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{This Page 1s CONFIDENTIAL)
SECTIONR §

INLET TRADE STUDY ON 4019

(1) Pour inlet designg were evaluated during the study to
.assess the payoEf and penalties associated with. inlet sophise
tication. Specifically, the effécts of: inlet desisn ‘Méch
aumber and inlet varisble geometry were evaluated, The
Configuration 401B/F100-PW-100 inlet was used as the base-
line configuration for the study. - Inlet and duct lines were

.generdted in sufffcient detail to determine aircraft cross-
sectional and wetted-arex changés, structural and control
_system weights (as applicable), inlet pressure recoverfes,
and inlet: dxags,

9,1 INLET TYPES. SELECTED

e The four inlet types selacted and evaluated vere -as
T £ollows: A 1%@#@
14 gaptur: Variabl %}Q"}(t’x‘”
’ . Design A4rea, Aj Variable (a ﬁ;j
Inlet. Mdch Ln: ) Geomektry Bypass T ‘-x,- ’3( ) ,(,CL)
1. Open-Noge (401B 1.6 740 No No Js’cﬁefef‘ (°~ ‘:.}/J
baseline) .
A 2. Half-Axisymmeteic, 2.0 1020. No - Yes
3 fixed-spike :
3. Halfgeax;symet:i,c;, 2.2 890 Yes No
variable-diamater,
: double-cone spike
4 4. Two-dimensional 2.2 B41 Yes Ko ‘
variable ramp '
f ') Tolet.l, the baseline inlet, is described in Subsece
£ " tion 3.6.2.
: )] Layouts for Inlets 2, 3, and 4 are shown in Figures -

9.,1-1, 9.1-2, and 9.1-3, respectivcly. The lines for each
inlet are compared with thie baseline dpen-nose inlet in
Figures 9.1~4, 9.1~5, and 9,1-5, Basieally, the groundrule
was to lucorporate the altemate inlet configurationa on

542 « “
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Configuxation 401D with minimum change: Some refinement of
lires and area distributions might be possible with each.
configuration, but {t is not expectad to change the resul; g{gIABVVﬁ
significantly.

Pl

._, I

Tnlet 2, Ls & half-axisymmetric fixed-geonietiy inlet ( ZS
incotporating 8 22.5-degre¢ half-angle canical centerbody |1. éé
(spike) for supersonic compression. The inlet is designed
for a terminal-shock Mach number of about 1,5 at Mach 2.0’
flight, a criticel mass flow racio of 0.96, and a throat
area of 710 sq in. The sawe thecat-sizing eriteria were
used for this inlet as for the gpen-nose baseline configu~
‘ration since the méximum throat aree is set by the makimum
subsonic engine. airflow, Thege thtoat-sizing criteria re-
sult in an inlet eapture aras of 1020 sq in. for this
inlet, which iz oversized for the Mach 2.0 £light condition
and reqnires & bypass to avoid highly suberitical (and
probably unstnble) operation of ‘the: inlet,

Inlet 3 is a half-axlaymmetric 1n1et with a double-
cone centerbody for supersonic compressxou. The ceaterbody
‘second-cone angle and centerbody maximum diamecer are vari-
able for inlet/engine airflow metching. The design-point
(Mach 2.2) fiyst-cone and.second-cone half angles are 15
and, 27 degrees, regpectively. ThE secand-cone angle- is
varigble to about 12 degrees for maximum throat-area
increase, The inlet is deaigned for a termimal shock’ Mach
number of about 1.5 at Mach 2.2 Flipht and & .ctitical mass
flow ratlo of 0.9%; Lt is siged at Mach 2.2 for 4 coriected

airflow of 160 lbm/see.

Inlet 4 is a two-dimerisinnal double-compression-rawp
configuration® with the second-ramp angle variable, A sub-
sopic duct ramp 19 slaved to the second compression ramp to
achievae thibat-area variation. Inlet/enginé airflow match-
ing 18 achleved by second-ramp -angke and throat~area varia-
tion, The design-point (Mach 2.2) First-ramp dnd second-
temp -angleés are 2.5 -and 18.5 degrees, respectively, with
the 'second ramp variable to dbout 6 degrees for maximum
throatvares incresse., The design-point ramp éngles produca
a terminal shock Mach number: of about 1.5 at Mach 2.2
£light: The inlet size used is bused on a corrected alir-
flow of 160 i%m/sec.snd a -6xitical mass £low ratio of about.’
0,99 at Mach 2,2,
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9.2 AIRPLANE PERFORMANCE WITH FOIAMBIDY, NI |
"SELECTED INLET TYPES 3%0 31559 , Q(fﬁ (b)
. . . 1% Py h ,."(“Q,l
< r The: performance capabllities of Configurdtion 401B 1:4‘%@1(%?3.'1 '
' equipped with alternate inlecs is compared- in Figure 9.2-] ‘5?’-

w

4nlets to ‘ﬁ'ave greater performanceé capabilities than the
figed inléts at speeds of Mach 1.6 and higher. This 1s as .- E"O'1§'\

with the performence~obtalned with the basic open-nose

filet. The compatison is made at the missien weight (L.e,;
full-up weight without external tanks) required for the 750-
n.mi LRASH radius. ] The maneuver capabllity is compared in
terns of energy rate {Pg) and absolute ceiling as well as

"of the mlsiion perforhance on the Long-Range-Air Superiority

Mission, .

C;l‘he P_ and cei‘li'ng comparison :;how the variabl‘e-g’gometﬁi‘ya ST ABWIB] q‘-ﬁ"

expected. The mission performance cowparison also ghows
the expected vesults; naiely, that at speéds of less than ‘éél

craft ‘accomplishes thé mission at.a smaller size. Thus,
improved gerformance capabilitias at Mach I.6 and above,

4P

FOIA (b)1)

\

Mach 1.2 the alrcraft with the basic open-nose lnlet has IS
mancuver capabilities &s good as or slightly better than TV 1,
aireraft with any of the alternate designs. Also, the air- % 51}'

Ty
c. c‘i - '/-:"
el

28 gé "3.3:(6) T

{5

which s outside: the expected combat reglon, will be .at the
cost Of increawed aircraft size for a given migsion radivs. |
The alrcraft sizes required to meke the desired 750-n.mi
LRASH radius are compared below,

Inlet ‘Type Mission WE. LRASM Radius,n.mi
T (1) (16,800-1b A/F)
open-nose (401B baseline) 17,115 686
Half~axisyimetric fixed- " 17,910 529
‘gsplke .

Half-axisyimetric variable- 17,880 530
‘ dia::'gt‘gf, dozbg;e-cpn: spike ?

Two-dimensional variable-ramp 17,790 550

The two-dimensdionial variable-tamp inlet Le. the best
chioice of the altermate designs In terms of trading wission

-radius For auperscnic Pg. Its energy rdte and ceiling are

competitive among the alternate designs, and the alrcraft
size. inérease 1s the ledst of any 6f the alternate concepta.
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{_rone RANGE AIR. SUPERIORITY MISSION 4 j @mm CEILING COMPARISON . 1
70" "Ceili‘ngs - 2
60, ‘Basic lg Flight Envelg
8. 863~ , "1 ; '
B : - Drop Tanks 504
9] M.80~ ' g
g N — wl.oq
be Cmise w/(2)300 gal. \-Combat w/missiles 30
= exterhal tanks "saccelerate MO,9t0lS5 . I
«2 tuxrns at M1.2 420,
»3 turns at MO.8 -
. ) _ . 104
Range 0 e —
, —_— 0 .26 ;6 .81.01.2 1.41.618 2002.2
Combat ar 30,000 Ft, Hach No. .
. ‘Migsion| . 1 taecel ‘ U 00 Fr-fog M2.2 |
- Weight | GM1.2 " ; " In
Inlet { s Eh deg/sec|deg 32e|as et _ﬁiT%‘ ~0K2.2 ~ |Cedling
Basic 1is | 9.8 | 81 | 35.5) | Baswe ' 657 | 526| 283 |s3,500
Fixed Spike 17910 | 9.7 7.7 39.8] |Fixed Spike | 667 | 917| 847 :as,aoo‘
Jariable spike | 17880 | 9.7 | 8.0 | 3n7| |Seieacl® | 73s |1094|1288 70,600
| 1 2-D. Variable| 760 {1113 .1259 ‘ 0,300 |
©[2-D varlable Ramp| 17790 | 9.7 8.2 36.9 Ragp. ' _? 3

<5 Figure 9.2-1 Airxplane Performance Comparison Summary for the
Inlet Trade Study on Configuration 4018 (U)
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) The performance analysis is. for standard-day conditions
and is based on;

L.

Aexodynamic .data presented in Section 3.3,
with corrections presentéd in Section 9.4
For incremental drag differences caused by
the altemate Iinlets.

Weight data presented in Section 3.5, with
corrections presented in Section 9.5.

Propulsion data presented in Section 3.6,
with corrections presented in Section 9.6,
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6.3 DESIGN DATA

Q)] . The .configuration design data and inlet geometry
generated to support the .structures, aerodynamic, and per-
. formance anglyses of each alternate inlet confipguracion
-are presented in Figures ‘9.3-1 through 9.3~1Z. The data
presented for each elternate conflguration are (1) basic
description data, (2) fxiction drag data, (3) rormal area ~
- distribution, and (4) inlet geometry, Similar data for the .
3 . baseline configuration may be found in the following re-
s spective figuresa: (1) Figure 3.1-18, (2) Figure 3.1-21,
1 and (3) Figure 3.1-23,
i
k
F
o,
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o 552
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. .20 J’ 4//6 /.’ 55
N T 7L 7
N |-~k O TN W7 AN A /M RV A 7R
‘:".‘_ a- CUTOUT & S aepas) !.» . o i '
R I *R_~°ROOT OHORD(IN,M /24 22 (2e%d ). FO.
ST Ty - e cromd, (N 28, 44 ,./2‘5;;." 28
SalE B - SPAN . (W.gAZ AP | FALgL L 65
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4 = pverage buried shmi-span -
; X =.Distance aft from fuselsge nose to bady nose ox surfacc fusglage
' intersection peint,
PR .y = Diatance outhd from fnselaga ref, line to body ref, une dr vertieal
N surfice chord line,. WL 9Z.
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E 9.4 AERODYNAMICS AND. INLET PERFORMANCE BBth. AE% )&’ fﬂ'?_j’
8- 4 sumary offihe inlet performsuce used in the analyses 8 {35804

is presented fa Figure 9.4-1. Spillage drag and pressure (
recovery are presented as a function of (1) engine corrected 12:‘1 %‘5‘ Z (:,
alrflow for the Mach' 0.86 crilse and Mach 2,2 £lighe condi- Ll 2 3(( b)()‘ /)
¥ tion dnd (2) Mach number Ffor a Maximm afterbuz'ning power

. getting. Spillage drag includes additive drag, 1ip suction, | $&¢ /. ‘/(Q,)L_g)

and bleed and bypass Jrags (as applicable)J

§1)) The external drag. i{ncreménts betweén the baseline in-
lst configuration and the altérnate inlet configurations
are shown in Eigure 9.4-2, ‘Since wetted-azred differerices:
are pegligible, the incréments reflecr #ifferences in
supersonic wave drag and cowl urag (see Subsection 3,3,11);
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9,5 STRUCTURES AND WEIGHTS'

CSEC, LY e)g)

£ 5 o@ |,
4t ﬁ%{ “ec 3,306

X

Weight comparisons for the inlet configuration trade

! tudy are pregented fn Table 9.5-1. These weights ave
ased on the analytical-statistical weighing equations dis-
“4ussed Lh Seetion 3.5. ‘The following assumptions were usgd

in the anatysis:

1.

‘considered 1n the weight ‘calculations .

Half-Axisymietric Fixed-Spike Inlet - This
inlet has a capture area of 1020 sq.in.
&llowances include bypass provisions at the
enginé compressor face and spike bleed pro-

vistons.

Half-Axisymmetric Varisble-Diametexr, Doublé~
Cone-Spike Inlét - This inlet. has.a capture
area oF 890 sq in. and -an expanding non-
translating spike with bleed provisions. No
blow-1in doors ov bypass provisiogs are con-
sidered in the weight calculations.

“Pwo-Dimevisional Variable-Ramp Inlet - This

inlet hag & capture area of 841 sq in. and
an expanding ramp with tileed ‘provisions.
No blow-in doors or bypass provisions are
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Table 9.5-1

INLET TRADE STUDY WEIGRT COMPARISONS

(pounds)
L. __Inlet Degcription
Weight Element Half-Axisymm. | Half-Axisymm. Two-Dimensional
' L Fixed-Spike Varisble-Spike | Variable-Ramp
‘Fuselage ) . =
Duct Provisions 114 110 113 2
_‘Wetted Area. Change 8 3 2 -
. Air Induction , o ' €
Duct: 409 . 398 &350 =
Spike 89 229 - &
-Bypass 94 - - 4
Variable Ramp - - 145 e
Total Weight 74 740 710 a
" Less: ' : ] -
‘Baseline Dact Provisions. 98 ‘98 98 2
Baseline Duct 322 322 3z2
Weight increasa.’ 294, ~ 320 290




Uy

(

9.6 PROPULSION PERFORMANCE

The propulsion performance data used {in the inlet

trade study are shown in Figure 9.6-1.through 9.6-3. The

{pstalled propulsiocn system thrust, Fyg. and specific fuel
consumption, TSFCS, are presented for each alternate inlet

as a racio to the Fys and TSFCS for the baseline airplane -
{(401B/F100-PW-100). THe baseline propulsion system perfor-
mance is given in Subsection 3.6.7.

. _The data: shown in Figuves 9.6-1 through 9.6-3 @ccount
for the same installation effects as the baseline data
except: for the inlet pressure recoveries and inlet spillage
drags. Inlet recoveries and spillage drdgs are given in
Section 9.4, The rvemainder of the installation effects °
taken fnto account are given in Section 3.6+

5
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. Therefore, the basie 4-percent.t/c was reteined.:]

V)

be relatively valid. ‘A summary of these rasults in terus of
‘atrplane. gross weight (less external fuel tanks) reguired.

.4D1B (see Section 6) show that the penalty due to higher

selected for the study, A by

-of the totsl fuel at supersonic. speeds,[the t/c trade study(l.4 @
shows that thicker wings reéduce the required aircraft size. e

SECTIOR 10

OTHER TRADRS AND
CONSIDERATIONS ON 4018

10.1 WING-GEOMRTRY TRADES

- A parametric wing study was conducted prior to. the 88t }]}';—-t;
contracted study to help establish design guidance for the 2 .
#tudy, configuration. [Independent variations were made of &é’lﬂ

wihg loading, aspect ratio, wing sweep, tapér ratio, and (8(6)1'33" i
36’5 X/' /J

thickness/chord ratio from & baseline point of 60-psf wing |14 ,(3,{(93{
loading, 3.0 aspect ratic, 35-degree sweep; 0.2 taper vatiq, ral? &J )
and 4-percent. thickness/chord. Mission combat iules were Sec {5 ¢ £
slightly differeat from the. subsequent study rules (one
acceleraticn. to Mach 1.4, two 360-degree turns at Mach 1.2,
five 360-degree turns at Mach 0.8, Jand missiles expended at
initizl engagement); however, ‘thé™Trends escablished should

to perform the LRASM is.presentsd in Figure 10.1-1,

The most priédominate variable is taper ratio, where the
required alrplane giosa weight increases significantly with
increasing taper ratio. It was concluded that taper ratio.
should be as Iow as prectical, consistent with reasonable
tip-chord thickness. Subsequent studies on confi.guta:i.on

taper ratio can be reduced by using & tapered t/c; however,
the penalty is-st1ll significant ‘and a 0.2 taper ratio was SS%BW 2L,

Since the specified wission uses oaly a small portion (b)(ﬁ)) i

However, since the design intent is to provide an aircraft
with good supersonic maneuverability (Mach 1.0 = 1,6), it
wag conaluded that. the wing should be as thin as practical,
consistent with flutter and aileron reversal congidexations,

Adxcraft size required to perform the missicn is Fela-
tively independent of wing aweep within the sweep range of
30. to 40 degrees. Some penalty is noted at 45 degrees sweep}
also, the higher sweeps are more prone toward aileron .

R I TR, & - TI O p E P,
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‘batween 45 and 60 psf and aspect ratios of

Section 8§, varfous combinations of aspéct ratio and wing

wiag tips. When rounded in & mnner to maintéin equal widg

reversal due to -aeroclastic .effecta. The 35:degree aweep

~

was selected as a reasonable compromise betweén Mach critical

and pitchup considerations.

The two parameters having & large influence on maneuver+, 't

ability are wing loading and aspect ratio, [The trend curves %

of Flgure 10.1-1 show an aspéct ratio of 3.0 to tesult in

the lowest gross weight £or aspect-ratiec variatiocns, and g
decraasing gross weight with increasing wing loading. This.
subject was given further study with the all-aluminum base~.
line case For the composite material trade study on 401B
{Section 8) Sidce the objective of the study was ta

‘mekimize maneuverability (acceleration and turning capabil-

ity), it was_decided to not consider wing loadings higher
than 60 psf. ] Summary results in terms of alrplane grosa

Figure 10.1-2 for parametric ~ariations of[@ing loadings
to 6. Also
shown In the effect of these design parameters on turn rat
(Mach 0.8 at 30,000 £t) and time to accelerate (Mach 0.9 t
1.5 at 30,000 fc) As-ahown in the performance data: of

weights reqiired to perform zhe LRASY are iégaenced in

i
Eodiquic

D 6)

JE 4 Vfab@}

loading result fn & tradeoff of acceleration vergus sus-
tained tuining performance. The combination of an aspect
ratio-of 3.0 and a wing loading of: 60-psf provides the
lcweat-gross~waight airplane and the best acceleratiod
capability. Lawer wing Ioadings and slightly higher aspect
ratios will provide incréased subsonic sustained turn rates

but at the expense of acceleration capability and other

supersopic-yelated parformance such &s maximum speed in
{ntermediate poweér] Until complete energy-maneuverability
plots, incliding maxinum maneuver diagrams, are completed

for several potential alpact-:atlolwing-loading combination:
(to.display the differences over the whole maneuvering
spectruin) 4t wes decided tolEelect the aspect ratlo of 3.0

and the wing loading of 60 psf for the basic stude] ST

The only other wing variation considered was rounded

area the aspect ratio is incressed from 3.0 to 3.2 with very
little dry-weight peralty. Previous studiss have showa im-
proved minimum deag and &ileron effectiveness due to tip
rounding and drag polar due to aspect ratin ‘Inevesase,
Therefore, the rounded tip design was lacorporated in the
basic wing designs of this study (see Section 3.3).

» 58L
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(This Page 1s-UNCLASSIFIED)

10.2 'SELF-SEALING FUEL TANK TRADE

The tradeoff of the Lopg- -Range Air-Superiority Mission
(LRASM) radius with percentage of total interndl fuel in
self-sealing Fuel tanks, presented in Figure 10.2:1, fllus-
trates the effects of design disclpline, An arbitrary
iequirément for 100 percent of the internal fuel to be in
self-sealing canks would result in an. 88-n.mi-radius Loss

for Configuration 401B when ‘compared to its: radius: capability.

with no- gelf-sealing tanks., It 18 questionable if such a
reqpitement is Justxfiablc, since the frequency of being hit

‘at the start of combat, when ‘the tanks are full, Ls expected

to be quite low. It wuuld be assumed that the main concern.
afcer suffering damage is to returd to friendly territory.
The problém is to determine the amount of fuel that should
bé protectad in self-sedling tanks. A reasonable criterion
would appear to be.the capability to fly at least 300 n.mi
after being hit to retusn to Eriendly territory. Pér Con-
figuration 401B, this would require approximacely 750 Ib of
fuel. The rad;us loss for providing self-sealing tanks for
this quantity of fuel is 23 n.mi. The radius loss for having
all fuselage Fuel in seli-sealing tanks is 54 n.mi, which is
34 n.mi less than the loss with 100 percent intercal fuel

protection.

e .

(This Pags 1§ UNCLASSIFIED)
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- {18,800-Lb A/P W/0 Tanks)

|

“FUEL. IN SELF
‘TOTAL FUEL, SEALING TANKS % TOTAL. BOW LRASM
LB LB FUEL LB BADIUS, N.MI.
3,981 3,981 100 12,186 652
4,060. 2,264 55.8 12,107 686
4,133 750 18.1 12,034 717
4,185 0 ) 11,982 " 740
- .
[+
- 100 S
A
601 % FUSELAGE FUEL. ONLY
% FUEL . \ )
m SELF 40 -.‘. . ;—a;. ’
SEALING .\ rFuEL Req'D FoR
TANKS '\ 300-N.MI. CRUISE
209 --——ig (750 LR)
AT
0 dos . \ |
"~ 600 700 800 . 500

LRASM RADIUS, N.MI,

5y Figure 10.21 Configuration 401B Selfsesling Fuel-Tatk Trade (I)

wv-es . sime . [T -
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