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—€5F & single J101-GE-100 engine[(rated thrust of 14,295 1b).
Thie basic point-design layout wss made ‘at a size of 13,000
b, and design data were also genérated for a 10, 000-15 and
8 i6 ,800-1b version. This provided a T/W varfation of 1.43,
) L. 10, ang 0. 8%:1
\

(U) The results show thet no airplane size within the con-
stiaints of the design objectives ecun ba made to perform the
design mission whew using only one ©f these smell.eagilnes.
At the smaller sizes (10,000 and 13,000 1b) the basic prob-
lem is gimply insufficienr. fuel. AS the size 18 increased
to achieve higher fuel €ractions, the combat fiiel allowance
requirved- increases digproportionately because pf the re~
duced T/W. "Finally, dt about 18,500 Ib there is ihsuffi-
client thrust to perform the. aeceleration requirement -of the
wission., Technical data for this concept -are presented in

Section 4.
2.3 LARGE TWIN-ENCINE CONCEPT
(501A/31.01-GE-100)
=5 _The 501A aircraft (Concept.3) is a single-place, twin-

engine, fixed-wing deslgn: that utilizes .J101-GE-100 engines

.
somenyie ) at5d
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and-as many of the deslgn featuxres of the silngle-englne

concepts & possible that are consistent with good twin-

engine design (Figures 2.3-1 and 2,3-2). [The gross weight
of the inirial desigh is 19,000 ib. Grnwth data for final
sizing are also established by use of design gross weights
of 16,800, 22,000, and 24,000 lb, resulting in & T/W varia-
tion of 1.7 to 1.2 (rated thrust is 14,295 1b per enginez:‘

5y The alrecraft, when sized to perform theiiRASH (750
n.ml); requires a gross weight of 22,680 1b, resulting in a

IIW of 1.26. The LRASM requires two 450-381 external fuel
tanks for- the outbound portion of the misslon, The [SRASM.
capability (no external fual tanks) hag 2 radius of 244 n.mi.
The .ferry wission -capability when carrying a reasonzble
upper limit of external fuel (two 600-gal and one 150-gal
tdnks) fa only 7166 n.mi with tanks retained. Summary
misaion capabilities of the 22, 680-1b twin~engine airciaft-
are Lsbulated below. Déetailed desipn, pcrformance; aero-
dynamics, handling qualities, weight, and propulaion data
are pregented in Section 5] '
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CONFIGURATION 501A

£t

eGross weight. ... 22,680 lbs
WS . 50 psf
A

‘e Qverall fehgth . _—....~..52'-5"

‘e Span....., .o 35t

« Qverall height e aeo . 13'-5"

8- Figure 2.3-1 Twin-Engine 5014, Top and Side Views {U)
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al 5014 MISSION SUMMARY JARTE
, (22,600-1b A/P). st P
3 . [ ‘» . 3

BN T4
\-s”

Range Radfus 9.8 81,2  Accel. Time
Mission (n.mi) (n; mi! fdep/sec} (deg/sec) . ' (sec).
- LRASM - 750 9.5 6.9 51.4
: SRASK - M4 10,5 7.6 461
Ferty 2166 - - - -

_ S1lhouettes of tha 22,680-1b versién of 501A are super-
imposed on equal-seal outunas of the F-4 and MIG-21 air-
crafe {n Figuré 2.3-3 and 2.3<4 o show relative sizes.

2.4 0.4 TAPER.RATIO WING ON &401B

-5 The Concept 1 aircraft (the lirge single-engine 401B
concept) waa also designed with a@ont:ract-egeciﬂed wing
geometry: wing loading of 60 psf, dspéct ratio of 3.0, taper
ratio of 0.4, thickness/chord -ratio of & percent, fixed
leading-edge aweep of 35 degrees, straight lesding and trail-
ing edges, and masuaily selectable single-hinge leading-edge
high-1ift devices, This wing differs from the salected ui.ng
uaed on ‘the Concept 1, 2, and 3 designs in two respects:

- taper ratio of 0.4 versus 0.20, .and.squared-rather than
: rounded wing tips.]

< ra LE thel wing t/c 15 a constant 4 percert, the configura-

ticn when sized for a 16,800-1b airplane haa a dry-weight
penalty of 270 1b as cOmpered to the Concept 1 401B. This
is primarily due to taper:ratid. However, because of the
bigher taper ratio, :a tapered t/c can be ut{1ized ‘to mini~
mige the weight penalty; therefore, the wing was redefined
td have & tip t/c of 2,5 percent and an inbvard t/c (at
beginning -of thickeried wing root) of 4,84 peicent, which
regults in’ an exposed RMS t/c of 4.0 perceant. This change
redupes the dry-weight penalty from 270 1b to 119 JEEJ

—£8)- ‘Whien sized . to meet tn»ERASM. this airplane has a -gross
weight of 17,735 157 Summery misslon capabilities &t thial

: weight are tabulated below. Detailed technical deka are
; pregented in Section 6. :
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3-VIEW COMPARISON | A
AVFEX 501 Avs. F-4E )
. LEGEND
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46y Figure 2.3-3 Relative $ize Comparison, Twin-Engine
S01A vs F-4E (U)

4

o st an



et

2

3-VIEW COMPARISON
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~8)-Figure 2.3-4 Relative Size Comparison, Twin-Engine
501A vs MIG-21C (U)
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Mach 0.9/10,000 £t/1g]

B3

401B A=.b MISSION SUMMARY
(17,735<1b A/P).

Range- Radius 0M OM=1,2  Accel. Time

Missfon (n.ml) (n.md) (deg/ secz (deg/ses) _ -(sec) .

LRASM - 750

85th ABW/IP]
FOIA (b)(1)
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LRAS 9.2 8.0 " 38.6
SRASM - 244 10 8.7 35.2
Ferry 2478 - - - .

2.5 SUPERCRITICAL WING STUDY ON 4018

Effective utilization of the supercritical airfoil is

-attained anly. through proper selection of thé wing . planform.

Merely to replace the biconvex alrfoil with a supercritical
airfoil on the Concept 1 planfcrm is mot suffieient, For
example, a blunt-nosed airfotl on the Concept 1 planform 1s
expected to have high wave drag that can be considerably. re-
duced by increasing the wing sweep. 4lso, since the payoff
of a supercritical -eirfoil Is proportional to t/c, .8 alight-
ly- higher thickness of 6 percent was chdosen to provide a
useful supercritical payoff.

The planform selection was made rion-arbitwaty by per-
forwing -an-abbreviated parametric study. The planform para~

meters lnvestigated were wing sweep, wing loading, and

dspect. rdtio. The effects of weight as well as aerodynamics
were consldered. From a weight standpoint, the thicker wing
along with the elimination of leading-edge £laps provides a

weight savings that can be translated inta hi her sweep,
higher d@spect ratio; br lower wing loading. e bagig For
comparison in the planform study wag two representative
maneuverability parameters: maximum sustained Toad factor
between Mach 0.8 .and 1.2 4¢ 30,000 ft, and energy rete at

The results of the parametric study reveal that no
single planform will be best for all f£light conditions, and

the final selected planform must necessarily be a compromise.

Two planforms were selected for detalled analysis and mission

perforiance, one favoring sustzined turn rates and one favor=-
ing acceleration capabllity. oth hiave a leading<edge ‘sweep:
of ‘45 degrees, wing. loading. af 60 psE, and thickness/chord
ratio of 6 percent, The selected aspect ratios ware 3.0 and
3.75, based on span of the averdge tip chord (or aspect ratios
of 3.2 and 4,0 based on oveérall span where the tip is rounded
in-such a way as to hold conatant wing ﬂr%éi}

18
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The SRASM radius: Objective. was more critical than that

OF the LRASM and was therefore chosen &a r.he sdzing criteriod.

The higher-aspect-ratio wing requires .a gross welght of

"17,115 1b {coincidentally the same as the basic. 40IB). The
lower-aspegt-ratio wing requires a gross weight of 16,640 1b.
Summary mission capabllities are tabulated below,

401 $7C AR 3.75 MISSION SUMMARY
{17,115-1b &/p)

Range Radius . GH-.-B. 0!4-1 2 ° Acecal. Time
Misston (n.ml) {n.mi) (dep/sec) (deg/sec) . (sec)
LRASH - 7% 11.0 7.6 62.6
SRASH - 225 1L.7 8.3 57.2
Fefr_)'v 3252 - - - -

401 S/¢ AR 3.0 MISSION SUMMARY
(16,640-1b A/R) .

) R_ange Radius eb_{é 8 GM"I 2  Accel. ‘ri._m,e_i

Mission (m.mi) _(_ mi) (deg/sec) (depfsec) _ _(sec)
LRAGM - 767. 10.6 7.5 55.:8
SRASM ~ 225 11.4 8.2 51.1
Ferry 3571 - - - -

—5— The general conclusions Erom these data are that super-

cw
<A

critical airioils; when used on fixed-wing supersonic afr--
planes, can be utilized to provide approximately 10~percent
higher Mach 0,8 sustained turn rates but at: the expense of
reduced supersonic capability (10-percent lotier Mach 1.2
sustained turn rate, and 70~percent. or 25-gecond higher
acteleratiod time from Mach 0.9 to. 1.5), However, for
spaeds cloger to the critical region, such :as Mach 0.9, the
sustafned turn rate advantage becomes larger (13 percent
over the Concept 1), and significant improvements in buffet
lim{ts are attained .in the critical teglon, A& side payoff
of thé supereritical wing designs is greatly improved ferry
range. A eide penalty of the supercriticdl wing designs is
greatly reduced maximum speeds (fromMach 2.2 to 1.8}, De-
talled design date and performance, handling qualitfes, and
welght data for the -supereritical wing study ave presented

: in -Section 7. [

19
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.equal acceleration capability and equal mission radius).
[Firplene sustained turn rates at Mach 0.8 ‘can be increased

~ Through additional configurstion shaping and develop-
ment of thin-wing supercritical’design, it is believed that
the supersonic penalties can be reduced. Such studies were
not. possible within the scope of this study,

-

2.6 COMPOSITE MATERIAL STUDY ON 401B

A matrix of wing design variables wére evaluated to
determine whegher the wedght reductions -attained through thé

use of composite materials should be used for increased
aspeet ratio, reduced wing loading, reduced aircraft size
{higher T/W), or a. combination of the three to maximize the
méneuver capabilities’, he matrix ‘of variables evaluated
were: (1) aspect ratios of 3, 4, 5, apd 6; (2) wing load-
ings of 45, 50, 55, and- 60 ps£ and (3) gross weights of

15,600, 16 BUO, and 18,000 1lb, with corresponding thrust/
weight ratios of 1.5, 1 4, 8nd 1,3 when using the fixed-
8ize FLOO-PW-LO0 engine, This metrix of variables waa
evaliuated for four lavels of composike usage: (1) none (all
aluminum), (2) composite. wing, (3) composite wing, tails,
and duct, and (&) all eomposlggﬁ

For each level of composite -usage .and for each combina~
tion of aspect ratio and wing loading, the alrcraft was sized
to perform the 750-n.mi-tradius LRASM, Two types of energy-
meneuverahilLty weré -selected to show che payoff of composite
ugage [Zi) sustained Purn rdte at Mach 0.8 and 30,000 ft aa
being represeatative of a high-1ift ‘turning condition, and
(2) acceleration time from-Mach 0.9 te 1,5 at 30,000 ft as

88th AB
FCNA

@‘% 4
.gﬁ#iv}gq{f?

being representative of .a low-lift accelersting capability
oz 1~g energy vate, The Mach ‘0.8 turn rate was then. plotted
versus acceleration time for the matrix of AR and W/S to
establish the maximum capabilities for each level of com-

poslte usag'j

The composite trade. study tesults along with. backup
data are presented in Section 8. -As an‘ example, if it is
desived to utilize all of the benefits of composites to ia-
‘crease subsonic turning capability (within constraints -of

over an aluminum airplane by 12 percent with a composite

88th \QHP
FOI X1
Eo135 %‘% &, 35.

wing or 36 peycent with maximum comporite usage. Energy-
maneuvetability plots, including maximum maneuver diagra
for various selected combinations of variables are needégj

20
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to allow comparisens over the whole manéuvering £light

spectrum before the optimum conbinations of variables can
be. seleated.

l 2.7 TINLET TRADE STUDY ON 401B

Four inlat designs were evaluated during the study to
aggess the payoff and penalties asgociated with inlet sophiq.
tication. The inlet configuraticns selected and evaluated

]

are:
Design Capture Area, Variablae

Inlet Mach AL (1n-2) Geometry Bypasg
(1) Open-nonse 1.6 740 No No
{4013 basic) : :
(2) Half-axisym- 2.0 ‘1920 No~ Yes
metric, flxed:
spike )
(3) Half-axisym- 2.2 890 ° Yes No
mefric, vari-
dble~diamerer
(&) qu-dimgn- 2.2 840 . Yas Ro

‘alonal, vari-
able-ramp

The inlet designs were evaluated against Concept 1 as
the bagic vehicle. Eich fnlet was incorporated ianto the
401B alrframe and lines were generated in sufficient detail
©o determine alrcraft croas-aectional and wetted-area
chdnges, strustural and control system weights, inlet

‘pressure -recaveries, and draga,

A psvformancé comparison in terms LRASH redius, aircraft

‘gross. weight required to achieve a 750-n.mi radjus, mission —
‘maneuver -capability, -supersoaic. Py, and Mach 2.2 ceiang was

made between each inlet configuration. The variablesgeomeltry
inlets have significantly better performance above Mach 1.6,

.as expectad, but with a significant degradation ia. mission

radivd,which requires increasing the aircrafr size. For’ -
example, the 2-D variable~iamp-inlet asirplane achieves 136

n.mi less mission radius,which requires resizing to 17,790 -

1b (from the baaie 17, 115-1b.. -alrplane)y, At speeds less than e
21
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i . FOIA (b)(1) :
E.0.13526 SEC. 3.3.
ﬂ (b)Y

53— . : ‘ . " 1.4. (a)g)
(53— Mach 1.2,rche aircraft with the basic -open-nose inlet. has ]

maneuvey capabilitfes -slightly betcer than aircraft with any
of the dalternate inlets, This L8 & vesult primarily of the
4 -percent-higher T/W of the smaller airplane size,

@) The fixed-spike inlet with bypass was not pbnipetil:;ivg
" with the varleble-geomerry inlets in terms of either energy

manewverability or mission radivs.

{U) Configuration layouts, pexformange compaxisons, and
supporting ddta avre.pregented in- Section 9.

2.8 .OTHER TRADES AND CONSIDERATIONS

<53 The various tradeoff effects established during the
couzse of the.study are presented in Section 10, Some of
the summary results are listed bélow in terms of alrcrafc
sizé requited to perform the 750-n.mi mission.

Trade Gross- Weight (1b)

Coneeépt :1 (401B) 17,115
Addition of tail hook 17,320

. Self sealing of 100% fuel rather

F than only fuselage Ffuel 17,277

: Increasing design lbaf@! factor from .
6,5g to 8.0g at 80% fuel 17,693
Increasing :design ioa‘d ‘factor from )
6.5g to 8,0g at coustant aw 17,191

] Increasing landiag R/S from 10 fps

3 to 15 fps (fuselage atructure.only) ‘17,196
-Applying. 1.05 factor to fusl £lows 17,520
Applying 1.05 factor to fuel flpwa . 18,075

and adding 5% fuel reserve

22

§



https://750-n.mi

2.9 Ensnctmnnwsmuny PLOTS

55 One .of the piiyposes of this study is to provide date for
usé. in validating the integration of Col. J. R. Boyd's ~
Advanced Energy-Maneyverability Theory with tradeoff analyses:

- *  The methods used with.Col, Beyd’s theory for displaying and

.- cumparing the capabllities of different design Foncepts are.

3 described in Armament Mémorandiim Report 71-2.% “Ryamples of

3 the. energy-mansuverability plote generated by COnvair under

¥ this study are presented in Figure 2.9-1 through 2.9-~3. These

X data are for Configuration 4018, the single-engine concept

: with: the F100-PW-100 engine and having a mission weight of

b 17,115 163]
-f&}l “The combat arena ploc (Flgure 2,9-1) displays the region

of the flight envelope for varivus types of maximum maneuver
capabilities:

T ’ 1. Qhe,tbp lipe4ls the basic l-g ceillng
g

3 2. The quickedt/tightest turn line ia the highest
1 nlt:.tude for- 1:uni.1. load factor (i.e., the:

y ‘coxner velocity” of v-n diagrams) To the
left of this lide, maximum turn rates are aerc-
dytiamically limited; to the right, structurally
limited,

3. The top line-of the Maximum Manedver Corxidor
is. the Best Energy €1limdb path (or the maximum
%-g)energy rdte (Ps) for each level of energy

Es). .

1 4. The bottom line of the Maximwm Maneuver Corri-
] ' dor is the maximim enérgy rate for each level
of energy while tiuriing -at atructural. limit
1oad factof.

] 5. The Maxinum Maneuver Corridor is the region of
. maximam turn rate for any energy rate, or the
méximm energy rate for any turn rate.

¢

*Boyd, J. R.; Cal., USAF, Christie, T. P,, and Drabant, R: E.,
Capt., USAF; Maximum Manéuver Concept, Armament Memorandum
Report: 71<2, August 1971.
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\ 6. -The maximum sustained maneuver regiou i identi-

fied by the contour line of zéro energy rate .
at limit' load factor. ) 88th ABW/IP| Q:ﬁ
FOIA(b)(1) . )

. 7. The zevo-energy-rate (¥; = 0) lire for maximum (E.O.13 ﬁ‘%g&%@)(‘l), L

gxcess L/D bounds the transient maneuver region: 1--"?g€'&‘) { B ’é ‘ \.,(\‘g*f?,}

where the. most efficient turns may be Bustained, '%%)lp~'l514 ef

Maneuveriiig combat outside this zeglon will most LA I gA ﬂﬁ‘(&f}

1ikely be hit-and-run attacka. These data show éa&ﬂg“ (é,,) ﬁ :

the configuration 401B to have efficient wanéu~ 5v /,"

-yering ‘capability up to the upper limits of the ~52¢

agticipated alr-to-air combat region (Mach 1.6).

{v) ‘The Maximum Maneuver Diagrdms, Figures 2. §-2 and 2.9-3 v
for Canflguration 401B display data of the saime type - one
displaying tirn rate versus energy level (Eg) with énergy-
rate contouts, the other displaying energy ratz versus

energy level with tupn-rate coptours. As -shown {n Figuse
£.9-2, the quickestytightest turi’ boundary is. the ‘top line.
The Mach/altltude combination for this boundary-at auny energy
‘level can be obtained from Figure 2,9-1. ‘Energy rites asso-
ciated with the Best Energy Climb are located on the longi~
tudinal axis. The energy-rate (P5) contounrs represent the
maximum energy rate for any turn rate avallable for amy
energy-rate/energy -level combination,
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TURN RATE (DEG/SEC)

'|5..

12

HORTZONTAL ATTITUDE

NOTE: 50% Fuel
Mission Payload
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- 400

~QUICKEST/TIGHTEST TURN

-
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SECTIDN 3

LARGE SINGLE-ENGINE CONGEPT
(aowlrmo-?w-wc))

3.1 VEHICLE DESICN

In this subsectiom, a description is: presented of the
large single-engine concept, a brief explanation is glven:
of the oversll configuration tationale, and ‘the configuras
tion growth data that were generated tp provide the basis
for stiucture, aerodynamic, and performance andlyses ve-
quired.to size the vehicle are sumadrized.

3.1.1 vehicle Descripticn

~ The large sxngle-englne fighter. concept (Concept 1)
has been designated Configuratior 4018. The generdl. arrange-
ment of the point désign alrcrvaft, a vehicle with a 17,115«
1b mission weight is presented in Figure 3.1-1. The basic
lines, inboard profile, and general arraugemeut of the
4013~type. vehicle at a migsion weight of 16,800 1b are
shovn 1n Figures 3.l-2, -3, and -4, respectively This
vehicle size was initially developed and used as a data
point in gemerating the growth data which formed the basis
For sizing the final poznt-design airevaft, The data
‘gheets on which the basic geometry chardeteristics, grea
disktribution, etc., are defined for Configuration &OlB (at
16,800 1b) are presented along with the growth data in
Subsection 3.1.3,2.

Configuration 401B. 15 ‘& small high-perfoimance’ £ighter
with & wing loading of 60 psf and a. thrust-to-weight. ratio
of 1.37 (uninstdlled). The basic features of the configu-
rdation arrangement are summarized in Figure 3. 1:__)

53

Four major elsments comprise the 401B configuration;
(1) the fusalage, (2) the wing, (3) the empennage, and (4)
the' landing gear. These components are described biiefly
in the followiwg subsections along with a description of
the: ex:ernal stores capability of the aliplane.

3.1...1 Fuselagei

The fuselage of 401B contains the eoekpit, equipment
bay, armement, fuel tanks, and propulgsion system.,

28
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W) The cockpit [s arranged to provide excellent visibility,
vith special consideracion given to che. avoidarice, where
practical, of features which tend to restrict vision such
as seats, inlec duects, wing, etc. The ‘Following basic
vision limits apply ou 401B: c

L. 15° down vision aver the nose (0% azimeth)
2, 40° down vision over the aide (90° azimuth)
3. 0° dowm vision aft -(180° azimuth).

w The canopy consilsts of a pne-pilece. transpareat bubble
with Full-vision capability (no bowframe vision obstxuction).
The canopy is hinged about the right-hand :side and is manu-
ally operaced for normal ingress and egress. Canopy Jeeci-
son for pllot ejection is accomplished by a thruster, which
tocates the canopy and Frame about & hinge-at the aft end
as i most conventional fighter aircraft, A head-up dis-
play utilizes & thick transparent shield that provides
blast protection for the pilct upon canopy ejection. A
“snapshoot! pight is integrated with the head-up display.
Configuration 401IB employs tha "Yankee 705% seat, which
provides a simple, lightweight escapé system., The -cockpit
dimensions are held to a minimum to provide a crew station
envélope which 18 ‘adequate- without compromising. cockpit
visibility, The cockpit is pressurizéd, and no provision
is made for a pressure suit..

g © ) Equipment compartments are located forward and aft of.
the crew station., The forward (nose) bay contains the

2 range radar, navigation, and gommunicatioms equipment in

k compartments which are accessible through hinged panels

F located at eye level for éase of maintenance. The upper

: portion of the nose ‘compartment contains the inflight re-

fueling’ receptacle which 1s ccmpatible with the USAF

"Flying Boom"™ tanker refuelxng gsystem. The aft -equipment

bay is divided into .two sections. The forwaxd section

provides space for the environmental control system, Ghe

sight and weapon control units, and miscellaneous equip-

ment. The aft section houses the ammunition diums for two

20mm cannons;

r

—~5)— “The basic armament consists. of twa .20mm ‘cannons and

two ATM-9X% missiles. A single-batrel 20mm cermon is located
; on either side of the forward fuselage in the glove section
[ of the body, The guns are situated aft .and sbove the.

3 38
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—3— engine inlet to preclude any adverse effect from the muzzle
blast. Access to the guns for loading and naintenance is

provided through hinged fuselage panela at shoulder level,
‘within easy reach by ground personnel.

{v) Fuel is contained in three tanks: 4 forward fuselage
tank and wing root tanks located on eithér side of the
engine in the thickened root- section where the wing
blenda into the fuselage. The forward tank fs logated
abave and. below the inlet ‘duct between the aft equipment
bay and the enpine Firewall bulkhead.

wy “The fuseldge tank 1s of ‘the self-sesling bladder type
and is 50 arranged that the engine fuel ‘supply is taken
from the lower section. Check valves are provided in the
interconnect lines to ensure a full tank for all flight
conditions. This portion of the tank 2ls0 contains the
single-paint .ground réfuel réceptacle, which 18 within
easy reach of ground personnel,

—6- The powex plant for Configuration 401B 1s a single
Pratt & Whitney Aircraft. JTF224~27 engine (USAF Designatinn
‘F100-P¥-100) with a xated thrust of 23,470 pounds on maxi-
mm power., Engine accessories axe mounted on the engine,
and engine-driven altcraft accessories are airframe-
mounted in the Lower fuselage forward of the firewall bulk-

_ head, A power take-off from :the engine drives these

- accessories and is discornected for engime rémoval. The:

3 engine 15 removed by sliding the unit aft along rails, The

lower fuselage in:the region aft of the rear spar bulkhead

is hinged to allow. for engine installation .and removal,

Pridacy air fot the engine is -supplied through a duct

from an elliptically shaped, -fixed, normal-shock-inlet

which 4s located beneath the crew station reégion of the

forward fuselage, The inlet i5 positicned slightly away

1 from the fuselage by a diverter that allows boundary layer

' air to ‘be-plowed off, A portion of this air is taken on-

board by an inlet in the diverter leading edge to supply.

air for the envirommental control system. The inlst 1ip

is also shaped in profile in a manner designed to provide

proper contxa} of the inlet shock system throughout the

operational envelope.l (88th ABWA f.A

3.1,1L.2 Win . FOIA (
—5)- Wing £ &%f B

Emm o Aile

7

t - Configuration 401B 4s .a fixed, mid-wing airplans wzth (e
' a wing loading of 60 psf, an aspect ratio of 3,00, a {&per . {é;
’ 2 2,89,
E 39 ;Zﬂgﬁﬁ )
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5 racio of 0,20, and 2 leading-edge sweep .of 35. 0 degrees., .
. The. wing tip 1s rounded in & mavney that maintains constanc

wing aréa (280 sq. ft. for the 16,800-Ib design) and results
‘in an gspect watio of 3.2. The wing employs a Ge=percent
biconvex airfafl with leading- and trailing-edge flaps,

The. full-span leadinfvedge flap is utilized both during
landing and in maneuvering flight to provide the particnlar
lift-drag characteristics required of these two portions

of the operating envelope. For maneuvering flight, the
leadlidg-edge flap is a manvally operated, threeé pogition,
£lap, A maximum setting of 25 degrees (leading edge. down)
is provided for the landing configuration. The olithoard
trailing-edge control surface is. a flaperon, which provides 7
for both the roll control and landing flap fumctions. A 1
simple flap {s also provided on the inboard section to )l '
provide 1ift augmentation for landing operatiuna:. ]

&) “  Four hardpoints dre provided on the wing for externmal
stores,, The: extdrnal gtores capabllity is described in
Subseetion 3. 1.1, 5.

¢} As. described {n the previous subgection, the wing
employs & thickened ropt section that blemds into the
fuselage ceriterbody. For tlie most part this root section
containg the aft Ffuel tanks, These wing-root tanks .are :
of the integral type and are losated outhoard of the engiite R
compurtment so that a double~wall section is provided to ;

geparate the Fuel and engine ‘compartments. |
“% ()} Viing structural.ldads are distribuved into the fuselage
3 thyough four wsjor spar bulkheads that -are cantiauwous
3 avound the fuselage,

w 3.1.L3 Emgenngge

COnflguratiau 4Q1B utilizés twin vertical tails and .
i : ventral £ins along with an all-movable horizontal tail 1
" arrangement, The horizontal and vertival tails are
staggered longitudinglly with respect to each other to
¥ ‘provide a. favorable area distribution effect and to gain
maximya pemissible tall moment arws,

() The vertical tail surface planform has a leadtng-
edge sweep of 45 degress, an pspect ratioc of 1.33, and &'
tapexr ra:io of D.40, Each tall haa a planform axea .of
22,12 £t for a total of 44.24 ft2 per altplans, The
riudder comprises the aft 25 percent tail -chord on each -

40




)

(@

(uy

(v).

~ (This.Page Is UNCLASSIFIER)
surface. The vertical surfaces are ranted 7 degrees out-
boaird to. provide sepacation between them ind to allow a
proper relationship with the vortex which emandtés from
the wing-fuselage intersection at the wing leading edge.

‘The vertical tails are located abt the. outer extremity of

the &ft outer- hody extension,

Ventral fins, located immadiately beneath the upper
vertical tails, also-have a leading-edge sweep of 45 de-
grees. The expostd ventral fin aspect ratio {s 0.37 .and
the taper ratio is 0.60,

‘The Harizontal tail is an all-movablé control surface

which provxdes ‘trim -and pitch control for the airplane,

‘For tail sizing. purposes; the surface is defined with a

leading~édgé swecp of 35 degrees, an aspect ratic of 3. 00,
and a taper ratio of 0.20. The po:tion ‘of ‘the horizontal
tail outboard of the vertical tail has a negative dihedral
angle of 7 degrees to allew maximum vertical separation
distance between the wing and hotizontal surface chord
planes. Thie separation fs important in the design of an
airplane to provide linear. pitch characteristics. The afr
portion of the fuselage outer-Body extension forms the ine
board section Of the. horizental tafl, This feature allows

© for a maximum. effective moment arm and, thus, a mininum

surface-area requirement, The foxward portion of-the
horizontal tail pivots about Fuselage Station 502 aud fits
flush alonmgside. the outer surface of the. vertical tail

and ventral so that clean lines are mdintained as the tail
rotates through its deflection envelope, thus lusuring
good airflow over the surfaces under these conditions.

3;1,1.4--Land;gg Gear

Configuration 401B utilizes a conveéntional tricycle
landing gear arrangeément. The main gear employs a single-
tire configuration which retracts up and forward into the

‘wing root section just ghead of the front spar bulkhead.

The wheels rotate approximately 80 degrees during the
retraction sequence to fit flush within the wheel well,
When the gesr is in the retvacted pogition, -the’ atyuts
are housed in the lower root fairing beneath the piimary
wing structure, The riose gear yetracts up and forward
into the lower ‘fuselage section just aft of the engine in~
let, The strut is compressed -and the nosé wheel 1is also
rotated 90 degrees upon retraction to allow the nose gear

tr be stowed in the nose'wheel well.
&)

{This Page Is UNCLASSIFIED)
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45> 3.1.1.5 External Stores

Capabtlity is provided at. the wing inboard hardpaints
for pylons to accommpdate Fwo. external fuel tanks up to a
maxiwum of 600 gallons each (ferry mission). Capabfiity
’ at these hardpoints Is also provided to carry two nuclear
% weapons as an alternate, [The wing outboard hardpoints
: are depigned to acconmodate the basic missile coliplement.
of two AIM«9X wedpomws. FEdch outboard hardpoint is also
capable of -accommodating. fwo AIM-9X ‘weapons for & maximim
-of -four migsiles per aivplane. Selected arrangemeénts of
the external stores capabilitles are ghown in Figures
3,1<6, -7, and -8, An alternate approach for carrying
fourx azu-9x nissiles: along with the two basic 300-gallom.
wing-mounted fuel tanks is shown in Figure 3,12-9.

3.1.2 Overall Design Rationale

) The overall design rationale for configuration 40IB
iz described in the: follewing paragraphs. Details of the
rationsle for selected specific Features such as wing,
inlet, etc., are covered in. the subsequent sections of
this report, The distinguishing features of. Configyration

401B, as outlined in Figure 3,1-10, are

1. Forward engine location

2, Wid-wing

3. Outer blended body

i 4. Twin vertical tajlg .

5. Under<fuselage funlet location
6. Bubble canopy.

(V) Results of design- studies conducted prior to the con-
¢ractural period indicated that for all configurations
{t was necessary to placé the engine as far forward with
reapect to the wing as possible in order k¢ provids appropri-
ate balance characteristics and dtil) maintain a reasonable
tail moment arm. This altuation results primarily Erom
the hatireof the dry-weight dletribytion inheérent in this
particular type of alrplane {(i.e., the dry weight forward
consists primarily of ¢rew station .and ermament éince

§2
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FORWARD ENGINE LOCATION TWIN TAILS
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virtually no avionics systems are required). The combina-
tion of this lack of weight in the ngse and the resultdnt
engtne/wtng relationship leads to the conclusion that

some kind of overhang beyond the engine norzle is necasgary
S0 as to 'achleve a satisfectory balance arrangement.

The three basic approaches that can beé employed to
provide such an gverhang arrangement are

1. .Single fuselage extension above the nozzle
2. Single fﬁsélage,extension,belpw-tha nozzle

3. ‘win fliselage extensions on efther side of the
nozzle.

Approach 1 lends itself best to single vertical tail
designs, The over-the-nozzle body extension also can incor-

‘porate eross-section shape variastions anywhere from circular

or .elliptical to & wide-shelf arrangement and, thus, can also
be adapted for twin vertical tail arrangements, Approach

2 has the pofential foi aliowing increased horizontal arws;
however, the vertical tail arm would still be limired by

thé nozzle, aud it would require a single vertical. tall con-
cept., In this case, the horizontal tall ground c¢learance
envelope ‘at takeoff and landing would impose & constraint
having- considarable effect on gear length (i.e.; weight)

In addition, the lower-shelf structuré would tend to make
engine removal provisions complex or vice versa. Approach’

3 allows the sleanest aft-end design in terms of providing

a favorable flow field around the engine nozzle, This
arrangement alse has the capability to allow vertical

‘separetion between the wing and horizontal tail. Such a.

relationship has been shown. by test and experience to be
necessary to acliféve the best handling qualities, OF the
three apptoaches considered concerning fuselage overhang
extension, the third approsch offers the best arrangement.

The selection of such an. averhang concept with the
horizontal tails mounted on side fuselage exteiisions re~
guires thdt these extension elementa be falred forwaxd,

‘making.a mid-wing congept .woat logical., To make a mid-

wing ‘concept feaaible (gince .loada must be carvied around
the engine and duct through bulkheads), there must be
significant root thickerilng to allow a favorable structural

‘load digtribution from the wing to the Ffiumélage. A thick-

ened wing_root thas affords a vatural situation for fairing
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the contour aft into Ehe outer body to which the horizontal
tail {s attached, Likewise, the thickeved root, if incor-
porated, must be: faired. forward, either in the form of a

thick glave or a wide, biended fusa‘.lage.

The incorporation of :the outer-body concept with its
attendant wing root thickening, forward blended fuselage

{or glove), and aft fuselage extensions thus provides many

-advantages from the standpoint of equipment arrangement.

For exemple, the mid-wing concept allows a teasonably
short landing gear that can be retracted into the thickened

wing oot Yegion just forward of the front spar bulkhead.

The retraction envelope tracad by this arrangement allows
the lower fuselage dnd a considerable portion of the wing
to be free for the accommodation of external stores, - The
forward blended body . (ox glove) contributes a crosg-secte
ional area f£11l at ‘a region which enhances ‘the transonic

aerodyiiamic characteristics of the configuratien, It also

‘provides an {deal location for the two 20mm gins. The gun
muzzles are thus positioned aft and abave the inlet to pre= .

clude inlet ingestion problems. Accessibility to the gun

‘compartments I8 .at shoulder level, which affords an excellent ]

arrangement for loading and maintanance opérations. The

‘aft portion of the outer body providea space for aft-

1ocated fuel top balance that of the: forward. fuselage tanks,
This distribution arrgngement i riccessary to minimize

eig. shift during fuel burnj thus,. proper c.g. control pan .
be maintained with a minimum of trim. At the same time, 1
this arrangement eliminates the need for the imcorporation
of self-sealing provisions i this poxtion of the fuel

ideal space foy tail actuators (rudder and stabilizer) in
that it affords sufficient volume and excellent accensi-

A configuration with after-body extensions on either
side of the fuselage also lends itself quite readily to
che twin-vertical tail concept, The adaptation of this
tell arrangement géomatry on Configuration 401B provides
several primary ladvantages. First, it allows a reasonable
‘tatl woment arm and acts in concert with the after bodiés
to allow a clean flow £i¢ld around the -enginé nozzle, The
outboard placement echances ‘tail affectiveness. at high
angles of attack since the talls are essentially ot
blanked out by the fuselage forebody &é & centerline tail
would be. ‘The outboard location alsc provides .a relation-
'ship with the ailerop which enhances. neutral aileron yaw’
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(U) characteristic for the airplane, d highly desirable feature
’. for an dircraft requiring gdod handling qual:tties. The
: outward cant of the vertical talls on 4QLlB provides maximum.|F
- separation between the: two surfaces and positions them
r‘;'s'i-operly in relation to the wing/fusélage vortex flow,
. . ".Redundance and inheient 1.R. shielding capshility are also
] fedtures which accrue from the: twin ver:tical tatl and
’ -matching ventrag:j )

] : By The inlet Yocation, below the forward fuaelage, wag

selected to provide the most favorable flow fleld for the
engine air supply. This placement provides the best inlet
petf:’ormance at high angles of attack and yaw, which is of
paramount importance for a highly naneuverable fighter.. A
fixed-geometry inlet 1s employed to give the best perfor-
mance in the combat arena (Mdch 0.6 to 1,6) for the utmost
in simplicity, veliability, and light weight, The aft lo-
cation ninimizes duct lemgth (1l.e,, weight) and allows a
fuselage’ forebody shepe that enhances the directinnal
.sca'bilit:y of the configuration. |

o) A cne-piece trapsparent bubble canopy with fullsvisica
capabllity (no bow-frame vision obstruction) is utilized on
Confipuration. 401B, This featurs -allows excellent pilot
vision, which is &o absolutely necessary for a highly maneu=
verable air-supeiiority Fighter..

3.1.3 Configuration Growth Data

[L1)] Configuration 401B waa developed and sized originally

' on the basis of preliminary growth studies conducted some
time prior te the initiation of the contractual gffort,
A nuimber of minar modifications to various elements of
the éonfiguration were made during the time between the
development of the growth study data and rhe final comple-
tion:of the configuration, In order to ensure that the
selected single-engine concept: sizing was .still valid, :
new growth curve was gemerated. around 401B,

{uj The: approach utilized to devélop the configuration.
size variations is outlined below, Also; the basic para-
‘metric configuration design data generated to support theé
Bttucture,aefpdynamic and performance analyses are summa

rized.
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3.1:3,1 Afrcraft Sizing Approach

Mission weight Of the 401B configuration was established
at 16,800 pounds during the beglaning of the contractual
effort, The verification study was copducted by examining
a gross-weight range extending 1200 pounds on either aide
of the baseline 16,800-pound valpe. Ccmflguration data
were developed by varyldg the airplana '8 basie comptuent
geometry as dutlined in Figures 3.1-11 and 3.1-12,

wing loading was hald constant at 60 psf, and a family
of eonfiguritions was developed in which the wing and tail
sizing eriteria shown in Figure 3.1«1l were utilized. Basic
planform geometry for all surfaces was held constant, as
shown, -and surfaces were scaled sccording to the grotind
rules noted. In additiow to thege basic ground. rules and
conataiits, information on basic wing and tail. dimensional
constants- and key ratios sre. also shown in. the diagram of
Figure 3.1-11, AlL disetisionsl relationships used in the
development of tlie data are referenced to the quarter-chord
point of the wing mean-aerodynamic-~chord. _8

The scaling proc-ss utilized for the tuselage involved
basically a variation in length since the engine size was

"fixed and 401B constituted a minimum attainable- fuselage

cross section. In Figure 3,1-12, the basic elements of
the fuselage are outlined and che kéy congtants and varis
ables are shown, Crew station snd equipnrent ‘compartménts
remained fixed in size, as did the engine, accessories,
and landing gear. Inlet location was held at a constent
distance from the nose to retain the same geometric re-
lationship betweei the nose, canopy, inlet, and nose gear.
The ‘hasic £uselage variation. then consisted of s lesgth:
change in the center fuselage, which adjusted fuel tank
volume and sir inlet duct length. As. shown in Pigure
3.1-12, the variatioiis were referenced to ithe quarter-chord
position of the wing mean-serodynamic-chord. The nose was
lengthened and the engine was. moved aft to provide appro-
priate balance charscteristics, with the total linesr
increase sized to be proportional ta the. square root of
the gross-weigﬁc ratic, In additian, the portion of -the
‘wing rodt that blends into the fuselage was increased in
width in order to meintaip -a conatant percent of wing: apan.
for this boundary. This relationship provided a change in
ving~reot fuel-tank volume, which balances that added in
the fuselage fuel-tauk length Increase and,. thereBy, matn-
tains the appropriate.full-up balance characteristics.
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