8 uninstalled specific fuel consumption at intermediate power
is 15.5% less). As shown in Figure 28, the intermediate thrust lapse
of the derivative engine cycle above Mach number 1.6 makes it difficult
to achieve this goal.

Uninstalled engine data were corrected for installation effects using
the methods described in “Propulsion System Installation Corrections”,
AFFDL-TR-72-147 Volumes I-1V. One exception is the bookkeeping of the
total inlet spillage drag (reference spillage drag plus the power lever
sensitive spillage drag), where the reference spillage drag is included
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3.3 PROPULSION SYSTEM INSTALLATION (Continued)

in the installed propulsion system performance. Appendix B further
expands the aero-propulsion bookkeeping methods relied upon in this
study.

Axisymmetric nozzle performance data were used in the exhaust system
installation because 2-D nozzle wind tunnel data was not available in
suitable TEM 333 format for installed engine performance calculations.
A wave drag increment for the 2-D wedge was estimated and included in
the airplane drag polar. Power sensitive afterbody drag estimates
(Figure 29) are based on the Boeing Light-Weight Fighter F-100 nozzle
installation. Subsequent to this LES airplane study, the 2-D AIN wind
tunnel test results were used in an axisymmetric C-D nozzle versus 2-D
nozzle/afterbody evaluation study. This study indicates the above
assumptions are representative of 2-D nozzle/afterbody performance
levels.

Installation penalties as a percentage of uninstalled thrust at the LES
cruise condition are shown in Figure 30. The penalties include the
effects of 50 horsepower extraction and 0.5 1bs. per second high pres-
sure bleed. Note, the installation losses cause a more severe inter-
mediate thrust lapse at Mach numbers above Mach number 1.6 as illus-
trated in Figure 31.
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3.3 PROPULSION SYSTEM INSTALLATION (Continued)

INLET SELECTION AND DESIGN

An inlet trade study was completed to define the type of inlet which
best matched the LES airplane and the J101/J7 Study A9 engine. Inlet
geometries reviewed were as follows:

1. Two-dimensional, three ramp, two ramps variable (Baseline inlet
for the airplane trade studies).

Two-dimensional, two ramp, one ramp variable,

Two-dimensional, two ramps fixed.

Axisymmetrical half round, three shock, variable body.
Axisymmetrical half round, two shock, fixed centerbody.

N S W N

A1l the above inlets were designed for Mach number 2.0 plus operation
in fighter applications. Each inlet was matched to the J101/J7 Study
A9 engine requirements. Capture areas for the fixed geometry inlets
were sized in the transonic region and for the variable geometry inlets
at Mach number 1.6. The effects of ram recovery, bleed drag, spillage
drag, and reference drag were included in the inlet performance. In
all cases spillage drag increased rapidly above Mach number 1.6 due to
the steep lapse in engine airflow required relative to inlet airflow
supply.

An incremental structiure plus cruise fuel weight comparison was completed
for each inlet concept. A cruise point at Mach number 1.8, altitude
50,000 feet for the -202 configuration was selected for this comparison.
Intermediate thrust was assumed for the entire cruise leg by the mission
(200 n.mi. radius).

Figure 32 presents the increased fuel required to complete the cruise

leg of the mission for each inlet concept relative to the two-dimensional,
three ramp, two ramps variable inlet. (Baseline inlet for the Parametric
Airplane Study).




3.3 PROPULSION SYSTEM INSTALLATION (Continued)

Class 1 (preliminary) weight estimates were made for each inlet concept
based on a constent overall inlet length, Figure 33. The weights were

referenced to the two-dimensional, three ramp, two variable ramp inlet

(baseline for the Parametric Airplane Study).

The summary results presented in Fiqure 34 show the two-dimensional, 2
ramp, 1 variable ramp inlet minimizes the incremental structure plus
cruise fuel weight. However, all inlets except the half round fixed
are very near the minimum incremental structure plus cruise fuel weight.

An incremental number of supersonic turns comparisons was also made for
each inlet concept. A constant takeoff gross weight was assumed for the
-202 airplane configuration. Operating empty weight was adjusted by the
incremental inlet weight. Cruise fuel weight was adjusted for inlet
cruise performance ( M - 1.8, Alt. = 50,000 ft.). The remaining fuel
was used for turns at Mach 1.8, altitude 50,000 feet and PS = 0. Figure
35 presents the results of the incremental number of turns comparison
relative to the two-dimensional, three ramp, two ramps variable inlet.
These results again show all inlet concepts except the half round fixed
geometry inlet similar performance.

Based on the above comparisons a two dimensional, two ramp, one ramp
variable inlet was selected for the final performance estimates. The
configuration for this inlet is shown in Figure 36. The ramp geometry
was designed for maximum recovery with shocks on the lip at Mach number
2.2 in anticipation of receiving engine data to Mach number 2.2 (present
engine data is limited to Mach 2.0). With the selected fixed ramp angle
the second ramp is positioned to achieve near optimum recovery at each
Mach number.

Figures 37 through 43 present the inlet performance curves used in
generating the installed engine performance data. The inlet recovery
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3.3 PROPULSION SYSTEM INSTALLATION (Continued)

(Figure 37) was computed from supersonic shock losses and subsonic
diffuser lcsses using diffuser loss coefficient, APT/q = 0.12. The
recovery and mass flow ratio for engine match airflow (Figures 38 and
39) were calculated from Figure 37 and the J101/J7 Study A9 engine
maximum corrected airflow. The buzz and distortion limits for the
inlet are shown in Figure 40,

Boundary layer bleed mass flow rates are plotted against mass flow ratio
and Mach number in Figure 41. With this bleed the inlet should be stable
over the range of engine corrected flow variation due to altitude changes.

Reference mass flow ratio and reference spillage drag are presented in
Figure 42. Bleed drag and spillage drag coefficients are presented in
Figure 43 and for the LES study the reference spillage drag was included
in the total spillage drag coefficient shown in Figurc 43. Normally,
the reference spillage drag increment (shown in Figure 38) would be
included in the aerodynamic drag, in accordance with the aero-propulsion
force accounting procedure documented in Reference (10).

Developing an efficient inlet for flight at Mach numbers up to 2.0
requires detailed analytical studies and wind tunnel testing to investi-
gate inlet recovery, drag, engine/inlet compatibility, and inlet/air-
frame integration. Unfortunately, it is not usually possible to make
all these important investigations in detail during preliminary studies
of candicdate configurations. For preliminary studies at Boeing, the
TEM 333 computer program (PITAP procedure + modifications) is used to
calculate installed engine performance. This program uses the set of
inlet maps shown in Figures 37 through 43. For purposes of preliminary
estimates of inlet/engine compatibility, buzz and distortion limits are
included in input data to help avoid regions of possible problems that
may require studies in greater detail.
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INCREMENTAL CRUISE FUEL
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Figure 32. Inlet Trades — Incremental Cruise Fuel Weight Required
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INCREMENTAL STRUCTURE + CRUISE FUEL WEIGHT (POUNDS)
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Figure 34. Inlet Trades — Incremental Structursl Plus Cruise Fuel Weight

CRUISE: 200 N.MI. RADIUS, M = 1.8, ALT = 50,000 FEET
TURNS: M=18, ALT = 50,000 FEET,Pg=0

Incrementsl number of turns
2-D, 3 ramps, 2 variable 0.0
2-D, 2 ramps, 1 varisble +0.15
2-D, 2 ramps, fixed -0.30
1/2 Round, verisble <0.06
1/2 Round, fixed -1.84

Figure 35. Inlet Trades — Iincremental Number of Turns
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3.3 PROPULSION SYSTEM INSTALLATION (Continued)

Flight test experience with the General Dynamics F-16 has demonstrated
that the under-fuselage inlet location is favorable from the standpoint
of inlet total pressure recovery and inlet/engine compatibility through-
out the flight and maneuver envelope of the airplane (Reference 11).
Boeing wind tunnel tests (Reference 12) for the proposed Boeing LWF
design also demonstrated the under-fuselage inlet location provides
satisfactory total pressure recovery and inlet/engine compatibility

over a wide range of angles of attack, yaw, and Mach number.

FUEL SYSTEM

Internal fuel is contained in integral fuselage and wing tanks with a
capacity of 3630 pounds (560 gallons) of JP-4 fuel. Provision is made
for carrying 300 gallons of extra fuel in two body conformal drop tanks.
Two main tank compartments are located within, and on each side of the
aircraft fuselage with a single collector tank containing the booster
pumps. This compartmented main tank contains 2430 pounds of fuel. The
wing structure itself is used to form two integral tanks, bounded by

the front and rear spars and between side of body and 100% semi-span

the total wing capacity is 1200 pounds. Wing tip fins house surge tanks
and overboard vents. The tanks are connected to form two groups, each
half of the system can maintain full demand of the engine, thus pro-
viding 50% compartmentization. All tanks incorporate water sump drains.

Fuel pressure at the engine fuel pump inlet shall be maintained at not
less than 5 psi above the true vapor pressure of the fuel and not greater
than 50 psig with a vapor liaguid ratio of zero. For design considera-
tions, the aircraft fuel system will be capable of providing fuel flows
as high as 40,000 pph to the engine fuel inlet. The engine has been
designed for operation with fuel that meets the requirements of MIL-T-
5624 grade JP-4 and JP-5, ASTM Types A and B, and NATO Fuel No. F-40

and F-44,



3.3 PROPULSION SYSTEM INSTALLATION (Continued)

Engine Feed--Two electrical boost pumps are mounted within a negative
"g" housing, located in the bottom of the main tank to maintain a posi-
tive pressure at the inlet of the engine driven fuel pump. (Multiple
pumps are installed for redundancy and flight reliability). Fuel is
allowed to bypass the pump for suction feed or suction defueling. In
the event of multiple pump failure, tank pressure and fuel head will
help maintain adequate fuel supply. The negative G sump is kept full
via normal transfer through balanced spring loaded check valves and
during maneuvars or aircraft rapid descent at high negative angles of
attack by jet pumps located in the bottom of the main tank operated by
fuel supplied from the boost pumps.

Transfer and Vent--Air pressure is supplied to the external drop tank
via twin body connections. If these tanks are not used, the air is
passed directly to the wing tanks. Fuel is transferred from the lowest
point in the wing tank to the highest point in the main tank. Fuel
transfer for c.g. control is available over the limits shown in Figure
44. \Vapor release valves are located in the top of the main tank float
operated to release to the vent system any air or fuel vapors evolved
from the fuel or transferred during maneuvers in order to maintain a
full main tank.

Pressurization--To allow aircraft operation at high altitude with volatile
fuels, it is necessary to pressurize the tanks to suppress fuel boiling.
As a positive 5 psig pressure is required for all design missions, it has
been found to be practical and economical to pressurize the tanks all

the time and utilize this pressure energy for fuel transfer. Pressure is
supplied from the engine compressor through a filter and dehumidifier to

a control valve. Duplicate reducing valves reduce this high pressure to
10 psig. The pressure control valves relieve excess pressure above 12
psig to the vent system. This valve is overridden (if failed) to allow
air to enter the tanks. During ground refueling, pressure is sensed within
the refueling 1ine that relieves the tank pressure and allows a greater
refueling rate to be obtained.

n
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3.4 AERODYNAMICS

This section describes the aerodynamic characteristics of Model 985-213.
Complete drag polars, non-lifting elements, camber effects and trim
penalties are included along with 1ift and pitching moment character-
istics. The principle methods for aerodynamic estimating are found in
Appendix C and the NASA/Boeing Program for supersonic Computer Aided
Design (Reference 13). Flexible leading edge variable camber devices
were employed to further augment the low wing loading and high thrust to
weight ratio effects on transonic maneuver. The impact of these devices
and of the basic wing characteristics at subsonic speeds was estimated
based on methods derived from previous test data. (Reference 14).

Since the goal of LES is dry thrust cruise at M = 1.8 it is imperative
that all drag items be minimized at this condition. Table 3 summarizes
the zero 1ift drag buildup and indicates that wave drag contributes 29%
to the total. This study then emphasized the importance of "other" drag
.tems such as excrescence, and miscellaneous items.

These estimates were made from the 985-212 general arrangement drawing.
Confiauration differences between the -212 and -213 are minor. The
associated cross-sectional area distribution shown in Figure 45 was used
for wave drag estimates. Notice that the distribution closes to the
fully expanded jet area. Therefore, the wave drag increment for the
wedge is included in the airplane drag polar. Oth<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>