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CONFIDENTIAL

FOREWORD

Lockheed-California Company is pleased to submit this report as a portion of its proposal for
the Development of a Commercial Supersonic Transport. The proposal is in response to the
Federal Aviation Agency Request for Proposals, dated 15 August 1963, as atncaded by Adden-
dum 1, dated 14 October 1963, and Addendum 11, dated 29 November 1963.

All volumes comprising the proposal are prepared in accordance with the FAA Request for
Proposals, the Addenda, and the guidance resulting from the Bidders' Briefing on $ September
1963.

Title and content of each proposal volume are in accordance with the Proposal Format of the
RFP. For the convenience of the reviewer, section and subsection titles throughout the volumes
«re followed by the appropriate RFP reference number in parentheses.

o ——

The reports making up the total proposal are listed below, with the Litle of this volume printed

in boldface type:

Lockbeed
Volume Title Report No.
I Surmmary (5.0) 17319
A Airframe Work Statement (3.2.1) 17320
A-ll Model Specification (3.2.2) 17321
Al Aircraft Description (3.2.3) 17322
A-IV Structural Report (5.2.4~3.2.5) 17323
AV Aerodynamic Report (3.2.6-3.2.8) 17324
A-VI Propulsion Report (3.2.9) 17325
AVl Systems Report (3.2.10-3.2.16) 17326
A-VHI Ground Support Equipment Report (3.2.17) 17327
A-IX Test and Certification Plan (3.2.18-3.2.20) 17328

AX Aircraft Mockup and Design Engineering
Inspection Plan (3.2.21) 17329
M Management (4.1-4.3) 17330
M-Il Management Controls (4.4 -4.10) 17331
M- Product Support Plan (4.11.1--4.11.4) 17332
M-1V Preliminary Production Plan (4.12 -4.14) 17333

M-V Deveiopment and Production Costs

(4.15-4.17) 17334
M-vi Direct Operating Costs (4.18.1-4.18.2) 17335
APPENDIX A Alternate Economic Analysis (4.18.1) 17336
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SECTION 1

This report presents the aerodynamic characteristics,
performance capabilities, and the stability and con-
trol of the Lockheed SST offered in response to the
FAA Request for Proposal, dated August 195, 1963.
The SST reflects eight years of aerodynamic study,
involving continucus evaluation of a=rodynamic data
from all available soutces, configuraiion analyses,
specific wind tunnel tests of many design concepts,
and integration of results with design, structure, and
weight considerations. The fundamental need for ait-
plane simplicity manifested itself as the major con-
clusion from this intensive effort. As the studies
continued, the ways and means for achieving sim-
plicity emerged.

During these investigations, more than one configura-
tion concept proved capable of doing the SST job.
In the final analysis, however, the concept offering the
best combination of simplicity of design, maintenance,
and operation characteristics will provide the least
program risk and cost together with increased safety.
The ability of the SST to employ a simple concept
and provide the performance, handling qualities, and
boorn characteristics required for safe, economical
supersonic operation is shown in this report.

The 88T employs a large fixed wing of double deita
planform, four individual underwing nacelles and
a single afr fuselage vertical tail. The airplane does
not incorporate either a canard or horizontal tail.
The general arrangement is shown in Figure 1-1.
A complete airplane description is given in Section 3.
The unique feature of the design is the double delta
planform, and it is this feature which has been ex-
ploited aerodynamically to achieve the ultimate in
simplicity. This planform offers structur:. 2fficiency
that allows for practical employment of large wing
areas, and therefore light wing loadings. The large
area provides improved lift-drag ratios; the light
wing loadings and substantial ground effect obviate
the need for high lift devices. The planform shape
minimizes aerodynamic center shift over the Mach
number range, and provides smooth transonic area
progression curves that benefit both drag and sonic
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boom characteristics. The vortex flow field generated
by the double delta shape enhances the directional
stability characteristics. This planform provides these
aerodynamic improvements with simple, structurally
reliable fixed geometry.

Since the concept of the double delta supersonic
transport is a recent development, availability of ex-
perimental data has not been extensive. For this
reason detailed low speed and high speed wind tunnel
tests have been conducted as part of this proposal to
establish the findings discussed above. The aero-
dynamic data from these tests are presented in Section
4 of this report. The advantages of the double delta
wing are demonstrated by these data.

These wind tunnel results indicate that the aerody-
namic potential of this type of wing geometry has not
yet been fully developed. Tests conducted to assess
the benefits of using camber and twist to improve
cruise L/D and trim drag characteristics indicate that
while gains have been achieved in the wind tunnel
to date, additional improvements can be obtained .. "*h
further development testing. Current status wind tun-
nel results do not reflect the full capability of the
airplane that can be expected by devoting continued
research and development during Phase II. In Section
4 the aerodynamic characteristics as they are estab-
lished to date, 2ud those that can be realized at the
end of the Phase II study program are shown and
discussed. The performance characteristics of Section
5 and the stability and control characteristics of Sec-
tion 6 are based on the developed airplane character-
istics available by the end of Phase II.

All engines offered by the major U.S. engine com-
panies were considered for the SST. Studies indicated
a preference for the fan-type engine, because of opera-
tiona! flexibility and superiority in snbsonic Aight and
airport noise characteristics. Three principal engine
candidates were selected, the Pratt and Whitney
JT11F-4 turbofan, the General Electric GE4/F6A
turbofan and the Curtiss Wright 1J70A4 turbojet.
These three powerplants offered the best overall po-
tential after considering weight, performance, and
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development status. Because of the podded nacelle
installation for the SST, any of these powerplants
can be readily adc pted.

Range-puyload capabilities achieved with these three
powerplants are summarized in Figure 1-2, and are
shown using the current status aerodynamic charac-
teristics as substantiated by the wind tunnel.

It is noted that at the design range of 3,470 nautical
miles (4,000 statute miles), the basic current status
airplane, with the Pratt and Whitney JT11F-4 engine,
carries approximately 10,000 pounds of payload.
With the General Electric GE4/F6A engine, the pay-
load is increased to 13,000 pounds, and with the
Curtiss- Wright TJ70A-4 engine to 38,000 pounds.
Despite the indicated performance sur riority of the
Curtiss- Wright engine and the modes. advantage of
the General Electric engine, this proposal is based on
the use of the Pratt and Whitney JT11F-4 engine.
This engine, with more than 5 years of development
experience on the full scale J-38, is used for reasons
of reduced program development risk, more assured
schedule reliability, and the more conservative, proven
status of the eagine today.

The range-payload capabilities of the SST, based on’

the developed status of the airplane at the end of the
Phase I period, arc shown in Figure 1.3. These data
are cerived on the basis of improvements that can be
realized by continued development in the areas of
acrodynamic drag, structural weight, equipment
weight, engine specific fuel consumption, and engine
weight. The expected improvements in these areas are
all realistic values and do not require any state-of-the-
art breakthroughs to accomplish. For example, the
expected improvement in supersonic L/D at Mach 3.0
ts only .25 and the improvement in subsonic L/D is
.60. Further work on structural and equipment weights
is expected to yield a 5 percent improvement in weight
empty. In addition, due to the conservative approach
taken by the engine manufacturer in regard to engine
turbine operating temperatures and engine weights,
an improvement in cruise specific fuel consumption
in the order of 1.5 to 2.0 percent appears feasible and
a weight improvement of 5 percent is a possibility.

At the design range of 3,470 nautical miles (4,000
st mi), the SST, at its design take-off gross weight of
430,000 pounds, has the capability of transporting
30,000 pounds of payload, using 198,400 pounds of
block fuel. The international interior maximum pay-

LOCKHERD
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load of 45,873 pounds can be flown to ranges up to
3,020 nautical miles. With full fuel load, a payload
of 17,000 pounds can be transported 3,850 nautical
miles.

Typical performance items for the SST along the
design flight profile are given in Figure 1-4. Climb
to acceleration altitude is conducted at 360 knots
CAS. Climb and acceleration is accomplished along
a 2 psf boom intensity profile, passing through
43,000 feet altitude at Mach 1.2. Initial cruise starts
at 70.000 feet, where the initial ground boom level
will be 1.5 psf. Boom intensity decreas.s along the
maximum range climb-cruise profile. v.ith 1.2 psf pro-
duced at the end of cruise altitude of 77,000 feet.
Descent is conducted at 330 knots CAS down to an
altitude of 535,000 feet and 320 knots CAS at lower
altitudes. Reserve fuel corresponds to the allowances
desired by the FAA Request for Proposal.

Analysis of the effects of cruise speed on economic
considerations has led to the choice of Mach 3.0 cruise
for the SST. The effects of lower cruise Mach number
on range-payload characteristics for a given take-off
gross weight airplane are shewn in Figure 1-5. For
cruise at Mach 2.6 and a range of 3,470 nautical miles,
9,000 pounds of payload must be off-loaded; at Mach
2.2, more than 30,000 pounds. These numbers include
effects on empty weight due to cruise Mach number
change. When these dramatic fosses in payload capa-
bility are compounded with reductions in block speed,
substantial increases in operating costs are incurred,
and increased airplane size as a means for restoring
payload capability is indicated. Attempts to recover
losses by increasing airplane size actually reduces the
economy further. Increased first cost and amplifica-
tion of the sonic boom problem further deteriorate
the operating economics at lower speed. To fully
exploit the fundamental high speed cruise concept
of the supersonic transport, and to provide the highest
payload and most economical airplane, cruise at Mach
3 is clearly indicated.

The design flight profile is conducted using zero
wind, standard day conditions, and a climbing cruise
technique in =:ordance with the FAA Request for
Proposal. Effects of off-design operation of the SST
at a takeoff gross weigh* of 450,000 pounds, with
30,000 pounds of payload and full reserve fuel are
as follows; Constant altitude cruise at an altitude
equivalent to the average climb-cruise altitude {74,000
feet) will decrease range by 30 nautical miles. Opera-
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SUBSONIC CLIMB @ 360 KNOTS
CAS MINIMUM DUCT BURNING

TRANSONIC ACCEL @ 2 PSF BOOM
OVERPRESSURE MAXIMUM DUCT BURNING

INITIAL CRUISE @ 70,000 FEET ALTITUDE 1.5 PSF
BOOM OVERPRESSURE PARTIAL DUCT BURNING

FINAL CRUISE @ 77,000 FEET 1.2 PSF BOOM
OVERPRESSURE PARTIAL DUCT BURNING

DESCENT @ 330 TO 320 KNOTS CAS
PARTIAL DRY POWER

RESERVES DEFINED BY FAA
REQUEST FOR PROPOSAL

FIGURE 1-4 DESIGHN FLIGHT PROFILE
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tion at 4,000 feet above or below 74,000 feet will
decrease the range by approximately 100 nautical
miles. It is seen that the range losses are small, indi-
cating favorable airplane operation flexibility. These
range losses are readily restored by use of a small
fraction of the reserve fuel.

The design flight profile for the SST follows a 2 psf
boom overpressure speed-altitude schedule through
the transonic acceleration phase of the flight. The
effect of following higher and lower boom intensity
profiles on payload-range characteristics is given in
Figure 1-6. For long range overwater flights, the use
of a 2.5 pst profile over the ocean will provide a range
increase of 120 nautical miles. For domestic trans-
continental operation, profiles following a 1.7 psf
overpressure can be used without off loading payload.
The light wing loading and low aspect ratio of the
double delta configuration will provide a buffet
boundary margin that will allow unlimited selection
of sonic boom acceleration altitudes.

Subsonic performance is summarized in Figure 1-7.
For a typical ferry-range flight, where subsonic opera-
tion for long ranges might be conducted, 15,000
pounds of payload can be transported 3,500 nautical
miles.

Using the FAA Request for Proposal emergency re-
serve fuel definition, the SST can continue the flight
assignment to its destination after a midpoint singie-
engine failure by continuing the Sight at either Mach
3 or subsonic cruise speeds. A total range of 3,850
nautical miles can be achieved 2ssuming a single en-
gine failure, and 3,650 nautical miles can be accom-
plished at subsonic cruise speeds after failure of two
engines at the design range midpoint. Total range
after a midpoint cabin decompression is 3,730 nauti-
cal miles.

Additional performance characteristics and detailed
data for each segment of the flight profile are pre.
sented in Section $.0.

The proposed SST utilizes takeoff and landing field
lengths that ate less than the target numbers desired
by the FAA Request for Proposal. At the design take-
off gross weight of 450,000 pounds, the FAA field
length requised is 9,730 feet operating from a sea
level runway at standard plus 15°C temperature con-
diticns. This takeofl runway length is realized using
a noise abated reduced power level, so that 112 padb
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noise levels are never exceeded at a distance around
the runway one mile from the runway centerline.
When noise conditions permit, maximum power can
be utilized to reduce the sbove takeoff field length
to 8,150 feet.

Landing distance at a normal landing weight of
254,600 pounds is 6700 feet on a wet runway. The
FAA dry ranway ficld length is 7050 feet at this oper-
ating weight. During approach, the ground noise level
one mile from the end of the runway is 112 pndb.
Touchdown speed is 134 knots.

Because of the high installed thrust to weight ratio
the SST casily meets all takeoff and landing climb
gradient requirements. Further discussion and more
detailed evaluation of airport performance character-
istics are presented in Section $.

The flying qualities of the SST are exceptionai. The
airplune demonstrates positive static stability margins
both fongitudinaily and directionally under all flight
condition.

Longitudinal control is excellent and sufficient control
power is avaiiable to bring the airplane to the takeoff
attitude well before the takeoff speed. No control
power degradation due to miss-trim or runaway trim
is incurred for anv practicable situaiion. Lateral and
directional control are sufficient to provide a minimum
engine out control speed of 123 knots as compared
with 2 landing approach speed of 138 knots and a
takeoff rotation speed of 147 knots. Sufficient margins
on control capability are available in all flight condi-
tions in conjunction with adequate control system
redundancy such that flight safety is retained even in
the event of a dual control system failure. The reli-
ability analysis indicates that a dual contcol system
failure on a single flight is estimated to occur once
in 30,000,00¢ flight hours.

The dynamic stability characteristics of the aircraft
without damping augmentation of any kind are such
that the aircraft is safely fiyable under all flight con-
ditions. A damper failuse, thetefore, should not result
in an sborted flight. A pitch damper and s yaw dampet
are desirable, however, to enhance passenger com-
fort and to minimize crew fatigue in cruise. A roll
damper may prove desirable to minimire the roll to
yaw ratio during the landing approach. F-104 ex-
perience indicates that a roll damper will enhance
rough weather operation although the dutch roll
e in the landing approach is inherently heavil
damped without damping sugmentation of any Iu'nc{

pege 1-9

CONFIDENTIAL




~—————— ..

~—

’Y

e n e e R P v e = et + i e et TR o et e < baa R e 4 = - e —————

CONFDENTIAL
50 ) 1 Y T
MAXIMUM PAYLOAD 45,875 LB ] [
\ \ CLUMAB DVERPRESSURE
b— 1.7 est
“0 \ 2.C PSF
\/ 2.5 PSF
[ ]
-d
g8
5 DESIGN
0 TAKEOFF WEIGHT \ \
& 450,000 LB
-l
>
: \
.
10 DESIGN
FUEL CAPACITY
ml,ooo L8 ,
o 4
0 400 800 1200 1600 200 2400 2600 3200 3600 4000
RANGE - NAUTICAL MILES
FIGURE 1-6 EFFECT OF CLIMD SONIC BOOM INTENSITY LIMIT ON RANGE-PAYLOAD CAPABILITY
L ] Y Y Y
MAXIMUM PAYLDAD 45,875 LB
0
(2]
2
2 DESIGN
0 TAKEOFF WEIGHT
§ 450,000 18—
2
«
z
. 20
W
)
z
s
10
DESIGN
FUEL CAPACITY
246,000 LB
0 } 1
0 400 %0 1200 1600 2000 2400 2800 3200 3600 4000
NAUTICAL MILES
FIGURE 1.7 RANGE-PATLOAD CAPABILITY AT MACH 0.91
LOCKHERED

GALIFPEMIA SONRANRY vol\m A-V ” 1"-0
i CONFIDENTIAL




[ CONFIDENTIAL

Operating speeds for take-off and landing have at  to 1.5 g's. AtV, climb out and at approach speeds the

! Jeast a 20 percent masgin over minimum flight speed. gust and mancuvering load factor masgins are more

L | This minimum speed is based on 2 maximum angle than double the levels realized by current jet aircraft.
ot atreck of 20 degrees and does not represent a

: physical stall speed. The lift characteristics above this Additional details regarding airplane handling quali-

| angle are linear and lift coefficients 40 to 50 percent ties ar¢ presented in Section 6.

' greater than at 20° angle of attack can be obtained.

This means that even at minimum flight speed it will Analysis of sonic boom and airport noise chauacte:-

be possible to achieve maneuver load factors of 1.4 istics are given in Section 7.
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SECTION 2

The proposed SST airplane culminates eight years of
configuration de. . lopment of the supersonic transport
concept, involving analysis of numerous designs em-
ploying many different wing planforms, tail positions,
forebody shapes, and engine arrangements. Promising
configurations resulting from these studies were eval-
uated in the wind tunnel using low and high-speed
models such as shown in Figure 2-1. During these
studies, it was apparent that the most successful SST
configuration must meet the following objectives and
incorporate aerodynamic design refinements that
would solve, or at least alleviate, these potential prob-
lem areas:

1. Achieve high aerodynamic efficiency (L/D)
without undue structural penalty in order to pro-
vide good flight performance.

2. Minimize the aerodynamic center shift to allevi-
ate the trim drag problem.

3. Provide weight and balance characteristics that
will minitnize sensitivity to off-loaded fuel and
paylcad.

4, Alleviate the sonic boom characteristics.

5. Provide satisfactory airport operation in terms
of field lengths, speeds, and noise.

6. Achieve the foregoing objectives without com-
promising the aircraft handling qualities.

tudies initiated in 1957 included evaluations of nu-
merous wing shapes and airplane configurations, as
shown in Figure 2-2. Analyses highlighted the sensi-
tivity of wing structural weight to the overail per-
formance capability and suggested the adoption of
the light structural weight trapezoidal wing, Frgu.e
2-3. Further development, however, i::diczicu that
the stability characteristics of this type of ccnfigura-
tion were not satisfactory.

These findings led to the canard-delta configuration,
Figure 2-4, which provided improved pitching mo-
ment characteristics and decreased aerodynamic cen-
ter shift. Using relatively thin sirfoil sections and
moderate wing loadings, this airplane became an at-
tractive design from the performance standpoint,

LOCKHNRED

INTRODUCTION

realizing high cruise lift-drag ratios with a structur-
ally efficient wing design.

Two unattractive features remained with this type of
configuration. Thin airfoil sections and moderate
wing loadings did not provide sufficient wing fuel
volume, necessitating storage of fuel in the aft fuse-
lage. As a result, the weight 2ad balance character.
istics were deficient, with L rge center-of gravity
travel caused by off-loaded fuel or payload. In addi-
tion, the sonic boom characteristics were aggravated
by the volume and lift shape parameters which could
not be adjusted to follow the ideal distributions. A
solution to the balance problem was achieved by em-
ploying an adjustable area canard which could shift
the airplane aerodynamic center position to follow
the shifts in center of gravity due to off-loaded fuel
or payload.

The folding canard-delta configuration was not con-
sidered to be the airplane that provided solutions to
all the problems. Sonic boom characteristics were far
from predicted lower-bound levels. The adjustable
area canard, together with a wing employing leading
and trailing edge flaps, represented undesired com-
plexity. The weight and balance problem was not
completely resolved, since off-loaded payload required
preselected seating arrangements.

Concurrent studies, represented by .he low-speed
model photo in Figure 2-5 were made. The inboard
sections of the wing were extended forward to form
a bat, resulting in a double-delta planform shape. The
increased wing root chords increased wing volume,
reduced structural wing weight because of increases
in beam depth, and improve the volume and lift
parameters related to sonic boom characteristics.
By increasing substantially the amount of fuel stored
in the wing, improvements in airplane balance were
realized.

Low-speed tunnel tests indicated that the stability
characteristics of this configuration were poor. The
destabilizing influences of both a canard and bat were
detrimental to longitudinal stability characteristics.

SALIP@ANIA COMPANY volume A-V page 2-1
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FOREBODY-CANOPY SHAPES

FIGURE 2-1 SST WIND TUNNEL MOUELS
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FIGURE 2-2 SST WING PLANFORM STUDIES
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FIGURE 2-4 CANARD-DELTA MODEL
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FIGURE 2-5 CANARL-DOUBLE DELTA MODEL
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The complex flow field generated by the mixing of
forebody, canard, bat, and wing vortices med
undesirable non-linearities to both longitudine! and
directional stability data.

Elimination of the canard surface alleviated these
problems. It was recognized that additional increases
in inboard wing chord lengths, so that the bat
extended forward on the fuselage forebody, would
improve the areodynamic behavior of the con-
figuration.

A systematic experimental investigation was con-
ducted to evalu>.e a series of wing and bat, or double-
delta planforms. Low and high-speed models with
wings of 30, 60 and 70 degrees of sweep, and bat
sizes having 80 and 83 degrees of leading edge sweep
were fabricated as shown in Figure 2-6. Pritnary em-
phasis was placed on evaluating the .potential of
achieving a planform shape having linear pitch char-
acteristics and small aerodynamic center shift due to
Mach number. Results are summarized in Figure 2-7.

Tests revealed that the 50 degree wing in combina-
tion with various bars did not give the desired lineur
stability characteristics. The 70 degree wing was tested
only at low speed. Studies were halted because the
low-speed lift curve slope was extremely low and the
high dihedral effect could be a potential problem
area. The 60 degree wing with an 80 degree bat pro-
vided the desited objectives.

Additional tunnel tests of this 80 —60 double-delta
wing indicated cubstantial aerodynamic improve-
ments in many areas. Because of the favorable area
progression distributions, transonic drag rise was re-
duced considerably. In addition, computed sonic boom
signatures were lowered. The vortex flow patterns
generated by the double delta provided favorable
sidewash flow at the vertical tail and produced high
directional stability levels at high airplane angles of
attack, at both low speed and high speed.

Low-speed lateral control power was not degraded
at approach angles of attack because boundary layer
growth was eliminated by vortex flow. Dibedral ef-
fect in cruise at Mach 3.0 and in low-speed approach
was low enough to permit damper inoperative
operzticn with satisfactory Jateral-directional flight
characteristics.

The improvements in structural design and wing
weight offered by the double-delts planform made it
possible to consider substantial increases in wing
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area. The larger wing provided gains in lift-drag
ratio, operation at higher cruise sltitudes so cruise
sonic boom over-pressutes are reduced and light wing
loadings for takeoff and landing, thus assuring
achievement of satisfactory airport performance
characteristics.

For these reasons, the 80 — 60 degree double-delta
planform was adopted. Two second series models
were constructed, Figure 2-8, and extensive tunnel
tests were made. The results from these tests form
the basis upon which the predicted performance and
stability characteristics presented in this report are
made. Resuits of the tunnel tests are included in
Section 4 of this report.

In suppct of the development of the SST, a sup-
plementary wind tunnel program was conducted to
evaluate canopy shape and drag penalties ot super-
sonic speeds. For these tests, larger scale forebody
models were utilized, as shown in Figure 2-9. Results
of these are summarized in Figure 2-10. This experi-
mental evaluation led to the decision that the only
satisfactory means for providing acceptable pilot visi-
Lility requires use of a movable geometry forebody.
To minimize the high-speed drag penalty with a fixed
forebody, the canopy shape must be compromised so
severely that low-speed approach visibility is unsatis-
factory, particularly with regard to minimum-weather
visual landings. Therefore, the weathet-vision nose
indicated in Figure 2-11 has been adopted.

As part of the SCAT study program, detailed evalua-
tions were made of other wing planform concepts.
The fixed and variable geometry arrow wing con-
cepts (SCATs 4 and 15) were found to have
excessive structural weight penalties that severely
compromised the high aerodynamic efficiency of
these designs. Results of the program indicated that
the variable-sweep configuration had more potential.

Continued study of the variable sweep airplane, since
the completion of the SCAT program, bas verified
that this concept represents a different approach to
the design problem, and leads to 2 totally different
kind of airplane. Reductions in wing area are needed
to relieve the weight penalty for variable geometry
and the result is an airplane having high wing load-
ings, elaborate high-lift devices, moderate super-
sonic lift-drag ratios, and lower cruise altitudes,
When compa .ed with the variable sweep wing plan-
form concept, the following advantages are offered by

the proposed fixed geometry airplane:
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FIGURE 2-6 DOUBLE DELTA WIND TUNNEL MODELS
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FIGURE 2.8 SECOND SERIES WIND TUNNEL MODELS
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FIGURE 2-9 FOREDODY WIND TUNNEL MODELS
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a. Lighter weights For these reasons, this proposal offers the fixed wing v

. concept supersonic transport. This configuration re-

b. Lower sonic booms flects a design evolution resulting from eight years

Simplicity of desi of study. Sigrificant milestones accomplished during

¢. Sumplicity of design these studies are illustrated by the series of model

photographs presented in Figure 2-12. The perform-

ance and handling qualities predicted for the SST are

presented in the following sections, together with a

complete presentation of substantiating wind tunnel
f. Lower costs data and data analysis.

U

l
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d. Simplicity of operation and maintenance

e. Less development risk
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SECTION 3 PHYSICAL CHARACTERISTICS AND FLIGHT CRITERIA (3.2)

This section of the report presents the basic geometric,
weight, flight criteria, and propulsion characteristics
of the SST which have been used during the evalua-
tion of the performance capabilities presented in Sec-
tion 5, and the stability characteristics presented in
Section 6.

3.1  AIRPLANE DISCRIPTION (3.2.3)

The SST is a four-engine fixed geometry transport
designed for cruise at Mach 3.0, employing a tailless
double-delts wing planforin. The wing is cambered
and twisted to provide high lift-drag ratio and
minimum trim drag. Engines are mounted in individ-
ual nacelles below the wing, and utilize two dimen-
sional vertical wedge external compression inlets. A
single vertical tail is mounted o:1 the aft end of the
fuselage.

Wing span is 116 feet and overall airplane length is
222 feet. Total wing area is 8,370 square feet, provid-
ing 2 maximum takeoff wing loading of 54 pcf.

Direct vision is achieved using a movable weather-
vision nose that provides acceptable visibiiity in super-
sonic cruise flight with good flight compartraent noise
characteristics, and no drag penalty. Extremely good
visibility in subsonic operation is achieved by lower-
ing the nose to axpose a conventional transport type
windshield.

A three-view drawing «f the SST is shown in Figure
1-1. An isometric view showing the landing gear and
nacelle installation is given in Figure 3-1. A summary
of the pertinent physical characteristics following the
requested FAA Request for Proposal tabulation is
given in Table 3-1.

3.1.1  PHYSICAL CHARACTERISTICS (3.2.6)

TABLE 3-1 TABULATED DATA

g
Span 116 ft.
Aiea (Total wing) 8370 sq. {t.
A..1 (Basic Delta, Reference) 7000 sq. ft.
Mean Aerodynamic Chord (Basic) 892 in.
Aspect Ratio (Total) 1.62
Aspect Ratio (Basic) 1.92
Taper Ratio (Total) 0356
Taper Ratio (Basic) 092
Root Chord (Total) 2185 in.
Root Cho:d (Basic) 1327 in.
Sweep Angle, Leading Edge 80,60 deg.
Sweep Angle, ¥4 Chord Line 76.2, 52.5 deg.

Dihedral Angle 0 deg.
Atrfoil Section, Root Pacabolic arc
Airfoil Section, B.L. 230 Parabolic arc
Airfoil Section, Tip Parabolic arc

Longitudinal, directiornal, and lateral control is pro- Airfoil Thickness Ratio, Root 027
vided by conventiorai trailing edge flaps. Four sepa- Airfoil Thickness Ratio, B.L. 230 030
rate wing control surfaces are arranged along the Airfoil Thickness Ratio, Tip 045
span; the three inboard elements function as eleva- Angle of incidence to FRL, Root 0deg.
tors; and ths three outboard segments ¢~rve as Asnvcle of Ircidence to FRL. B.L. 230 —1deg.
Zi[emns. Thg tip aijerog fu;hctcio:s oenlz;ow;:ih hg-riaf: Ang‘uc of Incidence to FRL Tip —1deg.
Qovin 3¢ subsonic speeds. [here af & LE. MAC (Basic) @ FS. 14335

evices.

: Vertical Tail

The powerplant adopted for the SST is the Pratt and N .
Whitney JT11F-4 ducted fan engine, having an un- Span (FRL to theoretical tip) . 3 ‘f“
installed sea level static thrust of 50,400 pounds. The Area (Total) 978 5q. ft.
airplane can, with minor modification, adopt either Area (Exposed) 741 sq. ft.
the Genera! Electric or Curtiss Wright powerplants. Mean Aerodynamic Chord (Total) 508 in.
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Mean Aerodynamic Chord (Exposed)

Aspect Ratio (Total)
Aspect Ratio (Exposed)
Taper Ratio (Total)

Taper Ratio (Exposed)
Sweep Angle, Leading Edge
Sweep Angle, ¥4 Chord Line
Airfoil Section

Airfoil Thickness Ratio, Root
Airfoil Thickness Ratio, Tip
LEE. Mac @ F.S. (Total)
L.E. Mac @ F.S. (Exposed)
1%

erp

Rudder, U pper
Span
Area
Mean Chord
Distance, FRL to Inboard End
Distance, FRL to Outboard End
Deflection Limits

Rudder, Center
Span
Area
Mean Chord
Distance, FRL to Inboard End
Distance, FRL to Outboard End
Deflection Limits

Rudder, Lower
Span
Area
Mean Chord
Distance, FRL to Inboard End
Distance, FRL to Outboard End
Deflection Limits

Flevator
Span
Area/Side
Mean Chord
Distance, FRL to Inboard End
Distance, FRL to Outboard End
Deflection Limits

Elevon, Inboard
Span
Area/Side
Mean Chord
Distance, FRL to Inboard End
Distance, FRL to Outboard End
Deflection Limits

LOCKHEND
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452 in.
.687

.638

.248

.282

62 deg.
55.2 deg.
Parabolic arc
030
035
2207 in.
2267 in.
0635

92 in.
67.5 sq. ft.
106 in.
223.5in.
315.5 in.
+25 deg

93 in.
92.5 sq. ft.
143 in.
130.5 in.
223.5 in.
+25 deg.

81.5 in.
99.5 sq. ft.
176 in.

49 in.
130.5 in.
+25 deg.

94 in.

105 sq. ft.

160 in.

62 in.

156 in.

—30, +25 deg.

88 in.

98 sq. ft.

160 in.

/ 240 in.

; 328 in.
—35, +25 Jeg.

volume A-V

Elevon, Outboard
Span 99 in.
Area/Side 72 sq. ft.
Mean Chord 109 in.
Distance, FRL to Inboard End 412 in.
Distance, FRL to Outboard End
(at ¢ hinge) 526 in.
Deflection Limits —35, +25 deg.
Aileron
Span 124 in
Area/Side 58 sq. ft.
Mean Chord 73 in.
Distance, FRL to Inboard End
(at ¢ hinge) 526 in.
Distance, FRL to Cuboard End 684 in.
Deflection Limits =+25 deg.
Wetted Area
Fuselage 6850 sq. ft.
Nacelles (4) 2680 sq. ft.
Wing 11910 sq. ft.
Vertical Tail 1482 sq. ft.

3.2 AIRFRAME AREA PROGRESSION CURVES
(3.2.6)

The area progression buildup for M=1.0 is pre-
sented in Figure 3-2. The components are shown sepa-
rately in Figure 3-3. Figure 3-4 presents the buildup
for M =13.0. The Mach 3.0 area progression repre-

. sents an average of the areas intercepted by the Mach

planes as they rotate about the Mach cone. Figure 3-5
shows the component average areas at M = 3.0.

Non-dimensionalized area progressions for sonic
boom computation are derived and presented in Sec-
tion 7 and are shown in Figure 7-5. The sonic boom
areas were formed by the Mach plane tangent to the
Mach cone at its lower intersection with the plane of
symmetry.

The area distributions a:> characteristics of smooth,
high fineness-ratio forebodies. The moderate fore-
body slopes are a direct result of the gradual axial
addition of wing area to fuselage area. The nacelle
area peaks aft of the wing-fuselage area peak, thus
avoiding an abrupt buildup to maximum area.

3.3 WEIGHT AND BALANCE CHARACTERISTICS
(3.2.6)

The SST has been designed for a maximum take-off

gross weight of 450,000 pounds. The passenger and

cargo compartment arrangements permit variations
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in payload capacity up to a space limited 43,875
pounds. Possible alternate interior and high density
scating arrangements are discussed in detzil in Vol.
ume A-lll. Design weights are summarized in Table

3-2.
TABLE 3-2 DESIGN GROSS WEIGHTS

Manufacturer's Weight

Empty, lbs. See Table 3-3 and 34
Maximum Ramp Weight, ibs. 433,000
Maximum Take-Off Weight, 1bs. 450,000
Maximum Landing Weight, ibs. 280,000
Maximum Zero Fuel Weight, ibs. 240,000
Operating Weight Empty, Ibs See Table 3-3 and 34
Maximum Fuel Capacity, U.S. Gals. 37,846

For performance analysis, the design range mission is
conducted with 30,000 pounds of payload. For this
loading disposition, operating weight empty is
189,880 pounds, and total fuel is 233,120 pounds.
Loading conditions are presented in Table 3-3. The
data of Table 3-4 shows the loading condition for a
192 passenger interior arrangement, designated alter-
nate one.

TABLE 3-3 125 PASSENGER LOADING CONDITION

Y ;./ Al

R "

TABLE 3.4 192 PASSENGER LOADING CONDIION
ALTERNAYE ONE

Manufacrurers Weight

Empty, lbs 182,778
Operating Equipment — Total, lbs 7,797
Crew and Crew Baggage, lbs 1,205
Passenger and Service Equip-
ment, Ibs 3,069
Overwater Equipment, ibs 1,303
Unusable Fuel and Qil, ibs 2,060
Usable Oil, lbs 160
Operating Weight Empty, lbs 190,757
Payload ~ Total, lbs 40,128
Passengers (192) and
Baggage, Ibs 40,128
Cargo, lbs -
Weight Less Fuel, Ibs 230,703
Fuel Resecve, lbs 36,000
Landing Weight, Ibs 266,703
Fuel Burned, Ibs 186,297
Ramp Weight, Ibs 453,000

Figure 3-6 presents the forward and aft center-of-
gravity limits established for the SST. Also indicated
is the operating range of actual center-of-gravity
positions obtained with various fue!l and payload
loadings. The circles shown on the figure represent
specific weight and center-of-gravity positicns which
have been investigated to establish handling quality

Manufacturers Weight characteristics.

Empty, 1bs 182,344 Airplane moments of inertia dats versus gross weight
Operating Equipment — Total, 1bs 7,536 S,L’:hownmm Figure 3'1;1.cr ¥ &

Crew and Crew Baggage, Ibs 1205 -

Passenger and Service Equip-

vt dbs 2833 3.4 [FLIGHT CRITIRIA (3.2.6)

QO-erwater Equipment, Ibs 1278

Unusable Fuel atd Qil, ibs 2060 34.1 DESIGN SPEEDS

Usable Qil, Ibs 160 Design cruise and dive speed-altitude variations are
Operating Weight Empty, Ibs 189,880 indicated in Figure 3-8, Considerations leading to the
Payload — Total, Ibs 30,000 adoption of these speeds are discussed in Volume

Passengers (123) and A-1V, Section 2.2, where it is shown that adequate

Baggage, Ibs 25000 margins over normal operating speeds are provided

Cargo, 1bs 00 to allow for system malfunctions and possible inad-
Weight less Fuel, Ibs 219880  vertentupsets.
T ¢l Reserve, Ibs 34,530 The operational speed-altitude variations to be fol-
Landing Weight, Ibs 294,410 lowed during a normal flight profile are also pre-
Fucl Burned. Ibs 198,900  sented in Figure 3-8. This schedule utilizes calibrated
Ramnp Wei *'“ Ibs 4”'600 airspeeds and constant Mach number where possible,

Lnp ewrn ! so the pil~* can readily follow the prescribed schedule.

roaunnan volume AV page 36
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In the transonic regime, a constant 2 psf sonic boom
profile is followed.

Design placard speeds for landing gear exiension and
lowering of the weather-vision nose are summarized
in Table 3-5. It should be noted that subsonic cruise
operation can be conducted with the weather-vision
r:ose lowered to the intermediate position. The main
landing gear can be lowered below Mach .90 to im-
prove emergency descent rates.

TABLE 3-5 DESIGN PLACARD SPEEDS

Landing Gear
Main Gear—Retraction 250 KEAS
—Extension 360 KEAS or
M=0.90
Nose (sear -~ Retraction
and Extension 250 KEAS

Weather Vision Nose
10° Position
15° Position

360 KEAS or M =0.90
250 KEAS or M =0.50

3.42 MANEUYVER LOAD FACTORS (3.2.6)

Design maneuver load factor diagrams are presented
in Figure 2.9, showing the variations in allowable
load factors as a function of speed and altitude.
Further discussion of these diagtams is presented in
Section 2.2 of Volume A-1V.

3.43 MINIMUM SPEED BOUNDARIES (3.2.6)

A stick shaker warning device is incorporated to limit
angle of attack to 20 degrees from M=0 to M=
0.3, then varying linearly to 10 degrees at M ==1.3,
and constant at 10 degrees above M =1.3. At low
speeds the shaker action initiates at 17 degrees with
maximum intensity at 20 degrees, and at high speeds
the initiation is at 8 degrees with maximum intensity
at 10 degrees. The effect of the shaker boundary on
the maneuvering load factor is presented on Figure
3-9.

LOCKHERD
CALIFHANIA CONPANY

volume A-V

Based on experience with low aspect ratio highly
swept wings, it is believed that no buffet boundary
limits will be imposed on the SST within the limits
shown in Figute 3-9. This capability provides added
flexibility in selecting cruise altitudes to alleviate
sonic boom, and freedom for the operator to select
transonic acceleration altitudes.

3.4.4 DESIGN MISSION PROFILE (3.2.6)

Flight load spectra and analysis are based on the five
flight profiles described in Figures 3-10 to 3-14. In-
cluded are short, medium, and long range supersonic
flight profiles, a short range subsonic mission, and
a check flight profile. Discussion of fatigue load
spectra and analysis for these profiles is given in
Paragraph 2.2 of Volume A-IV.

3.5 PROPRULSION CHARACTERISTICS

The candidate engine for powering the SST was
chosen after reviewing the offerings of all three
U.S. engine companies. Potential capability of each
engine was assessed in terms of performance, avail-
ability, schedule, cost and risk. Three candidate
engines were selected, the P&W JT11F-4, the G.E.
4/F6A, and the CW TJ70A-4 engines. From this list,
the Pratt & Whitney JTIIF-4 ducted tan powerplant
is presented as the basic engine, since it evolves from
an existing turbojet powerplant having five years of
development effort and shouc!d involve less risk and
better assurance with regard to schedules ird avail-
ability. Further discussion of engine characteristu s is
presented in Volume A-VI,

Characteristics of the )JT11F-4, GE 4/F6A and
TJ70A4 engines are summarized in Table 3-6.

Performance analysis presented in Section 5 is based
on the JT11F-4 powerplant. The performance charac-
teristics realized using the General Electric GE 4,F6A
and the Curtiss Wright TJ70A-1 eagines are shown
in Figure 1-2. Any of these engines can be utilized by
the GST with the more advanced versions offering
greater payload-range capability.

page 39
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TABLE 3-6 ENGINE CHARACTERISTICS

| i

,.‘_..”......uu:w;llll-l

Turbofans Turbojes
Pratt & Whitney G.E. Rrieht
JT11F-3/4 GE4/FGA Tj70A4
Thrust, Sea Level Static* 50,400 49,700 54,700
Weight, lb. 9355 ,/9605 837¢,/8620 7000
Thrust -
_Weight Mach 3.0 Design 5.2 5.8 7.8
Sea Level Static Airflow* Ibs/sec 64V 600 600
Mach = .0, Specific Fuel Consumption, 1.50
10,000 Ib Thrust, 75,000 £t Altitude 1.77 1.77 (max. cruise = 7800 lbs T)
Mach 1.2, Maximum Thrust
43,000 ft Altitude 18,200 19,800 17,800
Mach 0.9, Specific Fue! Consumption,
G700 Ib Thrust, 36,150 ft Altitude 1.06 1.00 97
Mach 0.5, Specific Fuel Consumption,
4750 Ib Thrust, 15,000 ft Altitude 1.23 1.18 1.18
Turbine-in Temperature °F (Cruise) 1900 2200 2200
*Uninstalled Values
LOCKHESD
CaLIPORNIA COMPANY Volumc A~V Page 3_16
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SECTION 4 AERODYNAMIC DATA (.2.6)

Substantiation and summaries of all basic aerodynamic
characteristics are presented in this section, including
descriptions of models and test facilities, results
obtained from wind tuanel tests, analysis and inter-
pretation of these wind tunnel tests, correlation with
other appropriate results, and extrapolation tech-
niques employed.

Also included in this section is a proposed wind tun-
nel schedule that will serve to continue the present
program and provide further substantiation and re-
finement of the SST airplane.

4.1 WIND TUNNEL MODELS

The proposed SST configuration incorporates several
aerodynamic refincments of the basic delta wing plan-
form saape that result in redvced drag ~-! improved
stability characteristics. This new wing reometry,
which can be described as a twisted and cambered
double-delta wing, was developed as a result of ex-
tensive wind tunnel tests as discussed in Section 2.
Performance and handling qualities for the SST are
based primarily on these wind tunnel data. The final
low-speed and high-speed models shown in Fig-
ure 4-1 closely simulate the final airplane configura-
tion, and data fr. ~ these models form the principal
bas‘s for evaluating the basic aerodynamic data.

Low-speed data were obtained in a continuous, closed
circiit 8 foot x 12 foot subsonic tunnel, using a 1/30
scale fork-mounted model. Flow conditions for most
tests were at 180 miles per hour (80 psf dynamic
pressure) giving an operating Reynolds number of
11 x 10" based on body length. Six component data
were recorded, and tufts and oil-lamp black were used
to assist in flow visualization studies. Low-speed
teste provided static stability derivatives and control
effectiveness. The drag due to lift characteristics at
subsonic speeds are determined from the results of
subsonic tests in the Rye Canyon facility. This facility,
which operates subsonically at Reynolds numbers of
31 million based nn fuselage leng*h or 14 million
based on exposed wing MAC is preferable fer this

LOCKHEXD
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purposc 10 the 8 feor x 12 foot tunnel, which oper-
ates at Reynolds rnumbers approximately one third
as large. All low-speed airplane configirations were
tested, including effects of landing gear extension,
weather-vision nose position, and presence of the
ground. Pitch data were examined beyond the maxi-
mum proj osed airplane flight attitude for all con-
figuration+. A total of 313 pitch and yaw runs were
conducted using the final low-speed model.

High-speed wind tunnel data were conducted in the
Rye Canyon Research facility, using the 4 foot x 4
foot blow-down tunnel. Complete model data were
obtained from Mach numbers of .40 to .70 and 1.5
to 3.6 using the supersonic test section, and from .90
to 1.2 using the porous wall transonic test section.
Variations in operating pressure permitted test Rey-
nolds number variations from 20 X 10° to 85 X 10°
based on body length. The model employed for final
aerodynamic testing was 1/60 scale, sting mounted,
and fabricated of aluminum and steel.

For both the lcw and high-speed models, the air
passage duct through the nacelles was rectanguiar
over the nacelle length, to facilitate internai drag
measurement and heip maintain full-flow duct oper-
ation. Aerodynamic coefficients for both the low-speed
and high-speed model data are based on the reference
area shown in Figure 4-2. All aerodynamic analyses
in this report are also based on this reference area.

In the presentation of the wind tunnel data, there aie
figures indicating the effects of changes in airplane
geometry such as landing gear extension, control sur-
face deflection, or adjustment of the weather-vision
nose. In some instances, the model tests were con-
ducted before some of the details of the final airplane
configuration were selected and the effects are evalu-
ated on intermediate model configurations. These
tests were used to obtain the incremental changes
due to gear or nose position, and the increments were
applied as corrections to the final model geometry
data. Since no large model configuration changes
were ever adopted, this procedure is considered to
be valid.

page 4-1
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4.2 DRAG ESTIMATION

The drag cstimation for the SST is based on wind
tunnel test data obtained in the Rye Canyon high-
speed test facility from scale models of the SST con-
figuration. Theoretival methods and NASA test infor-
mation arc used to correlate the measured data and to
permit extrapoiation to full-scale fhght conditions.
This section presents the wind tuanel test information
and provides the required substartiation of the drag
data used in the calculation of the 8ST performance
characteristics.

421 WING-BODY DRAG

Typical drag polars for the wing body coafiguration
of the SST are shown for a range of Mach numbers
between 0.73 and 3.0 in Figures 4-3 through 4-8.
These data were obtained in the Rye Canyon high-
speed test facility on a 1760th scale model at a fixed
Reynolds number of 10 miltion per foot. This is
equivalent to a Reynolds number of 31 million based
on the actual length of the model {uselage. The maxi-
mui: lift-to-drag ratios measured under these condi-
tinr  are indicated on Figures ¢ 3 through 4-8 and
range from 11.5 at Mach 0.91 to 7.9 at Mach ..0.

In order to apply the wing-body data to the drag esti-
mation of the 88T, it is necessary to be able to sep-
arate the wing and body efiects on a rational basis.
Since the method of model construction did not
permit the testing of the body alone, the body effects
are separated by analytical techniques. The incans for
substantiation of the analytical methods 1s afforded
by a series of tests of forebodv shapes. No question
of afterbody drag arises in the analysis of cither the
wing-body data or the forebody data, since in cach
case the afterbody was cylindrical and the base drag
was removed eaperimentally.

The fore-body drag data are presented in Figure 4-9
for hinencss ratio 6.0 and 7.5 Sears Haack nose shapes
tested at Mach numbers between 0.7 and 3.0 at Rey-
nolds numbers equivalent to 57 million based on the
fuselage length. Figure 4-9 indicates that simple
theuretical methods provide an accurate estimation
of total forebody drag both at subsonic speeds and
throughout the supersonic speed range. The forebody
pressure drag at supersonic speeds is estimated from
the relation,

o = 4.7
Dy T I
LOCKHEED
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where:
C,,' = pressuie drag coethcient bised on [rontal area

2> tarchody length

ek ady diameter

This relatiop is derived from the Lnearized theory
for parabolic arc nose shapes and pf‘du ts the pressure
drag to be independent af Mach nunbet. At transonic
specds a pcak pressure Ln.l{ .App.o\lmdtd) b{(] per-
cent higher than the supersonic level s usuall)
cbtaired as is indicated in Frguie 4-9. The skin frc
tion drag is éstimated by the Somawer and Short 77
method as descabed in Reference 4-1 for smonth flat
plates increased by 10 pereent w0 accound for the thia-
ning of the houndary layer on the fhrcc dimensional
nose shape The total drap estimated by this proce-
dure is seen to be in very ciose ageeement with tin
test data in the Mach range for which the daia are
avatlable. [t is of intuiest to note that the maximum
departure of the test data from the estimate, 0.002
Cor corresponds to a value of drag ceeflicient based
on wing area of only approximately 0.0001 for the
SST. The fact that the estimation procedure s
successful for bodies of dif-erent fineness rat:o which,
in addition, aave different ratios of surface aiza
frontal arca indicates that the separate estimates of
friction drag and pressure dras: are reliable. These
methods are used to separate the wing and body
effects in the zero-lift wing-body drag data presented
in Figure 4-12.

All availuble zero-lift wing-body drag data from the
SST model test progeam are plotted in Figure 4-12 as
a function of Mach number on 2 large scale. These
data are taken from drag polars as typified by Figures
4-3 through 4-8. The same Mach range is encom-
passed and the number of re-run and check points
are indicated. The resolution of the tunnel data
appears to be very good with departures from the
mean fairing of less than 0.0002 drag coefhcient
based on the reference wing area of 7,000 square feet.
All data presented in Figure 4-12 we.e obtained at a
Reynolds number of 10 mullion per foot or 31 million
based on tae model fuselage length.

The turbulent skin friction drag for the wing-body
combination which is shown in Figure 4-12 is esti-
mated by the Sommer and Short 77 method of Refer
ence 4-1 with an assumed recovery factor of 0.9. In
the casc of the fuselage, the flat plate drag coethcient
from Reference 4-1 is increased by 10 percent to allow
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ViING-BODY WIND-TUNNEL

FIG!xD 4.3
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for the thinning of the boundary layer in three
dimensional Aow. That the flow is fully turbulent at
the test Reynolds aumbers is demonstrated by the
typical data in Figure 4-13 shown for M= 2.6 and
M =130. No evidence of typical transition charac-
teristics 1s indicated at Reynolds numbe  of 30 mil-
lion ur above corresponding to the Reynolds number
range of Figure 4-12.

The difference between the measured total drag and
the friction drag is plotted on the lower part of Fig-
ure 4-12 as the wing and fusclage pressuié-drag. The
fuselage forebody pressure drag is estimated for the
8.9 fineness ratio nose shape of the SST model by the
procedure outlined previously. The pressure drag of
the exposed wing is obtained by subtracting the fore-
body pressure drag from the total pressure drag of
the wing-body combination.

The mean thickness ratio of the exposed model wing
is defined by a strip integration in the following man-

ner:
T
! ! :d
(), [ @
ar Fuge.

side

Exposed Plan Area

For the wind tunnel model wing, this average thick-
ness ratio is found to be equal to 0.0244.

The SST wing is cambered and twisted similar to the
model wing, but incorporates parabolic arc sections
rather than the hexagonal and diamond sections used
on the inboard extend=d chord bat are aerodynami-
cally equivalent for both applications. The outer panel
which incorporates a parabolic arc section represents
52 percent of the exposed wing area. The wing pres-
sure drag is adjusted for aitfoil section type in pro-
portion to the magnitude of the two-dimensional
section-shape parameter and the area affected. That
is, the model-wing data are rnultiplied by the factor
48(1.0) -+ .52 (5.33/4.16) = 1.147. The SST wing
thickness ratios vary from 2.7 percent at the center-
line, to 3.0 percent at the crank, to 4.5 percent at the
tip and the physical thickness varies linearly from
station to station. The average thickness ratio of the
expused wing. computed as described previously is
3.03 percent. The model-wing pressure drag is in-
creased by an additional factor equal to the square
of the ratio of the thickness ratios or (3.032.44)* =

LOCKHMERD
CALIFORMIA COMPANY

volume AV

1.545. The total adjustment factor is then the product
of the shape factor and the thickness factor or
1.147 X 1.545 = 1.78. This adjustment is made in
Figure 4-14 which shows the vanation with Mach
number of the SST wing pressure drag based on
exposed plan area. The use of exposed area is neces-
sary in this case, since the nacelles of the SST blanket
a large part of the wing and the net exposed drag-
producing area is less relatively for the SST than for
the wind-tunnel model without nacelles.

4.2.2 VERTICAL TAIL PRESSURE DRAG

No attempt was made to obtain a measurement of
the pressure drag of the vertical tail during the wind
tunnel progiam, since tbe magnitude of the drag
increment is of the same order as the resolution
capability of the wind tunnel. It is felt that analytical
estimates of pressure drag are in this case more
meaningful. The thickness ratio of the vertical tail
varies from 3.0 percent at the root to 3.5 percent at
the tip and has an average value of 3.12 percent. The
pressure drag of the vertical tail is assumed to be
the same as that for the wing on the basis of exposed
area.

4.23 FUSELAGE PRESSURE DRAG

The SST fuselage has the double-bubble shape
sketched in Figure 4-15. For the purpose of drag
estimation, it is necessary to know how the fuselage
contours are developed. For the upper bubble. the
forebody shape is generated from a Sears Haack pro-
file of 8.5 length to diameter ratio and 148 inch max-
imum diameter joined to the 132 inch diameter
cylindrical fuselage. The aftertbody shape is generated
similarly from an 8.0 length to diameter ratio Sears
Haack profile with a maximum diameter of 148
inches. The lower bubble is essentially one-half of a
complete closed Sears Haack body with an effective
diameter of 10.37 feet and a hneness ratio of 21.7
based on total fuselage length. For the actual SST
fuselage, the basic afterbody shape is shortened by
5 feet and refaired. For the purpose of diag estima-
tion, this shortening is not considered either in the
wave drag or the friction drag, since the net effect of
this change to the rear of the fusclage is very small.

The pressure drag of the forebody and afterbody of

the upper bubble is -omputed from the relation
Lo, =4.7/F discussed under Section 4.2.1. The
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proper area, S, is 119.3 square feet corresponding
to the tull 148 inch basic diameter from which the
shapes are developed. The drag is computed only
for the exposed periphery of the upper bubble. The
drag of the afterbody is cunsidered to be equal to
the drag of a forebody of idertical shape in keeping
with the well-known reversibility theorem. Since the
afterbody is separated from the forebody by almost
100 feet, the effect of forebody interference on the
afterbody drag is considered to be negligible. The
avuilable afterbody drag data from References 4-2
and 4-3 are assembled in Figures 4-10 and 4-11 and
indicate that this method of estimating afterbody
drag is conservative. The pressure drag coefficient of
the upper bubbie based on the wing reference area is

found to be:

47 S, 4
Per T Fr 2000 360

or
I\* 1\? 119.3  240°
C"l'/z = 4.7 [(F) + (‘l-(\> ] x {

—— O ——— =
7000 360° 00039

For a symmetric, closed Sears Haack body the expres-

sion for pressure drag based on frontal area is

107
Cu,,”z = TF:

The pressure drag of the lower bubble is computed
for tae lower half of a closed Sears Haack shape in-
cluding forebody interference as follows:

107 844
(21.7): " 7000

ra| o~

Cupg

The total fuselage pressure drag coefficient based on
the wing reference area is then equal to .00053, or
when based on fuselage frontal area is equal to .032.
This value is plotted in Figure 4-16 as a function of
Mach number. The fuselage drag is essentially con-
stant throughout the supersonic speed range of the
SST, but as shown in Figure 4-16 is expected to peak
at transonic speeds to a value approximately 30 per-
cent greater than the supersonic level,

424 NACELLE PRESSURE DRAG

The pressure drag of all four nacelles based on the
wing reference area is shown as a function of Mach
number in Figure 4-17 and is developed analytically.
The drag of the cow! lips is determined by the method

LOCKHERD
SALIPORANIA QORPANY
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of characteristics throughout the Mach number range.
The drag of the slightly curved nacelle mid-body and
afterbody is determined by means of two-dimensional
lincarized theory to avoid the lengthy characteristics
analysis and is expected to be conscrvative. The pres-
surc drag of the nacelle is due prncipally to the cow!
lips. For example, at Mach 3.0, the cowl lip drag
coefficient is equal to 0.00033 and only 0.00017 is
attributed to the rest of the nacelle.

Venication of the estimated nacelle pressure drag at
high supersonic speeds is provided in Figure 4-17.
The drag of the wing and buly combination, with all
four nacelles instalied, is compared with the drag of
the wing and body alone taken (1om Figure 4.12. The
additional friction drag due to the nacelle installa-
tion including the external drag, internal drag, and
the decrease in wing drag due to blanketing s esti-
mated as shown. To this drag is added the estimated
base drag due the total of 1 square inch model scale
nacelle base area. The base drag is determined from
Figure 16-11 of Reference 4-4. The sum of these two
drag items is s2en to constitute the total nacelle drag
increment at subsonic speeds. At Mach 2.6 and 3.0
subtraction of this sum from the total drag is seen
to leave a residual pressure drag of approximately
0.0005. Tkis pressure drag is compared with the esti-
mated data in the lower part of Figure 4-17. Nacelle
drag was also determined in the wind-tunnel at Mach
numbers of 1.2 and 1.5 but are not presented, since
the mass flow ratios indicated that the flow was
cheked with excessive spillage.

4.2.5 BOUNDARY LAYER DIVERTER FRESSURE
DRAG

The pressure drag of the boundary layer diverters is
based on the experimental data reported in Reference
4-5 for an included wedge angle of 16 degrees. The
pressure drag coefficient based on the diverter wedge
frontal area is shown as a function of Mach number
in Figure 4-18. The low values of diverter pressure
drag shown in Figure 4-18 are the result of ti.e ability
to incorporate in the nacelle design a diverter with
relatively small wedge angles as compared with the
included wedge angles of as much as 40 degrees
wuich it is sometimes necessary to employ. It is note-
worthy that Reference 4-5 shows that the diverter
pressute drag coefficient is considerably less than
would be expected on the basis of computed two-
dimensional pressure coefficients.

prge 412

CONFIDENTIAL

d

“Wmm.mmmdﬂlu;

GEE G e S b b bed  beind el el B hd




LrS

CONFIDENTIAL

.08
BASED ON FUSELAGE
FRONTAL AREA
C
D " L o
™ PR o N
Q
0 .4 .8 1.2 1.6 2.0 2.4 2.8
MACH NUMBER
FIGURE 4-16 FUSELAGE PRESSURE DRAG
NACELLE DRAG MEASUREMENT
0125 tAEASURED FOR v i
’ | —————WING BODY NACELLE i
FRICTION )
AND BASE DRAG | FEICTION
f i AND BASE DRAG
‘OOEGFEz 1 )
T = -
. MEASUIRED FOR "~-...,,,i
¢ = WING ¢« BCDY
Dy . ] '
2 €57, ADDEC FRICTION /_ NACELLE FRICTION AIND | Lt gACELLE
. (INTERNAL & EXTERNAL)V\‘ - BASE DRAG INCREMENT PRESSUTE
/ — DRAG
] *
o~ — |
R e ) _—— =7 ~ = e
W Z e oTeateo sast oreg T~ '1 ——— bkl a1
] ! )
Eh 4 ) 1.2 1.4 2.0 2.4 2.8 3.2
MAaCH NUMBER
55T NACELLE PRESSURE DRAG
- 0012 T PRESSURE DRAG FROM. Asovif’yiﬁ;y
BASED ON WING l [ /ﬂ
I REFERENCE APEA L —e
P2 (4 - N-CELLES) ESTIMATED NACELLE PRESSURE DRAG
] H - t
%0 ] .6 1.2 1.6 2.0 2.4 2.8 3.2
MACH NUMBER
FIGURE 4-17 NACELLE PRESSURE DRAG
LOCKHERD

CALIPORNIA COMPANY

volume A-V page 4-13

CONFIDENTIAL

3.2

[,




pr——— ———— T YT

CONFIDENTIAL

.08 l
BASED ON THE DIVERTER ——
WEDGE FRONTAL AREA
04} /
Cp,
0
0 4 ] 1.2 1.6 2.0 2.4 2.8 3.2
MACH NUMBER
FIGURE 4.18 BOUNDARY LAYER DIVERTER PRESSURE DRAG
.0020
BASED ON WING
REFERENCE AREA
,/T’\ ) i )
AcC 0010 / ™~ SPILLAGE + BY-PASS
0o 00" SPILLAGE I
BY-PASS \
—L-l-\ ~——
0 /]
0 A 8 1.2 1.6 2.0 2.4 2.8 3.2
MACH NUMBER
FIGURE 4-19 ENGINE AIR-INDUCTION SYSTEM DRAG
LOCKHEED

SALIPOREIA aOERARY

volume A-V page 4-14

CONFIDENTIAL

toey Py RSN G

i

[ )

-8 snm—y
PR

Fitetmontie 4
o e p

Lo @
e

G Ul Emal Sl e )

o




CONFIDENTIAL

4.2.6 ENGINE AIR-INDUCTION SYSTEM DRAG

The incremental zero-lift drag arising in the engine
air induction system due to sptllage and by-pass ef-
fects is presented in Figure 4-19 as a function of
Mach number. The method of calculation and the
substantiation of these results are discussed fully in
the Propulsion Report, Volume A-VI

4.2.6.1 Drag Due to Air Condilioning Air

Air for cabin air conditioning and ventilation is taken
aboard at the rate of 150 pounds per minute. The
drag due to the momentum of this air is measurable
at high speeds. For example the associated drag is
225 pounds at Mach 3.0. This air, however, passes
theough a heat exchanger before leaving the cabin
and the added energy makes possible a partial recov-
ery when the air is ejected from the airplane in the
stream dizection. It is estimated that the net drag at
Mach 3015 90 p?unds corresponding to a pressure
drag crefhicier:c nf 0.06003, which is included in the
drag estimate. At lower Mach numbers this drag item
is negligible.

4.7 SKIN FRICTION DRAG

The skin friction drag of the SST 1s found by sum-
ming the individual skin fiiction drags of the various
aircraft components as a function of Mach number
and altitude with consideration of the particular
Reynolds number of each individual component. The
Sommer and Shor: T’ method is used as described in
Reference 4-1 which shows that this method more
closely correlates the available experimental data
than any of the other methods investigated. In the
application of the Sommer and Short T’ method to
the SST, a recovery factor of 0.9 is assumed for the
calculatiors. The average flat plate skin friction co-
efficients determined in this way are shown as a func-
ticn of Reynolds number and Mach number in
Figure 4-20.

The results in Figure 4-20 are used directly in calcu-
lating the average skin friction coefhicients for the
wing, tail, nacelles, and boundary iayer diverters.
Reference 4-5 shows that the skin friction drag coefh-
cients of diverters such as are used in the SST design
are readily predictable by compressible flat plate
theory. In the case of the fuselage, the computed Hat
plate friction coefficients are increased by 10 percent
to account for the increased friction effect due to the

SocHNaRD

volume A-V

thinning of the Loundary layer on the forebody in
axisymmetric flow. The characteristic lengths used
for the computation of Reynolds number are: for the
wing and tail, the mean aerodynamic chord of the
exposed panels; for the fuselage, the basic length of
225 feet; for the nacelles, the distance from the cowl
lip to the jet exit; and for the boundary layer divert-
ers, the total run of the diverter air which cotres  ads
to the local wing chord length at the nacelle station.

4.28 DRAG DUE TO LIFT

The drag due to lift factor is determined from an
analysis of the wind tunnel drag polars such as shown
in Figures 4-3 through 4-8, and s plotted as a func-
tion of Mach number in Figure 4-21. The present
tunnel data indicate that the drag due to lift factor
is maintained at a level of 0.30 from subsonic speeds
up to a Mach nnmber of 1.2 and increases thercafter
with Mach number reaching a value of 0.65 at a
Mach number of 3.0.

During the tunnel program, attention was given to
the study of twist and camber, leading edge shape,
and planform shape in order to effect a reduction in
drag due to lift simultaneously with a positive shift
in zero-lift pitching moment to reduce the trim drag
to a negligible value. Considerable progress has been
made toward both of these goals. The trim drag has
been held to very low values as will be discussed ir a
later section. Considerable progress has been inade
toward the realization of low supersonic drag due to
lift values.

Figure 4-21 shows that the theoretical drag duc to
lift of a 60 degree delta planform which at Mach 3.0
has a valuc of aC,,/C,* —= 0.707 which corresponds to
/4. The double-d=lta planform of the SST which
incorporates a 60 degree clipped delta main wing and
a highly-swept forwa:d-delta or bat attains a drag
due to lift factor at Mach 3.0 as low as 0.65. The
minimum drag due to lift achievable theoreticaily
through the choice of the proper camber and twist
distribution appears to correspond to a value of
AC,/C,* equal to /4 when referred to the total
planform. This would indicate that a drag due to
lift factor of 0.596 is attainable theoretically for the
SST planform. An analytical and experimental ap-
proach will be applied during the Phase 1I program
to the aftainment of this goal. It is anticipated that
the value of aC,/C,* at Mach 3.0 .1 be reduced at
least to 0.61 through continued tailoring of nose
shape and camber and twist distributions.
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Attention is also ditected to the possikilities {or drag
due to lift improvement at subsonic speeds. Theoreti-
cal studies have shown (hat, for highly-swept low-
aspect ratio planforms, the spanwise lift distribution
at all chordwise stations is elliptical. This leads to the
conclusion that minimum drag due w §Lift facors
corresponding to 1/7AR are theoretically possible
even for highly-swept low-aspect ratio wings if suffi-
cient attention 1s given to the shape of the leading
edge so the theoretical flow conditions can be realized.
On the other hand, complete attention to the re-
quirements of leading edge shape and the use of
untwisted or uncambered highly swept deltas, for ex-
ample, invariably results in the complete loss of lcad-
ing edge suction. In this case, the resultant force on
the wing is normal to the chord plane and the drag due
to lift factor aC,,/C,* is found . be equal to 1/C,

or 2/=AR. Thesc two extreme conditions of sub-
sonic drag due to Mift are illustrated in Figure 4-21.
The present wind tunnel data is seen to lie half way in
between these extremes. It 1s evident that there is
still the possibility of considerable further reduction
n drag due to lift in this speed range also. It is
anticipated that a further teduction of at least 10
percent in subsonic drag due to lift can be accom-
plished during the Phase 1I effort.

The drag due to lift which is expected to be achieved
at the end of Phase Il is indicated on Figure 4-21.
This varnation in drag due to lift is used for all
of the performance analysis in this report except
where current status results are clzacly indicated.

42,9 LONGITUDINAL TRIM DRAG

The wind tunnel model elevator effectiveness data
are used to derive a longitudinal trim drag factor in
terms of the square of the elevator deflection required
for trim. The change in drag due to elevator deflec-
s measured at a constant lift coefficient, so the
ole-of ~ ~ck increase required with up elevator

M comitant increase in wing drag is taken
nt as well as the basic change in parasite
dro . .- to surface deflection. The available data

are plotted as a function of Mach number in Figure
4-22 These values are expected to yield conservative
drag estimates, since the wind tunnel model was
rigid, whereas the SST wing is flexibie and will twist
as a function of elevator deflection in such a wzy as
to partially compensate for the effect of elevator
deflection on the required trimmed angle of attack

LOCKMIZLD
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The variation of the elevator angle required for trim
and the resultant trim drag increment are shown as a
function of Mach number in Figure 4-23 for both
forward and aft center-of-gravity positions. The aft
position corresponds to the condition existing during
climb and transonic acceleration fullowing a take-off
at the design weight of 450,000 pounds.

4.2.10 COMPLETE AIRPLANE DRAG

The drag of the complete airplanc is built up from
the drag of the component parts which are discussed
in detail in the preceding sections; and the method
of calculation is illustiated in Tables 4-1 through
4-5 for the key scuments of the basic design flicht
profile. The diag due to lift factors, which aze
quoted, correspond to those expected to be achicved
at the end of Phase I1.

TABLE 4-1 MACH .5 DRAG AT 15,000 FEET

Friction Drag: RN = 2.31 X 10° per foot

S, L RN
9. ft ﬂ. x 10°® Cy Cnl
\Vlng 11910 825 190 .00183 .00311
Fuselage 6850 225 520 .00188 .00184
Vertical 1482 37.1 856 .00210 .00044
Nacelles 2680 480 111 00198 .00076
Diverters 612 09.0 159 .00189 .00U16
Total 23,534 00631
(C)n = 00188
Total Drag:
L
C, = .00631 (-) =1212
Yo D NiX
ac, . ) B
Tiz 270 kC;)(""D’HAX— .1530

A comparison of the present drag status with that of
the Phase 11 SST is presented in Table 4-6 for the key
fight segments. It is noted that the same zero-lift drag
and trim drag are assumed in both cases. Potential
improvements achievable by wing-body blending to
reduce wetted area, for example, are under investiga-
tion. The present status drag due to lift is that which
hus been demonstrated by wind tunnel model tests
of the SST. The Phase I SST drag due to lift repre-
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TABLE 4-2 MACH .9 DRAG AT 30,000 FEET

Friction Drag: RN = 2.57 X 10* per foot

S L RN
3q. 1. fro x10* C; Co,
Wing 11910 825 212 .00172 Q0292
Fuselage 6850 225 578 00167 .00154
Vertical 1482 37.1 95.2  .0Ci92 003l
Nacelles 2680 48.0 123 .0018¢ 00971
Diverters 612 690 177  .0017¢ 009106
Total 23,534 00584
(Cp)ay = 00174
Total Drag:
L
Cp,. = .00584 (—) = 12.60
Y D MAX
Ac, - - _
= =20 (C)irory,, = 1470

sents the improvement which is anticipated as the
result of further aerod.1amic refinement during the
Phase Il program as is discussed in Patagraph 4.2 8.

Tl - incremental gains in (L/D),,, which are
expected, are 0.60 at subsonic speeds and 0.25 at
Mach 30 These increments are included in the per-
formance analysis of the SST presented in this
volume.

The zero-lift drag and total drag existing along the
flight path during the climb and acceleration to
cruise alticude following take -off at the design weight
are illustrated in Figure 4-24 for the airplane at the
end of Phase 1I. The maximum lift-to-drag ratios at
points along this flight path are illustrated in Figure
4-25 for the present status airplane as well as for the
Phase 11 SST. The variation of trimmed drag coeffici-
ent with Mach number and lift coefacient is pre-
sented in Figures 4-26 through 4-32 for the range of
altitudes and speeds applicable to the operation of
the SST. The effect of variations in cente:-of-gravity
position on the trimmed drag coefficient is indicated.
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TABLE 4-3 MACH 1.2 DRAG AT 43,000 FEEY

Pressure Drag:

ST
3q. ft. Coq Copg
Wing $970  .00470  .00400
Fuselage 118.2 0340 .00057
Vertical 741 .00470 00050
Nacelles 154 00062
Diverters 11.3 .002 .00000
Spillage & By-pass 00133
Air. Cond. Air Drag 00000
Total .00704
Friction Drag: RN = 1.99 X 10" per foot
S L RN
sq. 1. fr.  x10° < Cuy
\‘('ing 11910 82,5 164 00171 .00291
Fuselage 6850 225 448 .00164 .00160
Vertical 1482 371 736 .00192 .00041
Nacells, 2680 480 959 .00187 .00072
Dive:ters 6'2 690 137 00176 .0001S
Total 23,534 10579
(C,)ay = 00172
Trim Drag: (ACp) .,y = -0001C
Total Drag:
C 012953 <L> 8.3
Lp = 01293 - =8.31
Da D NAX
AC[' — _
o= 280 (€0 iy, = 2150
4.211 EFFECT OF WEATHER-VISION NOSE

In the preceding sections, no consideration is given
to possible effects of lowering the weather-vision
nose during subscnic flight. Figure 4-32 shows th. :
the 10 degree down position, which is the maximum
used for any condition other than the final landing
approach, has no noticeable effect on the subsonic
drag characteristics within the normal operating lift
coefficient range of the SST. These data were ob-
tained in the low-speed wind tunnel and include the
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TABLE 4-4 MACH 2.0 DRAG AT 51,000 FEET

TABLE 4-5 MACH 3.0 DRAG AT 75,000 FEET

Pressure Drag. Pressure Drag:
A ST
1q. [t Ly Copy 5q. ft. Coy Copy
Wing 5970 00339 00286 Wing 5970 .00182 00155
Fuselage 118.2 0320 00054 Fuselage 118.2 0320 .00054
Vertical 741 00333 00035 Vertical 741 00185 .00020
Nacelles 154 .00060 Nacelles 154 .00050
Diverters 113 0660 .00011 Diverters 11.3 .0660 .00011
Spillage & By-pass 00111 Spillage & By-pass 00018
Air Cond. Air Drag 00000 Air Cond. Air Drag 00003
Total .00557 Total .00311
Friction Drag: RN = 2.26 X 10" per foot Friction Drag: RN = 1.06 X 10" per foot
S L RN 1Y) L RN
5q. 1. e X 10" C, Cuy 3q. ft. [IR x 10 C, Cuy

Wing 11910 825 186 .00141 .00240

Fusclagc 0850 225 508 .00135 00132

Veitical 1482 37.1 838 .00158 .00033

Nacelles 2680 48.0 108 00152 .000958

Diverters 612 690 156 00144 .00013

Total 23,934 .00476
(Cr) v = 00142

\Ving 11910 825 875 .00122 .00208

Fuselage 6850 225 239 .00116 .00114

Vertical 1482 37.1 39.3 .0014C .00030

Nacelles 2680 48.0 509 .00133 .00051

Diverters 612 (9.0 731 .00127 .00011

Total 23,534 .00414
(C)ay = 00124

Trim Drag:  (3Cy),,,, = 00007 Trim Drag:  (aCp),,, = 00002
Total Drag: Total Drag:
L L
C,,' = 01040 (_) = 7.56 C,)p = .00727 (B) = 613
’ D MAX MAX
AC, ) D . AC, _
?‘_ = .32 \C"'l""‘"u‘u - 1575 —C—I— = 7.5 { L’ib/D)."x 1084

effect of the subsonic windshield which is exposed
when the weather-vision nose is lowered as illustrated
by wind tunnel model photographs in Figure 4-34.

4.212 ASYMMETRIC TRIM DRAG

The incremental drag resulting from inoperative
engines, including the associated drag resulting from
the trim requirements, is illustrated in Figure 4-35
as a function of Mach number and altitude.

4.213 TAKE-OFF AND LANDING DRAG POLARS

Drag polars corresponding to the take-off and land-
ing configurations are shown in Figure 4-36 for both

LOCKHEERD
CALIPORNMIA COMPANY

volume A-V

at the ground and away from the ground conditions.
The drag of the extended landing gear is included
and the specific points corresponding to the ground
attitude and to the important specific points along
the take-off and landing flight paths are indicated.
Figure 4-37 shows a photograph of the wind-tunnel
model with extended landing gear.

4.3 STATIC LONGITUDINAL STABILITY

Static longitudinal stability considerations are pri-
marily involved with aerodynamic center shift due to
lift coefhcient and Mach number, and zero L ft pitch-
ing moments. During the development of the SST,
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TABLE 4-6 TOTAL AIRPLANE DKAG AT KEY POINTS

(Present Status vs. Phase 11 $ST )

Present Phase Il
Status SST
Altitude ACs (’_) AC. . ( L )
Mach (1) Cog + (ACn)rp % D/ua CL D/war
5 15000 00631 .300 11.50 270 12.10
9 30000 00584 300 12.00 270 12.60
1.2 43000 01293 310 7.90 280 8.31
2.0 51000 01040 442 7.38 420 7.56
3.0 75000 00727 650 7.25 .613 7.50

emphasis was civon to these characteristics, so both
trim drag and stability levels about the operating
cenier-of -gravity  locations would be  satisfactory
throughout the flight regime for all operating weights.
The use of the double-delta planform shape and wing
camber and twist was found to provide the means
needed to meet these requirements.

Low speed longitudinal <haracteristics are presented
in Figure 4-38. As shown, the low-speed aerodynamic
center position can be adjusted by making slight
changes to the double-delta wing geometry. By means
of a slot opening in the bat, or by incorporating a
chordwise extension of the wing tip, such as shown in
Figures 4.39 and 4.40, the aerodynamic center position
for the higher operating C,, range can be shifted four
to ive percent, This citect can be attributed to changes
in the vortex flow behavior. As can be seen n Figure
4.38, the lift and moment characteristics are strongly
affected by vortex flow beyond an angle of attack of
approxin  ly 6 degrees, and slight changes to the
wing planform can exert a significant influence on
tie flow pattern over the wing.

Flow separation near the leading edge is experienced
on the thin outboard delta wing panel because the
vortex flow field induces high upwash ahead of the
leading edge. The presence of local flow separation
suggests that Reynolds number may influence the flow
characteristics. High Reynolds numbers tests on other
wing planform shapes, which have experienced simi-
lar vortex flow, have indicated an aft aerodynamic
cenler shift with increasing Reynolds number. Un-

LOCKHERD
CALiPORWIA COMPARY

volume A-V

fortunately, these tests are not directly applicable to
the double-delta planform, and are not quantitative
enough to permit an evaluation of Reynolds number
effect.

A low speed acrodynamic center position at 29.5 pet-
cent MAC has been adopted. Continued evaluation of
the low-speed longitudinal characteristics are to be
conducted during Phase 1I developmert to more
clearly establish the relationships between planform
shape, Reynolds number, and aerodynamic center
position.

The low-speed lift curve slope data of Figure 4-38
indicaies that the SST wing does not experience a
stalled flow in the normal sense, and, therefore, does
not define a minimum stall speed. A minimum speed
correspond. ng to an angle of attack of 20 degrees has
been selected for the SST. This method of establishing
a fictitious stall speed will allow defining take-off and
landing speeds as percents above minimum usable
speed. For the definition selected, take-off and landing
speeds for the SST will be 1.20 or greater than the
minimum speed cnrresponding to 20 degrees angle
of attack.

The SST wing planform experiences a large increase
in lift due to ground effect, as shown in Figure 4-41.
Comparison of these data with large scale delta wir.d
tunrel results of Reference 4-6 is shown in Figure
4-42. It is seen that the addition of the bat amplifies
the ground effect since it behaves as a lower aspect
ratio wing.
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The ground effect lit - increment will help to reduce
rate of descent near to ichdown, and provide an auto-
matic flare effect that vill benefit landing character-
istics. This characteristic has been observed on several
current aircraft that expetience similar large ground
effects. Figures -§.43 and 4-44 show that the exten-
sion of the landing gear and dropping of the weather-
vision nose do not affect the longitudinal stability
characteristics. Subscnic and transonic longitudinal
stability data are presented in Figure 4-45; similar
data at supersonic Mach numbers are presented in
Figure 4-46.

All the above data are presented for the cambered
and twisted wing shape. One bencht derived from
this type of wing can be seen from an inspection of
the zero lift pitching moment shown in Figures 4-45
and 4-46. The moment is positive throughout the
Mach range and is, therefore, a factor that minimizes
trim drag. The effect of wing twist on the zero-lift
moment at Mach 3 0 is shown in Figure 4-47, where
the twisted wing is compared with data obtained
from an untwisted wing of the same planform. An.
other factor affecti-p C_, is forebody shape, as shown
in Figure 4-48, which illustrates one adverse effect
created by adoption of an external canopy.

Figure 4-49 presents Mach 3 data showing the
changes in lift and moment characteristics caused by
reducing the mass flow through the left outboard
engine to zero.

Longitudinal control effectiveness data are presented
in Figure 4-50 for low-speed conditions in and out
of ground effect. Control effectiveness is greatly in-
creased because of the presence of the ground.

High speed elevator control effectiveness data is given
in Figures 4-51 and 4-52. These data were obtained
from the first series model tests, but the flap area/
wing area ratio 15 of similar geometry. To adapt these
data to the airplane configuration, control power was
assumed to be proportional to flap/wing area. Tran-
sonic elevator effectiveness is estimated on the basis
of the foregoing low speed and superson«c data and
cotrelation with data measured on a delta wing plan-
form presented in Reference 4-3. The correlated and
estimated SST transonic effectiveness is given in
Figure 4-33.
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4.4 LATERAL-DIRECTIONAL CHARACTERISTICS

Since airplane handling qualities are largely depend-
ent upon realizing satisfactory static stability charac-
teristics, vxtensive wind tunnel tests were conducted
to obtain experimental data that would permit devel-
opment of a configuration having acceptable stability
levels. Lateral-directional considerations involve static
directional stability at high angles of attack aad high
speed, dihedral effect in the approach and cruise
regime, and rudder and aileron control power. Wind
tunnel tests have been conducted to evaluate these
stability parameters. The results are given below to
substantiate: the stability derivative data used in esti-
mating the handling quality characteristics given in
Section 6.

Final vertical tail geometry for the SST was 1..adified
slightly from that used for the wind tunnel models,
and the wind tunnel stability data must be adjusted
for tail volume coefhicient differences. The corrections
required are small, since the changes in tail volume
are as follows:

Low Speed Model Tail Volume Coefficient
-=.0625%

High Speed Model Tail Volume Coefhicient
=:.0720

SST Tail Volume Coeflicient = .0635

Speciic wind tunnel data results presented in this
section are as obtained using the model size vertical
tail. In the stability summary, Section 4.7, the stability
levels corrected to the airplane tail sizes are shown.

Low-speed directional stability characteristics are
presented in Figure 4-54, showing thee ffects of angle
of attack. The favorable tail sidewash effects created
by the double-delta planiorm at the higher angles of
attack are apparent. No loss in directional stability
due to ground effect is indicated by the data in Figure
4-55. As shown in Figures 4-56 and 4-57, the exten-
sion of the landing gear and lowering of the weather-
vision nose have no significant influence on the direc-
tional characteristics. The yawing moment produced
by an inoperative outboard engine is indicated in Fig-
ure 4-58 fP;r zeco and —35° degrees of sideslip, where
the nacelle was plugged to reduce the mass flow to
zero.

Stability levels at transonic and supersonic Mach num-
bers are presented in Figures 4-59 to 4-62. The reduc-
tion in stability due to increasing angle of attack is
small.
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Figure 4-63 summarizes the effects of a ventral
mounted below the aft fuselage for Mach 3 condi-
tions. Results indicated that a small favorable con-
tribution was realized from the ventral with nacelles
removed. However, 2 similar contribution was real-
ized from the addition of the nacelles, regardless of
whether the ventral was on or off. An interference
flow field from the nacelles cancels out the ventral
stability increment. Therefore, the ventral has not
been incorporated on the SST.

The effects of reducing the mass flow of an outbor
engine to zero are presented in Figure 4-64 for M.
3 conditions. Also shown is the predicted increment
in yawing moment, based on data of Reference 4-7.
This simulation of an engine fzilure is far mote
severe than will be encountered in actual SST opera-
tion for reasons discussed in Section 6. However, even
under these extreme conditions, the steady state rud-
der angle required for zero sideslip angle is estimated
to be only 6 degrees at the cruise attitude.

Low-speed wind tunnel data showing lateral char-
acteristics are presented in Figures 4-65 and 4-66
showing effects of angle of attack and ground effect.
The effects of gear extension and weather-vision nose
position are shown to have insignificant effects in
Fiqures 4-67 and 4-68.

A simulation of a low-speed engine failure situation
1s presented in Figure 4-69, showing that the incre-
mental rolling moment caused by zero mass flow
through an outboard duct is small.

Supersonic lateral characteristics are presented in Fig-
ures 4-70 and 4-71, showing effects of Mach number
and angle of attack. Rolling moments produced by a
plugged outboard engine nacelle at Mach 3.0 are
shown in Figure 4-72. The estimated increment based
on data of Reference 4-7 is also shown.

Low-speed directional control power characteristics
are presented in Figure 4-73 for various angles of
attack. The effect of partial span rudder deflection
is given in Figure 4-74. Figute 475 preseats super-
sonic rudder effectiveness data.

The effect of angle of attack on low-speed lateral
control power is shown in Figure 4-76. There is no
loss in aileron effectiveness at high angles. The effect
of sideslip on aileron effectiveness is presented in
Figure 4-77. The relative lateral control power of in-

LOCKNHMERD

SALIPOANIA DOBEARY

volume A-V

board, mid-span, and outboard ailerons at low speed
is compared in Figure 4.78. These data indicate that
the inboard controls have very poor latetal control
power. For this reason, this inboard control is used
only as an elevator.

Supersonic lateral control effectiveness, shown ia Fig-
ures 4-79 and 4-80 were obtained on the first series
high speed model. The aileron geometry was sitailar
to the proposed airplane, and the data are considered
to be directly applicable.

4.3 HINGE MOMENT CHARACTERISTICS

Control surface hinge moments coefficients were de-
termined using the USAF Stability and Control Meth-
ods Handbook for low speed and at Mach 3.0. The
variation with Mach number was estirzated using the
experimental trends indicated in the referenced
NASA reports. Figure 4-81 presents the data for the
elevator, elevon, and rudder surfaces.

4.6 ROTARY STABILITY DERIVATIVE
CHARACTERISTICS

Three general types of data or information were used
in obtaining rotary stability derivatives for the SST.
The most applicable source of data was taken from
forced oscillation tests of geometrically similar mod-
els such as found in References 6-13 and 6-14. Data
for the primary damping derivatives such as Cap Gy,
and C, were obtained from these sources. When

required, these data were corrected for wing and tail
planform and fuselage shape. In the absence of com-
plete speed or configuration data from the first type
of information, References 6-18 through 6-21 and
6-23 were used as a second type to obtain character-
1stic trends with speed, shape or angle of attack. This
type of data was required on nearly all rotary deriva-
tives. The third general form of information was
obtained from theoretical or empirical methods as
found in References 6-6, 6-15, 6-16 and 6-22. These
sources were used to correlate the test data and ex-
tend test results in speed and angle of attack. This
latter form of information was required for estimat-
ing the “cross-derivatives” such as C, and C, . Com-
binations of all sources were used whenever possiblc

to develop the rigid rotary stability characteristics
which are presented in Figures 4-82 to 4-84.
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4.7 SUMMARY OF BASIC AERODYNAMIC
DATA

Lift and drag characteristics used for performance
analysis, and stability and control derivatives used for
handling quality evaluations are summarized in this
section. These data are derived from the wind tunnel
results previously prerented but include corrections
for Reynolds number and small geometry differences
between model and airplane. These summary data
also incorporate the predictea aerodynamic improve-
ments that will be achieved at the end of the Phase 11
study program. Drag characteristics are presented in
Figure 4-85, giving the variation of zero lift drag, C,, ,
drag due to lift, AC,/C,?, and lift-drag ratio, L/D,
with Mach number. These values reflect full-scale
estinates, with all drag penalties for propulsion, trim
and miscellaneous items included. The data clearly
indicated a low transonic drag rise increment and high
maximum lift-drag ratios which are a result of the
cambered and twisted double-delta wing planform
shape. Trimmed drag polar curves are presented in
Figure 4-86 for typical subsonic, transonic and super-
sonic cruise Mach numbers. The low-speed drag
polar presented in Figure 4-87 is applicable for all low
speed flight regimes, since the SST does not employ
either leading or trailing edge high-lift devices. In-
crements in drag for landing gear extension and in-
operative engine operation are noted on Figure 4-87.

Basic static longitudinal stability parameters are sum-
marized in Figures 4-88 to 4-90. Figure 4-90 presents
the nigid wing aerddynamic center shift and positive
zero lift pitching moment characteristics for scveral
C, ranges. The effects of flexibility on acrodynamic
center, discussed in Section 6, are illustratsd to: one g
flight along the flight profile in Figure 401 Rigid
wing longitudinal control effectivenes: is sunur.arized
in Figure 4-92. The effects of flexibility for any par-
ticular flight condition are considered separately and
are discussed in Section 6.

Rigid wing lateral-directional characteristics as a func-
tion of Mach number are presented in Figure 4-93.
The relatively high directional stability at high
airplane attitudes can be attributed to favorable side-
wash created by the bat. Rudder control effectiveness
and lateral control power characteristics are summar-
ized in Figures 4-94 and 4-95. Effects of flexibility
are considered in Section 6.

LLOCKHEJZD
CALIPOANIA COMPANY

volume A-V

4.2 WIND TUNNEL PROGRAM (3.2.8)

The speed-altitude spectrum of the SST is new to
commercial aviation and there is little background of
military experience from which to diaw knowledge.
Therefore, it will be necessary to lean heavily on
laboratory testing to provide simulation of the SST
flight envitonment. The proposed wind tunnel pro-
gram has been conceived with the belief that the  ugh
testing is mandatory to assure an optimum uesign
for this new flight vegime. 1t is preliminary in nature
and will finally be established following consultation
with FAA personnel,

Both contractor and NASA tunnel facilities will be
utilized to support the program. Initial develop-
mental type testing will be carried out in the con-
tractor's wind tunnels. Multi-purpose models will be
utilized where advisable. As noted in the Master Pro-
gram Plaa, most models will be tested several times
during the program.

The aerodynamic concept features a relatively new
type of wing planform shapc which has not yet re-
ceived extensive theoretical and experimental study
by indusiry and government facilities. From the
analyses and wind tunnel evaluations conducted to
date, significant aerodynamic improvements have
been achieved in many key arcas, potential improve-
ments have been indicated i others, and «till other
areas of potential improvement remain unexplored.
The proposed program continues this developmental
type testing to assure an cptimum final cenfiguration.

The wind tunnc! test plan is outlincd belavw. A corre-
sponding test schedule has been coordinated with the
Master Program Plan presented in Volume M-I. This
wind tunnel schedule is presented for reterence in
Figure 4-96. The testing will support essentially all
of the technical activities. In particular, the vital areas
of aerodynamic configuration development, airloads
and temperature distribution, engine inlet and ex-
haust system development, and flight dynamics will
utilize the wind tunnel tests.

A close liaison with NASA personnel will be main-
tzined throughout the program. This is considered
especially important during the initial phases of the
wotk. NASA's experience with the SST flight regime
through many years of wind tunnel testing and the
X-15 flight program will be utilized in developing the
model configurat’ons and planning the tests.
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4.8.1 AERODYNAMIC CONFIGURATION
DEVELOPMENT TESTS

The aerodynamic configuration will be optimized
through a senies of wind tunnel tests covering the
complete  Mach number range of the airplane.
Several models will be involved. Tests will include
low speed tests in and out of ground effect and at
angles of attack from —10 ¢ 4 40 degrees. Basic
measurements will include lift, drag, and the static
stability and control derivatives. The low spead tests
will include evluation of various devices to improve
take-off and landing performance and low speed dight
characteristics. These tests will be conducted in the
Lockheed 8x 12 ft. low speed wind tunnel. The
model wil! be designed to permit evaluation of com-
ponent effects in classic model buildup studies. Items
wiii include nacelles, fuselage afterbody and vertical
tail.

Configuration development at high Mach number
will be carried out in the Rye Canyon 4 ft. supersonic
wind tunnel. Mach number will range from high
subsonic through transonic to Mach 3.0. Mcasure-
ments will include lift, drag, and the static stability
and control derivatives. Elevon hinge moment meas-
uren ts may be included in these tests pending
further considecation. Development tests will be
carried out in the tunnel on the wing planform
arrangement, spanwise thickness distribution, span-
wise camber and twist distcibution, and chordwise
camber distribution. Smiliar tests of nacelle geometry
and location effects will also be carried out.

Severzl tunnel entries with these models will be in-
volved in the configuration development and the test
data will support the basic aerodynamic analysis. The
high Reynolds number capability of the supersonic
tunnel will perinit evaluation of the effects of Reyn-
olds number on certain critical aerodynamic parame-
ters such as drag due to lift as it is affected by leading
edge radius and camber.

A refined model of the final configuration, as devel-
oped from the above testing, will be built for the
NASA unitary tunne! complex. It will be of a rela-
tively large scale and constructed to allow completz
model buildup in the tunnel for evaluation of the
separate component effects. The final lift, drag and
static stability and control derivatives will be gener-
ated from these tests. The size of the model will per-
mit attention to small detail. Use of all three tunnels

LOCKHENRD
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of the unitary comnplex is anticipated for this model
in Phase 1L

Following development of the acrodynamic configu-
ration, a model will be constructed to permit measure-
ment of the dynamic stability decivatives. These tests
will be conducted in a NASA facility and will include
measurements of the darnping in pitch, yaw and roll,
and the rotary stability derivatives. Measurements
will be carried out over the design Mach number
range. A single rest series is anticipated for this model
i Phase I1.

4.8.2 AIRLOAD TESTS

Basic airloads will be determined through wind
tunnel tests of pressure distribution models. These
models will aiso incorporate strain gage supported
components where advisable to permit direct meas-
urement of loads. Such items will include landing
gear doors, the variable geometry forebody, and cer-
tain elemnents of the nacelle inlet ar-{ exhaust system.
Two models are anticipated for this work; a low
speed model designed for testing in the 8 x 12 ft. low
speed tunnel, and a high speed model designed for
tests in the Rye Canyon 4 ft. supersonic wind tunnel.
Two tunnel entries for each mode! are planned. The
first entry will be early in the program to permit pre-
liminary measurement of the loads, and the second
entry later in the program with the final configura-
tion. These tests are discussed further in Volume
A-1V, Paragraph 2.3.5.

4.8.3 RKEAT TRANSFER TESTS

Two heat transfer models are planned for tests in the
Rye Canyon 4 ft. supersonic wind tunnel. The first
model will be of small scale and will utilize the heat
sensitive paint technique to qualitatively establish
heat patterns. From this information regions of signi-
ficant flow interference and shock impingement will
be determined and utilized in the design of a quanti-
tative heat transfer model.

The quantitative model will be designed to evaluate
heat transfer rates over critical areas of the airframe.
The use of the insulated plug technique is planned.
Tests will be conducted over the upper Mach number
regime. A single tunnel entry for each of the heat
transfer models is anticipated. These tests are dis-
cussed further in Volume A-VII, Paragraph G 4.
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4.8.4 ENGINE INLET AND EXHAUST
DEVELOPMENT TESTS

Engine inlet configuration development testing will
be carsied out in the Rye Canyon 4 ft. supersonic wind
tunnel utilizing a model of the engine air intake sys-
tem, including the variable ramp and bypass systems.
The infet will be optimized by evaluating the effects
of subsonic diffuser geometry, bleed configuration,
diverter arrangement, and cowl lip angles. The model
will include, where appropriate, a segment of the
adjacent wing planform to assure a proper matching
of the inlet Alow ficld. Mach number for these tests
will range from high subsonic to Mach 3.0. Extensive
pressure distribution measurements will be taken over
the cowl lips, inlet ramp, and across the engine face.
Flow distortion at the engine face will be carefully
studied in these tests. Sufficient data will be taken to
permit design of the inlet control system. Several
tunnel entries ize anticipated for this nodel.

A large scale model of the final duct inlet conhgura-
tion is planned for tests in the NASA unitary tunnel
complex. The tests will be conducted over the signi-
ficant Mack number spectrum. The model will in-
clude a scaled operational version of the actual inlet
control system. The primary purpose of these tests
will be to measure inlet recovery characteristics and
flow distortion at the engine face, and to permit
evaluation of the inlet control system.

Small scale tunnel tests on b'eed and other acro-
dynamic subsystems are planned for the Lockheed
Propulsion Tunnel. Where significant, these tests may
be conducted at elevated stream stagnation tempera-
tures to provide thermodynamic simulation.

4.8.5 FLUTTER TESTS

Initial flutter testing will be carried out on a series of
simple semi-span solid aluminum models of the wing
planform to checl: the flutter aerodynamics used in
the initial Autter analysis. These models will have
provisions for simulating fixed mass items such as
engine nacelles. A simitar model of the vertical tail
will be tested. Tests will be conducted over a Mach
number range from 0.8 to 3.0 in the Lockheed 4 ft.
supersonic wind tunnel. Two or three tunnel entries
are planned for this model.

A complete airplane flutter model will be tested in
the 8x 12 ft. low speed tunnel. It will have appro-
priate mass, stiffness and dynamic pressure scaling
for high subsonic flight conditions of the full scale

LOCKHERD
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vehicle, but Mach effects will not be represented.
However, the relative simplicity of the subsonic model
and the ease with which it can be modified makes it
a very useful tool for experimental flutter analysis.
Two tunnel ¢ntries for this model are anticipated.

The initial flutter analysis performed on the carly
configurations will be checked by tests of a complete
dynamically similar model in a suitable NASA
facility. The model will be designed to provide simu-
lation of ali signicant modes of the wing, fuselage
and vertical tail. The model influence coefficient and
vibration characteristics will be determined prior to
the wind tunnel tests. Test conditions will cover the
total Mach number range. Flutter testing is discussed
further in Volume A-1V, Paragraph 3.2.

4.8.6 I(CING TESTS

The extreme sweep angle of the wing makes predic-
tion of ice accretion difhicult. Therefore, wing panel
wcing tests are planned. These tests will be carried out
in the Lewis Laboratory or the Lockheed icing
tunnels. The shape and degree of ice accumulation
during takeoff, descen., and loiter operations will be
evaluated from these tests. A single tunnel entry for
this model is anticipated. Aerodynamic testing to
determine the effects of ice buildup on the flight
characteristics will be carried out to complete the
evaluation.

Engine inlet tests similar to those noted above for
the wing will likewise be carried out in the Lewis or
Lockheed icing tunnel. Susceptibility of the engine
inlet to icing and the resulting effects on internal flow
will be studied, and the need for ice protection deter-
mined. A single tunnc! cntry is anticipated for this
work. These tests are discussed further in Volume A-
VI1I, Seciion 7.

4.8.7 SECONDARY SYSTEM TESTS

The need for testing various air intake and exhaust
configurations necessary for primary and secondary
subsystems has not yet been determined. However, it is
likely that some special testing will be needed in this
area. This is particularly true in those cases where
supersonic exhaust mvolving thrust recovery vill be
util:zed.

lce protection for the pressure pickups for the air data
system has not been determined. If analysis shows
tests to be necessary they may be carried out in the
Lockheea icing tunnel.
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SECTION 5 AIRPLANE PERFORMANCE (3.2.7)

5.1  INTRODUCTION

This section of Volume A-V presents operational
data on the SST f{or all phases of flight. Basic
payload-range information, including block speeds
and block fuels, are shown together with the effect
of such other operational factess as constant altitude
cruise, non-standard enroute temperatures, and wind.
In addition. the effect of variations in acceleration
sonic booni i=vels from the specified value of 2.0
pounds per square foot are shown. Subsonic operat-
ing information at various altitudes, and the capabil-
ities of the airplane under various emergencies
requiring completion of the flight at subsonic speeds,
are shown. Specifically, both single engine and
multiple engine failures are considered. In addition,
information is presented on climb performance,
cruise nautical miles per pound, normal and emer-
gency descent, and holding fuel consumption.

The body of operational data presented is that of the
supersonic transport as it will be at the end of Phase
11, when actual production orders would be taken.
Some elements of the performance basis of the air-
plane and the weight of both the airframe and eng'ne
are sumewhat better than can be completely substan-
tiated by wind tunnel and design analysis data at
this tuae.

In order that the differences in performance between
the current status of the SST «nd the developed status
at the end of Phase 1l be made perfectly clear, it is
pointed out that the improvements which are expected
by continued research and development during this
period are confined primarily to the cruise regimes.
The take-off and landing performance and the in-
operative engine climb performance presented in this
report are equally applicable to the current status and
the Phase II developed SST airplane.

The payioad-range capabilities of the current status
and the developed SST are shown in Figure 5-1. At
the design range of 3.470 nautical miles, the devel-
oped SST, at its design take-off gross weight of
450,000 pounds, has a payload capability of 30,000

LOCKNHERD

CALIPDANIA COBRANY

volume A-V

pounds as compared tu a payload of 10,000 pounds
for the current status airplane. The improvements in
range and payload capability indicated for the devel-
oped SST arc achieved on tne basis of improvements
that can be obtained by continued development in the
areas of aerodynamic drag, structural weight, equip-
ment weight, and engine specific fuel corsumptior
and weight. The expected improvements in these
areas are all modest, realistic values that do not re-
quire any significant extension of the present state-
of-the-art to accomplish. For example, the expected
improvement in supersonic L/D at Mach 3.0 is only
.25 and the improvement in subsonic L,/D is .60.
Further work on structural and equipment weights
is expected to yield a S percent improvement in
weight empty. In addition, due to the conservative
approach taken by the engine manufactarer in regard
to engine turbine operating temperatures and engine
weights, an improvement in cruise specific fuel con-
sumption in the order of 1.5 to 2.0 percent appears
feasibie and a weight improvement of 5 percent is
a possibility.

The airport performance capabilities of the SST,
which are substantially the same as those classified
as current status, are presented and discussed in detail
in Paragraph 5.8.

5.2 DESIGN FLIGHT PROFILE

The design flight profile and detailed flight segment
information is presented in Figure 5-2 for the design
range of 3470 nautical miles (4000 statute miles)
with 30,000 pounds of payload. The ramp weight is
453,000 pounds and 3000 pounds of fuel are con-
sumed during taxi and holding prior to take-off.

The noise abated take-off is conducted at a weight
of 450,000 pounds at a thrust setting corresponding
to 79 percent of the maximum available thrast which
is slightly greater than minimum duct heating value
and will limit the airport noise so that 112 Pndb is
never exceeded at any. point one mile from the
runway. The FAA take-off airport length required
at this power setting is 9750 feet for a standard
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RANGE - PAYLOAD
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1AACH 3.0 CRUISE 77300 FT

OP =717 psr

QP = 1.5 psr

—-——-

AIRPORT LENGTH
8150 T

/L\

3470 N. 1,

LANDING
AIRPORT LENGTI‘V\%
7050 FT

—_— ——
Initial Initigf o Segment Sexmens Segmens
Flighs Sepmeny W ocight Altitude '"""‘!I Pou.-n Fuel Time Distance
(Ls.) (F1) Mach No. Setting (Lb) (Hr) (N M)
_— T —_— <\_MN\\\ —_—
Taxi 455,000  Sea Level — Req'd 1,880 10 -
Ground 1d1e 451120 Seq Level - Idle 1,120 1s —
Take-Off 450,000 Sy Level — 79% Max. 2,660 02 —
Climb Qut 1o 2,500 Fr.
Altitude 4473490 Sea Level 27 79 Max 3100 02 —
Climb (1) 444,240 2,500 S5 MinDH 44 49
{2) 424,992 36,000 1065 Max DY 1,501 30 RER
Cruise 373491 69,985 30 Part. DH 112,750 1.9% 2,680
Decelerate 260,732 77,294 3.0 Min. DH 1,825 .08 125
Descend 298,907 77,294 2.22 Max. DRY 4.290 42 267
A o
Idle
Landing Weight 254617 Sea Level
Total 198,383 2.83 3,470
Keserves
260 N. M. Diversion 254,617 77,878 3.0 Part. DH 8,868 15 261
Lotter 245,749 15,000 49 DRY 11,568 30 -
7% X Block Fuel 234,181 — - — 14,097 - -
34,533
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FIGURE 5.2 DESIGN FLIGHT PROFILE
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+15°C day. This compares to a maximum thrust
FAA take-off distance of 8150 feet for the same
operating conditions.

The chimb-out is continued at the take-off thrust set-
ting to an altitude of 2500 fect. This *hrust setting
1s maintained during a brief acceleration at 2500 feet
to the operational climb speed of 360 knots calibrated
airspeed. This speed is maintained during the climb
up to 43,000 feet and Mach 1.2. Minimum duct heat
thrust is employed for climb below 30,000 feet and
maximum duct heat thrust is employed at all higher
altitudes.

At 43,000 feet and Mach 1.2 the condition for a sonic
boom overpressure of 2.0 psf at the ground is reached
and the airplane is accelerated with maximum thrust
along the 2.0 psf sonic boom line shown in Figure
3-8 to 550 knots CAS at an altitude of approximately
52,000 feet. The ciimb is continued at 550 knots CAS
and along the duct pressure limit line shown in Figure
3-8 to Mach 3.0 at cruise altitude. The initial cruise
altitude for maximum range operation is reached at
approximately 70,000 feet. A climbing cruise at Mach
3.0 is conducted with partial duct heat thrust to a
final cruise altitude of approximately 77,000 feet.
Sonic boom overpressures during cruise range from
1.5 pst at the initial altitude to 1.2 psf at the final
altitudes.

~A3 the desti SST is deceler-
ated at cruise altitude with minimum duct heat thrust
to a Mach number of approximately 2.2 correspond-

ing to atThtnatedauspeed of 330 knots. The descent
i1s then mitiated and is continued at 330 knots
CAS »4 ax thrust to I altitude of

%‘amhtcet at which point the thrust is reduced to
the flight idle setting and is maintained at this setting

at al! lower altitudes. Between 55,000 feet and

45,000 feet the descent speeq is rétuesd-slightly to
320 knors—CAS to Timit t%e boom overpressure to
175 psk. The fime required for the descent is approxi-

mately 24 nuautes, so that the cabin rate of descent
is less than 300 feet per minute.

The landing 1s accomplished at a weight of approxi-
mately 255,000 pounds including normal fuel re-
serves and the required FAA landing airport length
is 7050 feet. The reserve fuel for normal operation
is computed as 7 percent of the block fuel plus the
fuel required to continue the cruise an additional 260
nautical miles and hold for one-half hour at 15,000
feet altitude.

LOCKHEERD
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Additional details of the climb profile are illustrated
in Figure £-3 which shows that the changes in flight
path angle required to follow the operational ¢limb
and boom profiles are small and can easily be accom-
plished by the pilot without discomfort to the passen-
gers. During the initial part of the climb at the con-
stant speed of 360 knots CAS and constant power
sctting at munimum duct heat, the flight path angle
v.ries gradually from 7.6 degrees at Jow altitude to
1.8 degrees at 30,000 feet where the thrust is in-
creased to maximum duct heat and the fiight path
changes smoothly to 6.1 degiees. The part of the
climb path controlled by the sonic boom requirment
is reached at an altitude of 43,000 feet. At thus point
the flight path angle has reduced to 1.4 degrees and
continues to d crease as the 3ST follows the boom
path. It is 2n.cipated that this boom path can be
flown manually by maintaining constant rates of climb
and breaking the boom path into two straight line
segments.

At the end of the boom path corresponding to Mach
2.14 at 51,000 feet the climb path changes in order
to follow the operational climb speed of 550 knots
CAS and the flight path angle is increased by 1.5
degrees in a mild pull-up maneuver. The normal
acceleration forces experienced by the passengers can
be limited to approximately 0.05g if the 550 knot
CAS speed is anticipated by as little as 6 knots or
0.01 in Mach number. In this way the pull-up is
initiated early and the flight speeds remain slightly
less thar the 550 knot CAS design speed.

During the remaining climb to cruise altitude the
flight path angle decreases slowly from 1.7 degrees
to 1.1 degrees as shown in Figure 5-3. As the cruise
altitude is approached the thrust is reduced so that
the flight path approaches the horizontal. This round-
out maneuver can begin at 68,000 feet where the rate
of climb is 3300 feet per minute and 36 seconds are
available to ihe pilot before the initial cruise altitude
of 70,000 feet would have been reached. A gradual
reduction in thrust to the cruise setting coupled with
a mild push-over to an incremental normal accelera-
tion of less than 0.02 g will enable the SST to reach
cruise altitude without overshoot or discomfort to
the passengers. Sufficient time is available for the
pilot to adjust the altitude and thrust level manually.
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5.3 MACH 3.0 RANGE-PAYLOAD
CHARACTERISTICS

The range-payload characteristics of the SST for
Mach 3.0 cruise-climb operation are shown in Figure
5-4. At the design range of 3470 nautical miles a
payload capability of 30,000 pounds is realized which
corresponds to 125 passengers and baggage plus 5000
pounds of cargo. This flight is accomplished at a
block speed of 1240 knots including the assumption
of 15 minutes ground maneuver time, and the corre-
sponding block fuel is 198,383 pounds including 3000
pounds of fuel consumed prior to take-off. The maxi-
mum international payload of 45,875 pounds can be
carried to a range of 3020 nautical miles, and a ferry
range of 4000 nautical miles is available with approx-
imately 10,000 pounds of payload.

The effect on range and payload of operation at Mach
3.0 at constant zaltitudes rather than in the cruise-
climb mode is shown in Figure 5-5. A constant alti-
tude of 74,000 feet yields the greatest range for this
type of operation. With 30,000 pounds of payload
the available range is reduced approximately 40 miles
with respect to the cruise-climb mode of cperation.
For transcontinental flights with maximum payload,
a wide latitude is possible with no measurable effect
on the operating economics. A comparison of Figures
s-4 and 5-5 shows no disceraible change either in
block speed or block fuel for constant altitude oper-
ation as compared to cruise-climb operation.

The effect on the range-payload characteristics of
ambient temperatures above and bélow the standard
values is indicated in Figure 5-6. For the purpose
of illustration, a temperature variation of 10 degrees
centigrade above and below the standard temperature
is chosen and these temperatures are 2ssumed to
apply throughout the flight. Examination of weather
records shows that at the high altitudes, the tempera-
ture variation from standard will be less than 10
degrees centigrade over 99 percent of the time, sv
the probability of the occurrence of these extreme
temperatures throughout the entire flinht is very
remote. Temperature variations will be enccuntered
during the climb more frequently than darirg the
cruise. The effect of temperature variations encoun-
tered only during the climb phase on totz: range is
approximately 10 nautical miles per degree centi-
grade.
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Under actual operating practice, the scheduled range
can be maintiined regardless of the ambient air
temperature. The effect of temperature may be coni-
pensated for by the use of a small part of the normal
reserve fuel. The SST will fly the standard day range
values at temperatures 10 degrees centigrade above
standard by using only 7,050 pounds of the normal
reserve fuel which is only one-half of the 7 percent
of block fuel contingency reserve specified by the
FAA Request for Proposal. Use of the entire 7 per-
cent of the contingency reserve makes the hot day
range capability coincident with the cold day values
as shown in Figure 5-6.

The SST airframe and engine are designed structur-
ally for temperatures corresponding to operation at
Mach 3.0 on a standard day. For ambient tempera-
tures less than standard the maximum operational
speed remains at Mach 3.0. For ambient temperatures
greater than standard, however, the operational Mach
number is reduced to maintain the total temperature
at the design value. At 10 degrees centigrade above
standard, for example, the Mach number is reduced
to 2.9. Since the speed of sound increases with in-
creasing temperature the true airspeed is affected to
a less degree than the Mach number. Figure 5-6
shows that for temperatures 10 degrees centigrade
above standard during the entire flight, the block
speed is affected only slightly. For temperature vari-
ations occurring only during the climb phase the
effect on block speed is negligible.

The effect of wind on the Mach 3.0 range is shown
in Figure 5-7. An average headwind of 25 knots is
the maximum expected 80 percent of the time and
affects the range by 60 nautical miles.

The basic range-payload data presented thus far in-
cludes a climb schedule which prevents the sonic
boom overpressure from exceediny, 2.0 psf at ground
level. For flights originating at points for which the
sonic boom restriction need not be a consideration
an increase in maximum range is available. Figure
5-8 shows ihat an increase in payload of approxi-
mately 4000 lbs can be realized or an increase in
range of more than 100 nautical miles results when
the ground overpressure is limited to 2.5 psf rather
than to 2.0 psf. The corresponding increase in block
speed is 40 knots or more than three percent. The use
of climb schedules which limit the ground over-
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