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4.3 AERODYNAMICS

... For the smzll single-engipe ailrplane (Gonflguratiaa
403), the overall configuration planform, as well as the

wing. itself, it geometrically similax to the large single-

engine airglane (401B)-of Section 3. Furthermore, the wing
airfoil section, t/c « .04 biconvex, and leading-edge-Elap
geometry aré identical to that fox the. large single-edgine
girplane. It 1s therefore-gssumed that the. aerodynamic
characteriatics of the two are also identical, except for

the minimum drag.

“The miniwum drag Eor Configufation 403 4s predicted by
use of the same metliadology as was used on Configuration
4018 (Seatiom 3.3),

The total minimum drag is presented in Figure 4,3-1 for

various altitudes. The D/q's for the cancpy, missile pyloms,

and ptotuberane.es ave the same as those for 401B. However,
thete are small differences. in the nozzle, cowl, and diverter
draga. These drag components .are ghown in Figure 4.3-2, ‘The
effect of mirpldune size on minfmum drag is shown in ?igure

-4¢3-3. for this concept.,

) -

/Thé trimmed drag polars and trimmed configuration polars
dte presented in Figures. 4.3-4 through 4.3-3. ‘The drdg due.
to 11ft, leading-edpe-flap drag, and trim drag are the same
as those for the 403 Conflguration, given iu Figures 3.3-6
through 3.3-13 of Section 3.3

. The trimmed (L/D) data for this confi.guration ere
plotted in Figure 4.3- -10. 4 compariaon of these max data

‘with those of Figure 3.3-25 shows. that the 403 configuration

hds 5 peveent less (L/D) wmax than the kOIB eonfiguration.

Since the planform and wing lgading dre the same as for
the 4918 confisuration, ‘the 1ift curves, buffet boundaries,
and control-limic €p's shown in Figure 3,3-26 through 3.3-31
of Section 3.3 also apply- to the 403 configuratiocn,
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& .4 STARILITY; CONTROL, AND HANDLING QUALITIES:

In the case of the small single-engine désign con-
cept (Configuracion 403), the same bagis £or handling
qualities design aspects as previously presented in Section
3.4 for the 40LB configuration has: been followed, The
overall configurations of vthe 401B and the 4G3 concepts are
very similar. In thege design studias, the respective
volume coefficlents of the horizontal and vertical tails
have been meintained equal for the configuration layouts,
Consequently, the stability and eontiol chaxacteristics of
the smell design will be basically. the same as those pre-
sented in Subséctidn 3.4.3. A small diffevence may .exist
in thé handling qualities of the two desipns with the ad-
vantage in favor of the smaller desdign because of its
corréspendingly lower moments of inertia.
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4,5 STRUCTURES AND WEIGHTS

- Welght, analysis for the Configuration 403 growth curve
was. performed in the same mannér as for the Configuration
401B groweh cucve, Three airplanes were gelected for
snalysis: at deaign gross welghts {in pounds) as shoun below.

(80%  Fuel) Ferry Xission
TOGH Struct DGW Overload GW
10,000 9,460 20,200
13,000 12,300 23,200
16,800 19,800 27,000
w Input data for weight equations were derived from. the

scaling daté presented im Séction 4.1 together. with ‘layouts
as tequired to develop specific area and dimensional data.

- , A welght summary fo esch of the three selected air-
planes is presented in Table 4.5-1. A plot of weight varia-
tion versus: gross weight is shown in Figure 4,5-1.. A
summary of the ceéntér-of-gravity conditions for the 13,000~
pound-gross-weight configuration is shown below. -

. Welght: .G,

lrem . (15) - (& MAC

Basie Operating Weight 9,671 25.5
Zero Fuel Weight 10,304 2543
‘Groga Weight 13,000 25.1
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4> Table 4.5-1 WEIGHT SUMMARY; CONFYGURATION
403 GROWLH STUDY (pounds) (U}

. Airplane Size
Item. ‘ {Grass wei:&ht:)
o . {10,000 | . 13,000 | 16,800
Structure | {5662) (6332) (5253)
Wing . 886 1193 1595
Fuselage. i 2006 2145 | 2376
Horizontal Tail 176 250 362
‘Vertical Teil 186 242 316
Landing Gear 408 | 502. 614
Propulsion’ Systen (2333) | (2422) (2522).
Engine (G.E. 15-1/J1A5) 1790 1790 1790 -
Alr Induction . 223 231 244
Fuel System 283 364 449
Engine- Gontrols. , 17 17 3 19
scarting System - 20 20
Systems and Bquipment (2412) (2536): (2703) '
Surface Controls 412 475 563
Landing Cear Cositrols 81 97 115
Ingtrumentsy 94 9% 94
Hydraullc$ and Pneumatics. | 185 | 218 267
Electrical 347 359 371
T Avionics | 460 460 460
. Furnishings 238 - 238 238"
E Afir Conditioning NS [V 142 142
Atmament 453 453 - 453
Welght Empty 8407 ‘9290 ] 10,488
Useful Load . (375) (381) 1 (387)
Crew . ; 200 200 | 200
- Uousable Fueld ' 11 17 23
3 Engine Oil 10 10 | 10°
8 Misgile Racks: and Pylon ‘124 124 124
Starter Cartridge {2) 20 2Q 20-
Miscellaneous ‘ 10 . 10 10
' Basic Operating Weight 8782, 9671 |{ 10,875
. Payload (633) | (633) £433)
¥ ‘anmo. (500 rounds) -2835. , 285 285
Misglles ) . 348 " 348 348
| Zero Fuel Weight 9415 10,304 11,508 -
f . Fual 585 2696 5292
i Gross Welght 10,000 | 13,000 | 16,800
- T n N 233
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4.6 PROPULSION {403/J101-GE-100)

A single General Electric continuous-bleed turbojet,

J101-GE-100, is Lnstalled in the Configuxation 403 dlrplane..

The General Eleceric designation for this engine is GE15/
JIAS (Referance 25). In this report the engine will be
referred to &8s the JLO1-GE-100. Ferformdnce data were
Futnished by General Electric (Reference 26 ) aceounting
for Convair ‘estimaces of inlet pressure recevéry, engine
bleed and shafc power extraction.

In this section, the J101-GE-100 propulsicn system
performance data are presentdd f£or the engine installed in
a niannét similar to that of the Configuration 4013 engine
Lnstallatioo described in Section 3.6. ‘The ‘Sdame amounts
of high-pressure air bleed and shaft power are extracted,

The exhaust nozzle 1s a contoured translating-flap
convergent-divergent (TFCD) configuration. The nozzle
exhaust aréa is Fully modulated during afterburning opera-
tion and varies to a lesser extent when the engine s
operating In non-zfterburiing power settings.

4,6.1 Propulsion System Performance:

The installed thrust specific fuel consumption, TSFCS,
and propulsion aystém net thrust, Fys, of the J101-GE-100
are pregented in Table 4.6-1 and Pigure 4.6- 1 through- %.6-7,
The data shown comprise a4 sinimum package neéeded for the
Configuration 403 airplane design and mission analysis.

The definition of the installed propulsion system.nat
thrust FNS’ is similar to that given-in Subsection 3.6.1

1t should be noted that some differences exist between

- the propulsion syste; performance datd contained in Ethis

section of ‘the report and those shown in Subseckion 5.6.1
for the twin-engine airplane., Subsection 5.6.1 contains
later engine data from Geheral Electiic. The data con-
tained in this section are the same #s those reported in
the Convair interim report. (F24-5726). 4 change L the
propulsion system performance. data to the later set. of datas
wlll not affect the conclusions made on the singlé-gnglae
alrplane, Therefore no é¢ffort was made to update the
single-englne propulsion performance.
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(V) Table 4.6-1 403/J101-GE-100 MAXIMUM AFTERBURNING

-AND INTERMEDIATE ‘POWER PROPULSION
SYSTEM PERFORMANGE DATA  (U)

RaR O - e

Altitdde ‘Mach Fs TSFCS

{££) Number. (1b£) (1bm/hr/1b£)
Power Setting - Maximum Afterburnidg

)] 0 - 11295, ) 2,047

.0 ) 132564 2.202

10000. .6 11130 2.088

10000, -9 12611, 7.229

30000, 8 6442 2,053

.9 7018, 2,051

1.0 7688 2,053

1.1 #315. ©2.063

1.2 g813. |  2.093

1.3 9212, | 2.147

1.4 9509. 2, 21.9

: 7.5 9953, | 2,273

35000, 146, 8787. 2,275

1.8 8447 2,467

| 2,0 7440, 2,821

40000, 1.6 7013. 2.273

1.8 6776, , 2,457

2,0 6060. 2,791

Power .Setting - Intermediate Power

0 0 7669, .893

0 .5 8093, 1.021

10000 .6 6651, 1.036

10000, .9 7037. 1.090"

20000, - 713 5258, 1.032

25000. ' .783 4538, '1.035
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4.5.2 Inlec

ot
The fnlet system for configuration 403/J101-GE-200 i

essentially the same as that described in Subsection 3.6,2,
“bur scaled to iatch the alrflow requirements of the J101-
‘GE-100 engine. The resulting inlet capture area, 423 sq in.
is based on. a waximum engine corrected aivflow of '129.8 ‘1bm/
.sec. Tae inlet performancs data présenced in Subsection
3,6.2 is made applicable to the J101-GE-100 engine by multi-
plying: the engine corrected airflow scdle by the ratio of
maximum standard-day engine corrected airflows:

122:8 . gusp2

4.6.3 Nozzle

The nozzle employed for chis englne is" a translating-
flap-type convergent/divergent, non-ejector nozzle as de-
pleted in the Figure 4.6=8 -eketch. A pressure-drag
‘analysis was made, and the data ate shown in Figures 4.6-9
and &4.6-10. .

The .drag bookkeeping system employed is the same as
that definéd in Subséction 3.6.1. The maxinum augmentation
drag given in Figure 4.6-9 is the baseline,and the -dry-
power drap given in Figute 4,6-10 is the increment included
in the propulsion data. Also, nozzlefaft-fuselage flow-
field interactions are accounced for as. defined {n Sub-
séction 3.6.3. The baseline nozzly pressure ratio is shown
in Figure 4.6-11,
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SECTION 5
LARGE  TWIN - EKGINE CONCEPT
(S01A/J101-GE=100)
XY

5.1 VEHICLE DESIGN

) In this subsection & description is presented of the
laxge twin-2ngine concdept, a brief explanacion 13 glven of
the configvration rationale, snd the configuration growth
data thit were generated for sizZing the point-~design vehicle
are summarized..

5.1.1 Vehicle Description

5 The large twin-éngine fighte:.' concept (Comcept ‘3) desig-
naced Configuration 501A, is presented in Figure 5.1-1,
which shows the general arrangeiment of the point-deaign
airplane (22,680-1b mission weight), An inboard profile
and- basic l.ines arraigement of a SOIA-type girplane are

. ghown. in Figures 5.1-2 and §,1<3 at a mission weight of

~ 19,000 poiinds. The alrplane depicted im these two figures

wés designed for a gross weight of 19,000 pounds and was
used as & basis for developument of the growth data generated
te determine the sized airplane. of Figure 5.1<1.:

“+5)— Configuration 5014 ie a hi h-perfcmnce fighter vith a
gross weight of 22,680 pounds) e wing loading of 60 psf and
a thrust-to~weight ratio of 1.26 (uniustaued) l

((3)) Configuration 5014 is basically very similar to Config-
urations 401B and 403. Overall sharacteristics duch as wing
and -control surface planform and arrengement pgecmetry, crew
station, fuel tmnkage, and equipment arrangement are essen~-
tially the same. -The major differences occur in the engine/
inlet aystem, the landing gear, and the gun Installatiorn,
These differences are described briefly in the following

s

- ‘aubsections.
"5.1.1.1 Engine/Inlet
(u " In Configuration 301X, the two J101-GE~100 engines. are
o clustered closely together in the-aft fuselage section of
- the airplane. Primary aix is auppu.ed to each engine by a

249
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separate duct which incorporates a semi-D-shaped, fixed,
normal-shock: inlet.. ‘The inlets are located just forward of 3
the nose gear on either side of the fuselage centérline and’

spaced approximately one engine diametér apart. The fuse-

lage is contoured forwatd of the inlets in 2 mauner designed
te provide an inteégrated forebadylinlet geometry that will E
allow good air inlet characteristics throughout the maneuver ]

envelope.

5.1.1,2 landing Gear

£U) A conventional tricycle landing géar arrangement is em~
ployed on Configiration 5014, The main gear is located in
the fuselage in the region just ahead of the engine compart-
ment and retracts forward into a bay on éither 'side beneath
the énglne inlet ducts, The nose gear 1s & dpmi-articulated.
design with a free-castering " single-wheel arrgngement. It
18 located just aft and between the engine inlets &nd ve-
tracts forward int. a bay. in the lower center fuselage.

5,1.1.3 gun Instaliation

=¢8y— .  The gun insvallation of configuration 5014 iz similar .
to that of Coufiguration 40LB except. that the ammynition N
cannisters are located in a more favorable area for easy
ascess as a result of the twin inlet arrangement. A 20dm
gun i located on either gide of the airplane fn the glove
region provided by the forward extgnsioh of the thickened
wing root as in the 401B concept. The gun compartment is
thus situated sbove the inlet duct-on eltliér alde and s .
acceasible thirough hinged panels in the upper fuselage skin.

A separate anmunition cannister- la. provided for each gun in q
a center-fuselage bay between the gun compartments and just
fotward of tha fuselsge fuel tank. The smmunition cannisters
are gasily removable through dcceas panels in the lower
fuselage.

¥
o

5.1.2° Deaign Rationale

(mn Moat. of the overall design raticnale -thet applies to
! the :single-engine concept (401B). &lso applies to the 3014
concept. 'In order to provide the falrest cem;:arison between
the twin-engine and Bingle-engine concepus, the primary fea-
turea of the 40LB concept were adopted insofar as posdible.
OF the six major discinguishing features of the 401B concept,

250 ’ '!
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all but one were recained. The lone exception involved the.
inlet location, and even this feature did not depart radi-
cally from that of the former design concept.

To. xéiterate, the distingulshing features of Coufigura-
tiecn 501A are essentially the ‘sape 28 those of 4018 (des-
cribed 4. Section 3). They ave as follows:

1. Farward engine: Location

3. ‘Outer faired body

4. Twin vertical tails

5. Undet-fuselage inlet location
6. Bubble canopy,

A brief discussion of tliegse features, as they relate to the
501A congept: and differ with the 401B concept, is presented
in the following paragraphs,

The forward engine reldtionship requiraed in tha 401¥
concept to provide appropriate balance characteristies con-
sistent with reasonsble tail moment arms is also & basic
characteristic negeasgry in the 501A arrsngement. In fact,
this. effect is even more promounced in the twin-engine
design becaise the combined weight of -the two small.engides
iz more than that of the single large engine &nd the dia~
tance from thé nogzle to the engine c,g.-of the small engine
fs shorter. These two factors combine to increage the tail
overhang tendency on the 501A Aarrangement. In the develop-
ment. of the 5014 concept, adjustments wére made in -forward
fuseldge length, tail overhang, and engine location to pro-
vide a reasocnable compromise in airplané geometry dnd still
retain the balance characteristics required,

The mid-wing and wing-body blending features’ are essen~

tially the same in both the single-engire and twin-engine
concepts. The fore and aft oxtension of the wing-body shap~
ing arraugement sexve the same basic functiona on S014 a&s.
on 4018. The major differences of 5014 lie fn the Fact that
the center body sagtion must ring two engines instead of one
and that the 501A arrangement also lends Litself better to a.
fuselsge~mounted main gear design. In thé latter case the
volume provided by fairing the inlet duct into the aft fuseé-
ldge is adeguate for. stowins the. retracted gear and also
allows a reasonably short geax leéngth (i.e., redoced weight),

-
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cuy The twiq vertical tail feature of 401B was retained oo .
the 5014 concept, snd. the same rationale appliea here. A
-9light incréase td the width of the aft root extension was.
required to. .ellow a reasonable structural cross séction for
this element alongside the proportionally wider twin=engine

. installdtion. This reevlts in & slightly higher proportiémal
relattonship between the horizontal teil and wing apan on
501A than chac af -the sfngle-engine concept.

<85 The maj or @viatinn in the two concepts lies in the
inlet/engine srtangement. TThe ‘fnlter/forebody concept of 5014
is based largely on experience derived from past test work :
conducted by General Dynamics on various inlet/airframe ince-<
gration contepts for highly maneuverable airceaft. The {alet
arpaagement incorporated o the 501A concept is intended to
provide ‘for good fiow characteriatics at- both high gngle of
attack and yaw conditions. Easentially, the same normal-shock,
fixed-geometry inlet features of the 401B concept are also

-employed. to give the best performance in the combat &rend
(Mach 0. 6 to 1.6) with a simyle, reliable, lightdweight szstem.’

{n The tyansparent bubble canopy with the full-<vigion cap-
ability remains unchanged from. that of Corfiguration ‘4018,

. - -5:1.3 Configuraktion Crowth Data
(0 In this subsection, the approach utflized to deveiop
the configuraticn size vaiiations in the growth study is.
outlined, and the: basic’ paramehric éonfiguration design data:
that was generated ta support the gtructuve, aetodyaamic,
and performance analyses ace Suinmarized.

5.1.3:1 Afrcraft Sizing-Approach

45> Layouts were developed for the S01A concept at .a-gross
weight of 19,000 pounds. This configuration formed the

el

o

basis_for the ‘growth study, Airplene gepmetry was ecaled
from. the basic’ 19,000-pound version by use of essentially
the samé sealing relationships developed for the 401B con-
-cept. In generdl, surface areap wére agcalad as a functipn
of groas-weight ratic and characteristic lengths were
-aceled as a function of the square rioot of the grossiweight
ratio. These scaling relationships were used. to develop

additional data points [t gross weights of 16,800, 22,000,

and 24,000 pounds in oxder to provide growth curves for air-

craft sizing. For all cases, wing loading was held con~

stant .at 60 psf and the family bf aiveraft aonfigu:atious [
258
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;= ‘ ‘was devéloped through use of the wing and tail sizing ari-
tu} : reria digcusged pre¢iously in Sestion 3 .
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5.1.3.2 Growth Dita

Preaenced in this subsecction is & summary of the conw
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figuration design data that were genersted in the grovth
study to’ support the striucture; aeradynamic, and performance
‘analyses. The variation of airplane watted srea with air-
plane size (wission weight) and a definition of the mejor.
-airplane components: contributing. to the wetted~area. total
are shown in Figure §.1-4. The major component hreakdown
of wetred ares versus missioi weight is shown .in Figure
5.1-5, The manner in which selected key characteristic
fuselage dimensions vary with airplane size’ in. the growth
airplane family are plotted in Figure 5.1-6. Similar vaxia-
tions of selected key characteristic surface dimensiops for
the growth family are plotted ia Figure 5,1«7. In Figures
5,1+ thtoigh 5.1-15, generdl airplane gcometric data are
sumnarized for the data points at the four gross weights
used to establish ‘the growth family. A hormal srea distii-
bution éurve ‘and fuel distribucion plot are presented for
the basic 501A configuration (15,000~1b mission weight) in
Pigures 5.1-16 and 5.1-17, reapectively.
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