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(S) Figure 3.4-24 Dynamic Directional Stability and 
'. i Lateral Control Spin Parameter (U) 
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(This Page ls Unclassified 

3 , 5 

35 l 

structures 

structural 

AND weights 

Detiin· rationale 

(U) considerable emphasis has been given to the structural 
design during the development of the study· configuration 
One of the 'key features of the configuration ..is an expanded 
wing-root section which provides the following effects: 
(I) a reduction of axial forces due to bending awsa result 
.of the deeper section; (2) the elimination of potential 
aileron reversal and other dynamic problems because of the 
stiffer wing (3) a reduction of structural weight and (4) 
an increase in ·fuel capacity 

(U) Other structural design features include the following 

l. relatively deep fuselage rings that provide 
load paths for the wing carry-through moment 
and permit control system routing through ·the 
frames Spar -caps areattached direct ..tly to 
these frames for continuity of the basic wing.
load paths. · 

2. Mainlanding gearstowage forward of .the. basic 
wing box that permits minimum interruption of 
the basic· wing load,· paths. 

3 •. 
.• 

-A relatively deep mid-fuselage that provides
for minimum longeron area requirements 

l.. A twin-vertical-tail/aft-fuselage 
configuration that minimizes 
and acoustical problems 

engine heating 

:5. A relatively low-aspect-ratio wing. that rew 
sults in a reduced wing bending moment because 
of the shorter span 

6·. ·Ii relatively low-taper ratio wing that' results 
in a long root chord which distributes the
wing root forces to- several ring bulkheads ta 
provide a multi load path. structure · 

7 engine removal from the 1;1ft end of the air 
plane that permits a fixed structure, there 
by maintaining continuity of load paths. 
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8. ·A 6-percent thickness-to-chord ratio at the 
roots of the vertical and horizontal tails 
and a, 4-percent ratio at the tips thatpro 
vide better stiffness characteristics than 
·a constant thickness-to-chord ratio 

1 

.(U-) . These features have evolved through many trade.- studied 
and illustrate to some extent ·the impact of structural de 
design and analysis and the ·study configurations 

•5 .-2 ·Weight and balance3 

(_U) the weights .for configuration 401`Bwere calculated 
through the use of analytical-statistical methods developed 
over several yearsunder corporate-sponsored independent 
Research. and Development IRAD programs. These methods 
documented in convair Aerospace division reports ERR FW-242 
aircraft structural weightestimating methods reference 
-16 )., ·and ERR FW 613 Aircraft Propulsion and Fixed Equip 
ment weight estimating methods reference 17), Thesere 
ports are or file: at ASD for- reference purposes The de 
tailed weight analysesare not presented as a part of this 
technical report .because the detailed weight calculations 
.as defined in· the ERR FW 242- and ERR FW 613 reports are 
quite voluminous in nature theseHowever, -calculations 
are available for review. 

(S)Threegross weights were selected for \ growth study 
on configuration 401B The points selected for study and 
'the various .gross-weight conditions (in pounds) for each 

are- as follows: .oint

RASM ·. 80% Fuel '· LRASM Ferry Mission 
. IQ!aL Struct DGW -Overload GW. overload .GW 

15600 14920 2043B .. 25800 
16800· 15960 21638. 27000 
18000 17000 23838 28200 

Input data fat ·the weigth equations were derived from 
the scaling data presented in section 3. l .together with . 
layouts as required ·to develop specific area and dimensional 
data considerable emphasis was given to •th.fl. definition of 
weighing paremeters to assure the validity of the resulting 
growthth ·. curve for the. three select ted air·.A weight: summary for 

planes is presented in Table 3.5.1 It. should ·be noted 
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Table J ,5-1 weigth summary configuration 
· 401B growth study pounds '(U) 

airplane size 
( gross weightitem 

. . . . 15,600 16 .800 18-000 
5744 Struct:ure (5133) 5426 ·.·

wing ... 1443 1576 -1716 

, 

2666 ·Fuselage- 2485 2572
346 .382. horizontal Tail. 3:18'

292 316 344 vertical tail 
636 landing gear 616

3530 3603 propulsion Sy.stem (3459.)
2737 2737 engine F100-PW 100 :27.37
296 322 349 Air induction . 421 467'Fuel System 377·

22 22 Engine Controls 21 
28 starting System 28 28

(2699) 2751 (1804)systems andequipment 566 · 593 621 -Surface controls 
118 LandingGear controls 112 115 ·94instruments · 94. 94 118, 94,286 Hydraulics and Pneumatics 271 

370· 376 electrical 363:
460 460 . avionics 460

. 238 238 furnishings 238·
,142 142 Air Conditioning 142.

·453. 453 453 · Armament 

 302 

12,151 weight empty 11,291 11,707
(400) 405 useful load 395

loo -200 200 crew 28 unusable fuel 18 23
17 17 , :~ngine Oil . -17 

124 124 Missile Racks and Pylons 124 
36 Miscellaneous . 3636 

. 12,107 12,556 Basic Operating Weight 11,686 
. 633 (633-) 633Payload 

Ammo _(S00 · rounds) 285 28S 285 . 348 Missiles (2') · 348 348,

12,740 13,189 Zero -Fuel Weigth 12 319
4060 4811 Fuel 3281

15,600 16,800 . 18 000 Gross Weight 
.. 
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that the fixed-inlet structure has been coded as air-induc 
tion .weight· under propulsion system Since this structure 
is an integral part of the fuselage It performs the duel 
function of resisting inle pressure loads together with 
resistting the bas ic body loads. A :plot of weigth variation 
versus mission design weight is shown in Figure 3 .5 1 The 
center-of-gravity and inertia properties are summarized be 
low for the ·16 800 SRASM- pound-gross-weight configuration 

Basic 
operating Zero Gross 

Properties- ·weight_ Fuel Weigth Weight 
. 

Weight lb 12,107 12,740 16,800 

Horiz CG (% MAC) 23.9 23.2 20.5 
l 4932. 5701 6727 
xx 

30,130 30,515 31,8861yy 

Izz 32,988 34,058 36,226 

(S).T.be. maximum overload condition is defined by the ferry 
mission requirements. -A weight summary for the LRASMand 
the Ferry mission fer· the 16,800 pound-designgross-weight 
configuration is shown in Table '3 5-2 A center .o.f gravity 
summary for theseconditions is asfollows : 

Ferry Mission . 
Weight C G ,· 

Itim lb I {%. MAC)

Basic-.. Operating Weight 21.5 13,797 21.5 
Zero F.uel Waight· 20.9 14,082 20.5 
Weightweigth 19.9 ·27 ,'000 •.2.0.• 7 

When sized to meet LRASM requirements the design gross 
weight of configuration 401B is 17115 pounds there ,is no 
significant center-of-gravity difference between the 16,800 
poundconfiguration and the. 17,115 pound configuration. A 
-weight summary for this configuration is given in table · 
·3 •5-3 •. 
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(S)Table 3.5-2 weight summary: 
Configuration 401B LRASM AND Ferry Mission -(U.)

(pounds) 

16,800 b·.. Airplane 
LRASM Ferry Mission 

Item Weight Weight 

weight empty 11, 707 11,707 
1,248 2,090.Useful Load 

200 200crew 23 23unusable Fuel-Internal
engine Oil .. 17 17 

Missi le Racks & Pylons 124 
Miscellaneous 36 36 
(-2) 300€.Gal Tanks 848 --.

308· .(t) 150-Gal tank 
1,506(2) 600-Gal Tanks 

12,955 13,797Basic Operating Weigth 
Payload d 633 285 
Ammo 285(500 rounds) 285 

348(2) AIM 9--X. 

13,588 .14,082Ze1'o· Fuel Weight 
·Fuel 8,050 12,918 

Internal 4,060 4,060 
External 
(2) 300-Gali. Tanks 3,990 
{l) 150-Gal •.tank 1,016

7,842(2) 600-Gal Tanks 

Gross Weigh 21,638 27,000 
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(S) Table 3.-5 3 weight summary configuration 401B 

. sized to MEET LRASM ·requirements (U)
pounds 

Weight 
. 5510structure 1612

wing 2600fuselage 355horizontal tail 322
vertical tail 621landing Gear 

3548propulsion system 
2737engine (F-100-PW 100) 328Air induction · 

-·Fuel system 433 
22engine controls 28 ..starting system 

sy stems: and equipment 2766 
601surface controls 116.landing gear controls -94·

instruments 
290hydraulics and pneumatics 
372electrical .460'avionics 
238furnishings 142air conditioning system 
453Armament 

11,824Weight 

401Useful· load 
200. crew 24unuseable fuel

Engine oil . 17 
124. missile racks and pylons ·36·

miscellaneous 

12,225basic operating weight 

·(633)payload
·, ·285.r\iinlo 500 rounds 

missiles (2) 348 

12,858Zero Fuel weight 
4,257-Fuel 

17,115 
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3.6 Propulsion 401B/F100-PW-100) 

{U) Th engine installed in Configuration 401B is essen.;· 
tially the F100-PW-100. certain accessories and attachments 
unique to the· F-15airplane installation are deioted, The
Pratt & Whitney Aircraft designation for .this study deriva 
tive engine is JTF22A-27 Reference 18). In. this :report i:he 
engine will be referred to as the Fl00-PW.-100. Engine per 
formance .data are furnished by P&WA ln their: customer com 
puter deck CCD. 1025 reference 19) •. A more recent deck was 
receive.d ·on April 1971 ·from P&WA However, time•did not 
permit revision of the installed-propulsion-system perfor 
mance data package. The fuel control schedule selected for 
the engine performance data presented tn this report ls that 
which provides near-optimum engine thrust during afterburn 
ing (Reference 20 ). but exhibits an: undesirable airflow 
schedule at some flight conditions A brief investigation
showed thatpropulsion performance datafrom the new deck 
'for. the F100-PW-100 design airflow are different from those 
contained ln this report only at altitudes above 50,000 feet 
maximum thrust. reduction of..25% occurs. at low supersonic 
Mach numbers , Perperformance·below. intermediate power is not 
affected. 

(U) The engine is- located in the .aircraft aft fuselage 
with primary air flow supplied by a single. open-nose inlet· 
located under the forward fuselage A full description of 
the inlet is given in 'subsec tion 3 6., 2. 

(U) the exhaust nozzle is. :the F100 engine balanced-beam 
nozzle BBN , which is exposed aft of: the ccustomercon-
nect.. The nozzle exhaust area Varies sl.ightly during non-
after burning operation and is, fully modulating from minimum 
to maximum after burning. At Mach number below about 1.1 
the nozzle area ratio is approximately 1.3 At about Mach 
1.1 the nozzle exit area is shifted. open to give· an in 
crease area ratio approximately 1.6 at. higher· Mach. numbers 
This increased area ratio is referred .t o as high gear"
A more. detailed description of, and .data for, the nozzle is 
given in subsection 3 ,6.3 · 

(U) A smallamount of. ventilation air flows through the 
nacelle. The drag for nacelle ventilation is not ·included 
:in the engine performance data but is accounted for in the 
airplane drag see subsection 3.6.4 
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High Pressure air is b led from the high-pres sure-com-(U) 
pressor discharge port provided on the engine .fo operation 
of the enviromental control system. shaft power · is ] 
tracted from the high-pressure-compressor rotor · 'o generate 

e lectrical and hydraulic power for the airplane, 

3.·6. 1 Propulsion system performance 

(U) The ins talled thrust t specific fuel consumpt ion · (TSFCS.) 
and propulsion net thrust (FNs) of the F100-PW-1 0 are 
plotted in figures 3.. 6-1 through 3.6-14 The da. ta shown 
comprise a. complete .package needed for airplane nergy · 
maneuverability analysis .. · The. installed net thr st presented 
F.Ns., accounts .for all drag changes that occur wi thpower 
setting changes., The installed net thrust is de· ined as· 
follows: · 

where.: 

is the installed net thrust of the propulsion 
system for aircraft performance an lysis.. 

is· :the CCD 1025-.1. l computer progr m net 
thrust which accounts for (1.) inlet pressure 
recovery (see subsection 3.6.2 (2) shaft 
power extraction and high-pressure compressor 
airbleed .(see ·subsection 3. 6. 5) ,. a d (3) ex
haust. nozzle· internal performance contained 
in. :P&WA CC'D 1025-0 1). 

is. the inlet spillage. drag which: ccounts· .for 
the· inlet drag when capture -area r tios are 
other ·than 1,-0. {sea subsection ·3 .6 2), 

accounts for drag changes associatedd with 
power setting when the nozzle is. a. ·other ·than 
.the maximum open posi.tion (se.e Sub ection ..3·. 6 .3).• 

Therefore, airplane .drag levels used in. conjunct on with the 
installed thrust•. FNs I are for the inlet operatti g ·at. a 
capture area ratio of 1.0 and .the engine exhaust nozzle in. 
the maximum open high gear") position •. 
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CONflDENTfAL. 

The thl'llB~ s ~~ifie ·fue.t. consumpJ:ion, 'rS.FC~.. iii the . 
ratio af the in!lltaUe.~ ~otal ~~- f-iow ,a_od insta1led·pr:opul-
~1.on sy11tB111. net ·chn:isr, FNs-~ · · · · ·· ... 

(U) At Mach .1.l tbe p-.irf,>~ttce· ~ib~t~ a .~Ugh_t;_ dlscontl-
•nui"ty. °'thi~ ~f"fect :t.i;.-from t~e .~h-ift in ttie· exhiusi: 11oza-le 
o_P.e~ti~g mOde-1. de~crlbed eul_iers from th~ ic;,w.. ~-_the. ~lgh-
4re",-rad.a 1110de of :qpe.i.-ation (l~w gear ~~ higq gear) above. 
Mach· 1.1. 

I. 
In- ~h~ ·~at,i Qi.1rv•11" of :l!'-ipte 3;·6.;·7, ncite .t:ne s.haded

areas· .~e~"in.ed a_s· •.,11timated CV! ·Shift A~eall_, 'fhis va'diition 
in performilncef at the "low exno11t.•nt1il111le _p~e.11ux-e :n·t·.lo~ ~ 
~.b.t•:l.necl 'f,:!J!D ~e· engine c.omp!.!,t~~ -~k;; ~l!,e ~fected para
mat"e~ 1, CVP ·(eihiJu.ii-t nozzle lntetnal .~ost;..dml.1t ·coeffi• 
c:Let(t) •. The .change ~- .t:;:.YP ta· caus:ed: by ~~ •~P.•Ht~ 4' 
the n~a-ie. ·d·tyerg~nt section when tbs nozrr.-te is l>pei'atllig, at 
_low 1_pressure liatios., . . 

-~ · 3 • .6;~ lnl,e~ · 

-E61- ·The ba.sa.1.1.ne- il:i·leit ¢onf1gurat:1on .1- Qf the:-.fixed-
. ··· l~l!letr.y o~,:nose ._-~ype.t _µi1tiat~y elUp~f.cal in oroas see

tiotJ,. connected -to the _engine face ~y'··a sµbsAD:I.~ du.Qt about 
·4·.05 co_q1reaaqto-£aca ~i-ame4:er1 . ~- 1,,,~gth-i T(\a :t~let and . 
engiue -~_ac;, centerlines· il1'e oftaet approximate.ly ·14·.o .inch!i'• 
oi o·.10 ·t1ma"II· tbe ·a~t · 1ength~ -Tbtf ininiiaum aepuat~ 
·between tbe· l.ll-let .&'1d ~wer:· :M~laa~ surface· iB-1,.9 ine~ 
s_o tljat: tow..enei:gy fuselage bound4rj,~!a;e:i: ;.tr will u.ot -~.e 
_ingeat:ed_ ·bY -the .iple~~ . ~'1e inlet uppen:-U.p leact~ edge 
ts ~eqd~d 10,0 inches ahead· af the l-ow1n::--lip -lcad~g e4ge 
to isolat~· tne :1Dle.i; l\DEDl&.1 -•~k .fr9111 the fuaelagC' boundary 
l;ayer, ·'l:b_e i~let upper~lip ·l,.eadiiig.. ~ge .i, re1•.1;ively sharp 
.to p~odude ·shoc1t :detaabmElnt.abead··.Qf th!! lip, -'l'he. lower· 
lip ~ ll!Qdei.tel-y b'l.un_t· ;o, P+OVi~a ;good itp .aµctio,:i cbUac
:tenstlcii ~nd ~o 1;ed~ intet:aal lip ftOfi ·,ep~ratl:o.n ·at low 
.11paed9- and dtu:i-qg 'h:l,gh•angle--qf•at~~k. opefa~_ion. 'tb.e "J;tp 
bluntn.uss used g1veil aa inte:m·a.1 .a:r=-ea ·c:011,tr:1.ctic>n Rf 4.•0-
pe"ent, -

-fer A ~ilWll\iill •IQO~; of uppe:i: eQN'1;U.P e~~ena;Lo_n -is .wt~cl 
tQ iaol•~~ t~~ in-let 1hock f~ ·.t~ ::6uael,aga bo\1ndarJ ·tayer:·i. 

. tb:!,s m!n$mb1:e1· bnunc1Ar1-llyer buildup on the,.1Dlet aide of · 
~he. upper ,:owl ;ip. A~ &~g~ .a'l_lp.~rs'?Qic-•spe.ed~-, (Magh 1·;9· tD 
l.2.); pi.ode.rati;t °b:DUnd1u~y.~1ayer control in tl.Uf fom :of vor.~· 
gen~1:ator1, ·and/or blee.~ -~•y· b~ .r,q~re~ ii;t the -~l~t th:~•i:._ 
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~ · redu¢~ the shock/bo1.md&ry~layer·!.nd1.lced separation (turbu
lence) to an a~ceptal>1e level fo~ ~qgine/Jnl~~. ~Clfflpatibility. 

. . 

~ The .inle~ .is sized to Jccept maximum.engine..correctt?d 
airflow (227 lbn/eec) at a throa.t ~sch numbet of 0,70 ~ased 
on geometric thro.at t.:r~a. the .resQlti~g inle.t .captur.e area 
ia 740 s<1, in , , wi~h a: t.hroat: area of 7iO sq in. . _._ _ . ·-

(0) . . la.let total pt'eSS\ir~ recovl!ry for Co11figuratio~ 40113/ 
FlOO-PW-100 ts pre11eri.ted in Figure ) . 6•15, 'these data are 
baaed on normlil..:.ab9ek total pressure ·recovery aria subsonic 
duct loi!ses correlated 4s· a function of initial boundary
layer displ~c·emenc ttlickn~u, t'.hrQ4lt Mach ~umber;-, e:icpf.ntion 
angle, area ·ratio (inl.et;-to-exit) i and engine-to-inlet ·off.a. 
set:, Thu method of an&lyats is dot;um~nted in SEG..TR-67 .. l 
(Refe~ence 21). A .J;"e:vifled duct•ofbet losa fa.ctor. ii timed 
tll&t is b1u1ed on e:x;pcrilnent:al da.ta. reported ln kFFI>L•TR.;..69~ 
21 (Reference 22) and recent ,Convai~ Aerospace teat:a (Proj11ct 
Ta.iloio;.MAt:e, Re:ferenc.e 23). 

·The takeoff and ld:w-speed inlet tot4l. p.raaitute ,rtacpvety 
is prueDted in Flguri l ..6-16. The method of. analyais 18 
from s.~•TR-:-61~1 in whi!!h takeof'f and low-111peet1 preaaura 
rec~very .are correbted i~ t.eima of~• lip~bluntneu p.a2:a- . 
mtitet and. 1nu flow ratio, No au:id.U ,a::y inlets &t'e iu1U111ed •. 

. (iJ) Predicted inlet apillage drag d1~11 are ·plotted in 
11gure 3,6:..1?, These dat:a are b1111tid on op•tN\OU inla.t 
additive dr,1.g·anc! the. lip 11uetlon ,cMr1cterht:ic1 plotted 
1n Figure 3 ,6-18. The technique for: pi;-edicii:ina lip. iucdtm 1 
reported in lteferenc!il 24 U!i8:J. iaolatc,d inlet-cowl i'i)odol. .tHt 
d•t• •• a badu and presen~a cowl afftcieney in tem.111 of · 
c~l laading-edg1 radiu, ~ 1.ri:t.tid i:owl al0pc, •~ternal cam.. 
ber, Mach number, and level of a.dditiva drag, P1ct0r1 &re. i 

, . incrlude.d to ~ocO\lnt fr:>r non,-~xi•y=uatr~c g•~,ttz:1••,,, 
! 
j 
r 3 , 6 ,3 Ninri1\e 

i l 
l 
I (U) Thi adeoted nonie ls th11 l,61/l, i bd1&t'tCt~b11ffl ocn• 

figu:r&tton, whtoh _b the priiu.ry optiQ\'\ Qff11.•1111d fer: tl-.ii ·I ena1ne by FWA, Thia ia a non-ajcceor, con~argent/dtvs~a1nt 
, .. tI nozzle 1 having moda1 of operation 11 1hown in th• Jigur• 

,. 1113,.6•l9 1ketch, Tho 111;6_ .r~f1u:11 to tht1 internal exp~nlliiJn .. 
I A;r:ea rat:io wh&li the noulii it! in. tha ~ida-()plll'i postt!.cn ltt!d
' thtt.:111,111. c.orreilpond• to thh .araa.-ra.t10 wti:h the noula . in 

the minimum-area pouitie>n, 
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(IJ) A pre~sure d~ig analysis. was liiad11: .of: the npz~le t!),; neh 
mode. of i;>p~rl!-.tion :. ~ha .estimated drags are sh~~ .in Figures 
l ..ij ~20. through. 3·. ~ ..-23'. The. nomil')s.'1 ,v..afoes of .ex.ft d:i.&01e~er 
.for mu.dmum• aug111entation !'lnii ·fot d.ry pot.l'e·r are show in" · 
Figure. 3.6·-19, '.t'heH ·v4tues are; used .£or es:t;;t.mat1ng the 
ao~zle dr41g-. Also shown in Figure 3·.6•·19 £11 tbe baseline 
no;izle diameter ~sed· to ·derive· the basd.it:u~ npzzle drag. . 
.sli'own ·1.n Ugure: 3,'6-20, The ba,eliue configuration is ·the· 
same as tlie .m•xit!iwa au~l'ted•·PQlk~r.. c~~fl~raHon at Mach 
l, l and above ('re.ferred ·to ei 11h1.gh 8'•r"). ').'h.e· baae.li~e 1 
noc:r.le tn:e11ure ratio is: ahmm· in F:lgu~e ·3·;6~~: · 

. . . . . ...,_. 

{U) The ·bueline nozzl,e drag. is influde.d .in the .airplaae 
~ra:g data., and an')" increment in tioule. drag .cause.d. by .cha1,1g~ 
ittg engine power s~·tting, from t:he bas eli~~ • appeaz:s J,o •thi,,, 
pr.opuls.ion· da.ta.. The m4ximum augment:at.ion noliile drags• sho~ 
1n Figur.e J.-.6~2:l are included in the· prppuls-iott data and ~-re 
·actµally r:h~r .inere-111,ept in .d,rs:g between ·)>a~el4ne and ~he true , 
op~ri.tti.~g c: 01:1dtHona {nozzle pressure rat:J.o and nozzle. geo
l!W-tfy). . Ti.is il'!erement ·ls z~o ·a:t "!'ach 1. :i, •n4 a~9.v.e ..si~ce 
the .~sei.il'le r~fi.l!!c~s l:l)e t:·r.ue op.era.ting ge.~ry .and also 
is .n~t influe'1ce,d ·by .~l}.i.~gii;i~ no:i.~1e.· .p:w:ess\ire. rat:io, 

(U) The ch'.Y••powe~ nozzle. drag~; inclu4ed in the! propulsion. 
datll are p:i.-eaented, ui 'Figures· 3 .-6.-22 atid -.23. .'these data: 
are ;l:ncreroen~.s .f;rQm ~he hseline .~ ·de:Sj::~ibed above, 

(!J) Thes:e data., reflecting the specifii'l. installation, 'l.(ere. 
1,1sed for l;:he veh;l.c.le .performance .anal.yd' 2:ather thiln th.a 
uninstalled:-q.ozzle d2;ag .data ·ptovidBd in the engine pedor•. 
mance ,da!=.a• dee.~.• cm, 102.~. • 

'3-, 6.. 4 Au~iliary· Ail'. 

~ti) . The ;audtiary,'rlr system a.e~~~ .pni.y ·to ventilate th~· 
nacelle and prevep.t ~he accuniulati-orr. of 'flama~le fluids and 
vapor.s, The ·,y.a~em consist:s of· a. forwardpme>u~t:~d flush i~l.,et 
(near the ~ng:l.ne :f1:ont::"!'fX'llnie.) s.nd .aftpmo:1,1nted. flush exits 
(near t.be nozzle cus.tomer~connect)., 9nly a IUl!&ll' quao_tity of 
air ie req~ired to fulflll th~ aytt~m function «nd ..the drag, 
penalty is est;i111at~d .to. bi: 2; S ·eQJJµts (~~0-isq fi: :i;-e·f~re~ce 
are.a). .. 

· .. 3,..6,S ~l1aft .Pow~r and C0111_Preijaor Bleed Extr.action·· 

(U)' "l'Owe,r {s exttacted through. the. engine ·gear•:box power• 
take"!'o'ff shaft.to ·drive the aiqi1ane electric·generatot and 

.. 192·I 

I 

-------------·--·······................................ _ ........-....... ____ .. .,...._......-............. ____._.,................................... _.....__,.. ___ -----............_ 
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r 
hydrau.Uc pump1r. An .estimated value of the total power ex
~r•~tion is 70 hp,. The installed propuldon system pe~~O.t"• 
mance dat.a a,;:c::ouiltt1 for ·70 hp at dl £iight ctmditt.cns an.d .~ 
power aettin$a; · 

.11!.g~-pressure: bl.e~d air ts extracte4 from. the c0111p~~119r !
discharge· fot ·op~rating: the environ!ll~mtal- c.ont;o], sy.s.tens-. In ,· 
flight.,. the· 'f>l.e.ed· a;tr;.;flQw i:.ate is appr.o~d.ll!at:dy o,·4 lbl!l/sec. 
Th!iJ ins~a:ll~d· ptopuisi<ll'I system performance data accountii' 

. ; ·to·t ·0.4 lbm/sec at; all flight· .condition, aM pow~~ s.~ttingi;i • 
•·. 
:.(U)· l>w;ing .ground operation (a;.rplane weight ·resting .on the 

landi~g ge~rh a awt"tch on. the· landing ge·ar· provides." signals 
t0 valves that .!ij.1;ec.t tho f-l~~ ~f high:.pHHu:i:e ·bleed II.it' ttS i 

•Jaddit.ional eyst•ms sue~ a~-:nacelle-vendiatlon and oU,-co.~le~ 
,.ejec~ars. The total ai:t!flow ·fc,.r. weight•i;:u:i-ge,-r operatio11 ts 

j1U:iqlate4 to be aboµt ·1.20 J;bm/s~ ~or. the· airplane. The 
·1n1~1ll~.d takeoft" thrust and fuel flow· are corrected. for· ' ' 
this. weight-on"'.'gear bleed flow ·rate. l· 

!; 
! .. 
'· 
; 
i 
I 
I 
I· 
I, 

I 
i 

i 
I 

.t 
l 
l 

·-
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4.·.l VEHlCU: DESIGN 

Ii). ·-:eh:1s· aubse.ctii;,n. a <lescdpUon is presented of" tiie 
'I ,small single..engine :concept, a brief· expl-.ation t,a -giv~n
l of :tbe·overaJi confi1¢.ratio~-ratton.a1e. and the -coofigura
r :i;ion growt1' d_~t& that wer" generated for. aircraft dti(lg 

purpcise,s ai:'e. &Ulllg!4t:ized-.,
{ J 
; 
; ·,' 1 "4.l.1 Vehicle Desc~l11ticn 

l 
t -tsf- ,~h.e. .s1U.ll·si:ngle-engine £J11ht~r conaept (Oonce:pt 2"h 
j ·des:t.gna:t:~d Configuration ,403.., ts present~d ln Ftgurea ,4_, i-1I. and· :4-."1-2, ~hioh show tne· generai a.rdngement an4 baa-ic 
J 

.lI,n~~ 4r.range111~·t: respectLveiy. 'this dedgri .was devel.opedl. as, one of a family o~· tb~_e"e config11rat~0.,_s g~t\erate~ .to 
l• -es_t~bluh g:row_th ·r;tata. for. .the ai_rp1ane powe~ed by -the smaU 

G~l..S••l/.JlA'- engii:),e (USAF :de.signatlori Jl0l-GE•l00),f. 
! --tSr- CQ~#gur~tion ·4Q3" is enentially t~e. sam_e ail the Con-

figuration 401B -concept (see -Subsection .3. Ll) excep_t f!>~ 

1. 
f ita. acai_ed•dowti" .size· and 1:"banges ln ·s_cme int;e:i:nd ret~Uo11-

_{ shipa whi,cb result .frC>il\ the vad-at.i.on- in •ng1ne-to-airplaiie 
; . prop:c,r"tions broughi: about :by ·the engine di.fte-,;-e~ces, Thek 

·403 desig~ shown ..in r-1.gu~es "4.1,-1 and· lt-.~1--2 has a g_rqas 
weight of 13,000 po°"_ds(i wing loading -of _60 pd-1 aitd ·a 
thrust-to•we:!.ghc ratio of l.'01 {i.lrtinatalle~

.,i 
Since .ao aircraft: could. not be p;-ope:i:ly :sized. for ~heI: d~sign- inbdon __in· this ca1(e1 an. exampl.cf 403· type_ at the 

1~ jOO.O-lb !Bi?_sioo weight: :1,11 pi-esented. Further explana.• 
t_t·on ·concernipg ·a:treraft ·ai;,:ing iB giverJ, in. t;be per£0-.11ce·..f cmicuaai,on gf Subsection 4,,2,

l 
4 .1.J D"e11f,g~ R_atJonale 

. ~- ·f. . ,. ! -(U) 'the ,::a:tion&le ·for -Oonfigur4ti-on -403. l.s .t~ ·sali!_e _as .ttiat 
! 

.,··I· of the· 401:s· concep_t (se.e··~u}11i~ct:ion 3~1.2)., . 

t 
~ 

...
·1 
{ ..·1 
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4. ~ ,.3 Gtowtb Dll.t/J.. 

f {0) Th~ ll,ircraf~ sJdng app~•cb :ta, outlined· and the design. 
d11ta. developed ·far· t:ti.e g~cwth s::udy. a~e summadz·ed tn the 
following par-agr:aphrL . . 

l 'l'.hre!) aa·t.a poi:J'ts we.te i-'veistiga~ed t<i ituppiy t.he ne~
l!s·suy des.ign' informat.~on ·to den.1c;,p the _:growth c_u,;,yes • ~-

,: . cotaplete layout w-.s ma4e. of· the. 4Q3 c0E1figura.tiop (lJ ,.ooo~ 
lb 'lllill$J~on ·~elgpt).• whfoh ·serve.d as a focal poin'.t o.f the 
gr_~tll -family. A smdL- 10.,000-pcund· configur~t~i?n: layout 
was 11ls~ de.v~l,C!pad altjng. with .a, 16,.800~:po.\!n_d ·design that. 

.. wa9. defined by- 11\Pdifi~atJ_on: cf· th·e orig-J;nal 401B configura
tion to· a sm·all-engino· version. A .£atnli;,· o~ drplicte dat_a 
was t;hµi• gen~~a~ed fo. wh~h th!? data. from the. two layouts
and tf-!e-modlfied 40iB inforiuaticn·were..ui:ilized to p:~ovide 
growth data_·t:urvea fo:r the grr.,s~-,wdght. i;a~ge ;rom_ l0,000 
po~nds to l6,BQ,0 pou,~c:ls. We_ight; ·e.:nd balance cons1dera"t1on&i 1. 

and internal ·fuel -t.equirem~tita .fo~ this w:i~e:r c-ang;r;, .of grgss 
weight c.Ol!lbin~d. ·1:0 alter t:he fus1;1J;age scaling factors. from 
tb.~se u.t1,lu.ed ln i:he o"rigiil_al 401B Btowth,. study. However~ 

·r ' V·il:·tually all other scaling pare.meters s·uch !lS -~u·rfac.e are.a 
rat;f.t1S-. t_a:il vo.ti,Jme coef.~ident:s.., aspect rat::l,os, taper
;:.ati.os, etc·,·,. remained intact.. ?he ba·sic landJ.ag g!!ar 
dimHsioris· ahd ti~c· si::es w:ere· vari!!d. ·for .tb.e 11U1tn ·gear· but 
r~malned ~µe .aa111e -for the nose gear. 

(U) 'th~ vadat.fon of ~irp.lane. wett:ed arei llitb &irpi.ane. 
3i,ze. (misai,o~ weight) is shown 1.n ·r1gure 4-.1-3. A breakout 
of weti:ei:l. area v•~-i;~ .111iss-iori we.i..gh:: for t:he. v•r.ious ii;a.j.ot 
~i_rplane: co111ponea:ts· i1r. gfven ~. ~isure 4;;1-4. T~e varia,-. 
i;foq ot· several lt~Y' coqfJ,guration cha:rac_te·ristf.c"- dimenaio.1111 
ta plotted ~s- a. function of mission :weight in ngurH -4 ,}-.S 
and 4.1-6 ior cha fqs~lage •,!!ncl s11r_f4c;:_e.s, tespectiv~ly, In·. 
F_.f,gures- 4_,.1•7 thro~g~ 4.1«12, da_t• sh~~ts .are present::ed .on.· 
which "friction drlig d.esign '1~t4 &Jld ·}!uic gc.0111e,"td.c, des~ril'
ti1;,ns. are '!:«b\Jlat~d _fot: -,ll;irp1&:nes at each of the th~ee 
s_el_ected ·g~oss-wa~ght ·data .pcli:1.ts. /\ n·orm!ll-.a~.a dJs.crl':' 
hudon curve and fuel disttibution plot· a.re presente,d for . 
t:he °4Q3. ~0n:f~guta~ioi:, (13.,000-lb ioisa~Dll weisht)- in Fi~ras. 
4,l•U and. 4.-1-14 1 reap·ectivel.y. · · 
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IT-II · 2 . 
FUSELi\Ci&· C'iPTR&oo.J * 

•. 
.d:U~,.~ 0. O· D 

~;,.;.... ., ·o..~.. boJ..- ."1.'fl- :~ ·'I?_,,"} .. + :aA... ·~ 

ti ..~... ,.., '· , ,,_~· 0 . ··A.s.o .r,, ·.4~'1,l) 
I 

.. 
.. . . . 

... 

.~ 4·1•·••1·U, i II&- lu.&11t.· ·-,.,.,~ .ht .o~ tos..~t•~) . 
. 'WiNG REF AR,F.A {IN,!;) j .......·- -•·~ -~ .r.,;,.i 11!klc.~'5W('oc~.

J JI 
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SURFA~ J, 
U\"t.11! '''--•··-·· ,,...,~ ·~11:l-• 

AREA. cn·2) ·2-1'-,£."f · Gtlt-:u...· 1'7 ;_~ . ~·.ct·n 
·Pi{ - ... :.ao1>...,, .,..,'PTO '.3,00 ·3. .-4j I·,?·; n.-;77,,;· 

?,. ·._ ;,.uiDD -il.oi•~Tn n•.7.o. ·o, 1i·1A O·,® l'i....:,:!.,4 

pzj~ei.(t) 
·E!s +ss• +uo· +A,'5'0 · .i 45 ~· 
£:i..-. -Ho.0 411 +.1011JJ' ~,q•.-a.~ ·"'-:•qi~•n.\ 

.Q..• .CUTOIJT =1f~~ 
1.~11. - ROOT CHORD (I!t. ) J(,'t ,qr;7 . \IO,%'i. (,,7.,'J,I.-.' ·al .4.,-.Li 

l"'T - TIJ:'·· CHORD ,(IN. l ·,t'-1~ Jii,.Z7.Cl Z:4,,4U ~.t.'11:i 
b - SPA~ (IN.) ~.~.14t ~1,.·,n. 5:8,0S& ·12.-,s, 

.·4~. •rtAP·•at-ff-'• ......t t.,•.{.1& ....+ ,~ 
~11\FOIL e,1~oi,1e,;. ~e.J1i,.. , ...,,~ .,,,.. 

~1co,.hl~ll·anuu.-e,ii. · •l!fCDlJJ"" . 

d fl'N· ) 41.s· A4,'5'.!. 0 0 
ll .. fiN i :Z.'.l.it:.·S" . '3R·:5.b a, it,; q :?.•if. 'L 
t_ JIN.) .o·. t> ± 41,t·\ ·±..d.4,'l. 

z (IN l o·: .;, IJ,D ·o. -7,0 
•. . . n• ~ . ;•11r a.. ~- r . ::IL..-

d .. ii.Yerag~ ~i.trl.ed s "'""-"l'p" . · 
x .. ·1>1s·1:ance aft .-from• fus-el4ge .oose ·c;o bOdy ··it01',e oX' aurfacc f•.111clage. 

, !ntaneatl°" f.Oil'lt·, . · · · . · 
Y- ~ D~a,tanCt! out.bd. fron1 fµadag·e. raf, • line to body. :ref, .1.iue. ·or:. vertical. 

surf.a-ca chord line . Cwi: ·:'I ·f•e (a~r-~ lln·~, 
z .. i>is tance l~'I,; .{+) or. dawn• .(- ·) frO\i\.. fuada.se· .re-f·, uh to. body or 

·. s.urface re£.. 1~.i;e.,,. · 
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'iTED·:Af!.~ (FT2) LENGTH {IN) WIDTH· (.IN) KE-ICHT .(-IN) 

~·opy TOTAL 

SURFACES 
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E'lT!o ARu (FT.2>·Mli.c. tENGTli :titss· sm:e-· .Am101L 
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	Structure Bookmarks
	SECRET 
	~ 91" Attack Degrees 
	l . 
	.... 
	11.; 
	(S) Figure 3.4-24 Dynamic Directional Stability and 
	i Lateral Control Spin Parameter (U) . ·I 
	161 
	.SECRET 
	..................................................... .. 
	L 
	. 
	SECRET 
	8. ·A 6-percent thickness-to-chord ratio at the roots of the vertical and horizontal tails and a, 4-percent ratio at the tips thatpro vide better stiffness characteristics than ·a constant thickness-to-chord ratio 
	1 
	.(U-) . These features have evolved through many trade.-studied and illustrate to some extent ·the impact of structural de design and analysis and the ·study configurations 
	•5 .-2 ·Weight and balance3 
	(_U) the weights .for configuration 401`Bwere calculated through the use of analytical-statistical methods developed over several yearsunder corporate-sponsored independent Research. and Development IRAD programs. These methods documented in convair Aerospace division reports ERR FW-242 
	aircraft 
	structural weightestimating methods reference -16 )., ·and ERR FW 613 Aircraft Propulsion and Fixed Equip ment weight estimating methods reference 17), Thesere ports are or file: at ASD for-reference purposes The de tailed weight analysesare not presented as a part of this technical report .because the detailed weight calculations .as defined in· the ERR FW 242-and ERR FW 613 reports are quite voluminous in nature these
	However, -calculations are available for review. 
	(S)Threegross weights were selected for \ growth study on configuration 401B The points selected for study and 'the various .gross-weight conditions (in pounds) for each 
	are-as follows: .
	RASM ·. 80% Fuel '· LRASM Ferry Mission . IQ!aL Struct DGW -Overload GW. overload .GW 
	15600 14920 2043B .. 25800 16800· 15960 21638. 27000 18000 17000 23838 28200 
	Input data fat ·the weigth equations were derived from the scaling data presented in section 3. l .together with . layouts as required ·to develop specific area and dimensional data considerable emphasis was given to •th.fl. definition of weighing paremeters to assure the validity of the resulting growthth ·. curve for the. three select ted air
	·.A weight: summary for planes is presented in Table 3.5.1 It. should ·be noted 
	163 
	Secret 
	I 
	Table J ,5-1 weigth summary configuration · 401B growth study pounds '(U) 
	airplane size ( 
	gross weight
	item 
	. 18 000 
	. . 
	16 .800
	15,600
	. . 
	: 
	(5133) 
	5426 ·.·
	Struct:ure 
	1576
	wing ... 
	1443 
	2485
	·Fuselage
	346
	3:18'
	horizontal Tail. 
	292 
	316
	vertical tail landing gear 
	616
	3530
	(3459.)
	propulsion Sy.stem 
	2737 
	:27.37
	engine F100-PW 100 
	296 
	322
	Air induction 
	421
	. 
	377·
	Fuel System 
	Engine Controls starting System 
	28
	28 
	2751
	(2699)
	systemsandequipment 
	566 · 
	593
	-Surface controls 
	112 
	115
	Gear controls 
	94
	94. and Pneumatics 
	instruments · 
	271 286 
	370·
	electrical 
	460
	460
	avionics , . 
	238
	238·
	furnishings 
	,142
	142.
	Air Conditioning 
	·453. 
	453
	· Armament 
	11,707
	11,291
	weight empty 
	(400)
	395
	useful load 
	-200
	loo
	crew 
	23
	18
	unusable fuel 
	17
	-17 124
	, :~ngine Oil . 
	124 Miscellaneous . 
	Missile Racks and Pylons 
	36
	36 
	. 12,107
	11,686 . 
	Basic Operating Weight 
	633
	(633-)
	Payload 
	28S
	285
	Ammo _(S00 · rounds) 
	. 
	348,
	348 12,740 
	Missiles (2') · 
	12 319
	Zero -Fuel Weigth 
	4060
	3281
	Fuel 
	15,600 
	16,800
	Gross Weight 
	164 
	.SECRET 
	18-000 
	5744 
	-1716 2666 
	.382. 344 636 
	3603 
	2737 
	349 467'
	28 
	(1804)621 118 
	·94
	118, 94, 302 
	376 
	460 
	238 
	142 453 
	12,151 405 
	200 
	28 
	17 124 36 
	12,556 
	633 
	285 
	348 
	13,189 
	4811 
	.. 
	that the fixed-inlet structure has been coded as air-induc tion .weight· under propulsion system Since this structure is an integral part of the fuselage It performs the duel function of resisting inle pressure loads together with resistting the bas ic body loads. A :plot of weigth variation versus mission design weight is shown in Figure 3 .5 The center-of-gravity and inertia properties are summarized be low for the ·16 800 SRASM
	-pound-gross-weight configuration 
	Basic operating Zero Gross Properties-·weight_ Fuel Weigth Weight 
	. 
	Weight lb 12,107 12,740 16,800 
	Horiz CG (% MAC) 23.9 23.2 20.5 
	l 4932. 5701 6727 
	xx 
	30,130 30,515 31,886
	1yy 
	32,988 34,058 36,226 
	(S).T.be. maximum overload condition is defined by the ferry mission requirements. -A weight summary for the LRASMand the Ferry mission fer· the 16,800 pound-designgross-weight configuration is shown in Table '3 5-2 A center .o.f gravity summary for theseconditions is asfollows : 
	Ferry Mission . Weight C G ,· Itim lb {%. MAC)
	I 
	Basic-.. Operating Weight 21.5 13,797 21.5 Zero F.uel Waight· 20.9 14,082 20.5 Weightweigth 19.9 ·27 ,'000 •.2.0.• 7 When sized to meet LRASM requirements the design gross weight of configuration 401B is 17115 pounds there ,is no significant center-of-gravity difference between the 16,800 poundconfiguration and the. 17,115 pound configuration. A 
	-weight summary for this configuration is given in table · ·3 •5-3 •. 
	165 
	.SECRET 
	.. 
	88th ABW/IPI 
	Secret 
	Table 3.5-2 weight summary: Configuration 401B LRASM AND Ferry Mission -(U.)
	(pounds) 
	16,800 b·.. Airplane LRASM Ferry Mission Weight Weight 
	weight empty 
	1,248 2,090
	.Useful Load 
	200 200
	crew unusable Fuel-Internal
	engine Oil .. 17 Missi le Racks & Pylons 124 Miscellaneous 36 
	(-2) 300€.Gal Tanks 848 --.
	308· 
	.(t) 150-Gal tank 
	1,506
	(2) 600-Gal Tanks 
	12,955 13,797
	Basic Operating Weigth Payload d 633 Ammo 
	(500 rounds) 285 
	348
	(2) AIM 9--X. 
	13,588 .14,082
	Ze1'o· Fuel Weight ·Fuel 
	4,060 4,060 
	External (2) 300-Gali. Tanks 3,990 {l) 150-Gal •.tank 
	7,842
	(2) 600-Gal Tanks 
	Gross Weigh 
	Secret 
	88th ABW/IPI 
	SECRET 
	(S) Table 3.-5 3 weight summary configuration 401B . sized to MEET LRASM ·requirements (U)
	pounds 
	Weight 
	structure 
	1612
	wing 
	2600
	fuselage 
	355
	horizontal tail 
	322
	vertical tail 
	621
	landing Gear 
	2737
	328
	Air induction · -·Fuel system 
	22
	engine controls 
	28 
	..starting system sy stems: and equipment 
	601
	116.
	-94·
	instruments 
	290
	372
	.460'
	238
	furnishings 
	142
	air conditioning system 
	453
	11,824
	Weight 
	401
	Useful· load 
	200. 
	crew 
	24
	unuseable fuel
	Engine oil . 
	124. 
	missile racks and pylons miscellaneous 
	12,225
	basic operating weight 
	·(633)
	·, ·285
	.r\iinlo 500 rounds missiles (2) 
	12,858
	Zero Fuel weight 4,257
	-Fuel 17,115 
	SEBRET 
	L 
	3.6 Propulsion 401B/F100-PW-100) 
	{U) Th engine installed in Configuration 401B is essen.;· tially the F100-PW-100. certain accessories and attachments unique to the· F-15airplane installation are deioted, ThePratt & Whitney Aircraft designation for .this study deriva tive engine is JTF22A-27 Reference 18). In. this :report i:he engine will be referred to as the Fl00-PW.-100. Engine per formance .data are furnished by P&WA ln their: customer com puter deck CCD. 1025 reference 19) •. A more recent deck was receive.d ·on April 1971 ·from P&W
	·169. 
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	High Pressure air is b led from the high-pres sure-com
	(U) 
	pressor discharge port provided on the engine .fo operation of the enviromental control system. shaft power · is ] tracted from the high-pressure-compressor rotor · 'o generate 
	e lectrical and hydraulic power for the airplane, 
	3.·6. Propulsion system performance 
	(U) The ins talled thrust t specific fuel consumpt ion ·(TSFCS.) and propulsion net thrust (FNs) of the F100-PW-1 0 are plotted in figures 3.. 6-1 through 3.6-14 The da. ta shown comprise a. complete .package needed for airplane nergy · maneuverability analysis .. · The. installed net thr st presented F.Ns., accounts .for all drag changes that occur wi thpower setting changes., The installed net thrust is de· ined as· follows: · 
	where.: 
	is the installed net thrust of the propulsion system for aircraft performance an lysis.. 
	is· :the CCD 1025-.1. l computer progr m net 
	thrust which accounts for (1.) inlet pressure 
	recovery (see subsection 3.6.2 (2) shaft 
	power extraction and high-pressure compressor 
	airbleed .(see ·subsection 3. 6. 5) ,. a d (3) ex
	haust. nozzle· internal performance contained 
	in. :P&WA CC'D 1025-0 1). 
	is. the inlet spillage. drag which: ccounts· .for the· inlet drag when capture -area r tios are 
	other ·than 1,-0. {sea subsection ·3 .6 2), 
	accounts for drag changes associatedd with power setting when the nozzle is. a. ·other ·than .the maximum open posi.tion (se.e Sub ection ..3·. 6.3).• 
	Therefore, airplane .drag levels used in. conjunct on with the 
	installed thrust•. FNs I are for the inlet operatti g ·at. a 
	capture area ratio of 1.0 and .the engine exhaust nozzle in. the maximum open high gear") position •. 
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	CONflDENTfAL. 
	The thl'llB~ s ~~ifie ·fue.t. consumpJ:ion, 'rS.FC~.. iii the . ratio af the in!lltaUe.~ ~otal ~~-f-iow ,a_od insta1led·pr:opul~1.on sy11tB111. net ·chn:isr, FNs-~ · · · · ·· 
	... 
	(U) At Mach .1.l tbe p-.irf,>~ttce· ~ib~t~ a .~Ugh_t;_ dlscontl
	•nui"ty. °'thi~ ~f"fect :t.i;.-from t~e .~h-ift in ttie· exhiusi: 11oza-le o_P.e~ti~g mOde-. de~crlbed eul_iers from th~ ic;,w.. ~-_the. ~lgh4re",-rad.a 1110de of :qpe.i.-ation (l~w gear ~~ higq gear) above. Mach· 1.1. 
	I. 
	In-~h~ ·~at,i Qi.1rv•11" of :l!'-ipte 3;·6.;·7, ncite .t:ne s.hadedareas· .~e~"in.ed a_s· •.,11timated CV! ·Shift A~eall_, 'fhis va'diition in performilncef at the "low exno11t.•nt1il111le _p~e.11ux-e :n·t·.lo~ ~ ~.b.t•:l.necl 'f,:!J!D ~e· engine c.omp!.!,t~~ -~k;; ~l!,e ~fected paramat"e~ 1, CVP ·(eihiJu.ii-t nozzle lntetnal .~ost;..dml.1t ·coeffi• c:Let(t) •. The .change ~-.t:;:.YP ta· caus:ed: by ~~ •~P.•Ht~ 4' the n~a-ie.·d·tyerg~nt section when tbs nozrr.-te is l>pei'atllig, at 
	_low 1_pressure liatios., . . 
	-~ · 3 • .6;~ lnl,e~ · 
	-E61-·The ba.sa.1.1.ne-il:i·leit ¢onf1gurat:1on .1-Qf the:-.fixed
	. ··· l~l!letr.y o~,:nose ._-~ype.t _µi1tiat~y elUp~f.cal in oroas seetiotJ,. connected -to the _engine face ~y'··a sµbsAD:I.~ du.Qt about ·4·.05 co_q1reaaqto-£aca ~i-ame4:er1 . ~-1,,,~gth-i T(\a :t~let and . engiue -~_ac;, centerlines· il1'e oftaet ·14·.o .inch!i'• oi o·.10 ·t1ma"II· tbe ·a~t · 1ength~ -Tbtf ininiiaum aepuat~ ·between tbe· l.ll-let .&'1d ~wer:· :M~laa~ surface· iB-1,.9 ine~ s_o tljat: tow..enei:gy fuselage bound4rj,~!a;e:i: ;.tr will u.ot -~.e _ingeat:ed_ ·bY -the .iple~~ . ~'1e inlet upp
	.11paed9-and dtu:i-qg 'h:l,gh•angle--qf•at~~k. opefa~_ion. 'tb.e "J;tp 
	bluntn.uss used g1veil aa inte:m·a.1 .a:r=-ea ·c:011,tr:1.ctic>n Rf 4.•0
	pe"ent, 
	-fer A ~ilWll\iill •IQO~; of uppe:i: eQN'1;U.P e~~ena;Lo_n -is .wt~cl tQ iaol•~~ t~~ in-let 1hock f~ ·.t~ ::6uael,aga bo\1ndarJ ·tayer:·i. 
	. tb:!,s m!n$mb1:e1· bnunc1Ar1-llyer buildup on the,.1Dlet aide of · ~he. upper ,:owl ;ip. A~ &~g~ .a'l_lp.~rs'?Qic-•spe.ed~-, (Magh 1·;9· tD 
	l.2.); pi.ode.rati;t °b:DUnd1u~y.~1ayer control in tl.Uf fom :of vor.~· gen~1:ator1, ·and/or blee.~ -~•y· b~ .r,q~re~ ii;t the -~l~t th:~•i:._ 
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	I 
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	r 
	CONFIDENTIAL 
	~ · redu¢~ the shock/bo1.md&ry~layer·!.nd1.lced separation (turbulence) to an a~ceptal>1e level fo~ ~qgine/Jnl~~~Clfflpatibility. 
	. . 
	~ The .inle~ .is sized to Jccept maximum.engine..correctt?d airflow (227 lbn/eec) at a throa.t ~sch numbet of 0,70 ~ased on geometric thro.at t.:r~a. the .resQlti~g inle.t .captur.e area 
	ia 740 s<1, in , , wi~h a: t.hroat: area of 7iO sq in.. _._ _ . ·
	(0) . . la.let total pt'eSS\ir~ recovl!ry for Co11figuratio~ 40113/ FlOO-PW-100 ts pre11eri.ted in Figure ) .6•15, 'these data are baaed on normlil..:.ab9ek total pressure ·recovery aria subsonic duct loi!ses correlated 4s· a function of initial boundarylayer displ~c·emenc ttlickn~u, t'.hrQ4lt Mach ~umber;-, e:icpf.ntion angle, area ·ratio (inl.et;-to-exit) i and engine-to-inlet ·off.a. set:, Thu method of an&lyats is dot;um~nted in SEG..TR-67 .. l (Refe~ence 21). A .J;"e:vifled duct•ofbet losa fa.ctor. ii
	·The takeoff and ld:w-speed inlet tot4l. p.raaitute ,rtacpvety is prueDted in Flguri l ..6-16. The method of. analyais 18 from s.~•TR-:-61~1 in whi!!h takeof'f and low-111peet1 preaaura rec~very .are correbted i~ t.eima of~• lip~bluntneu p.a2:a-. mtitet and. 1nu flow ratio, No au:id.U,a::y inlets &t'e iu1U111ed •. 
	. (iJ) Predicted inlet apillage drag d1~11 are ·plotted in 11gure 3,6:..1?, These dat:a are b1111tid on op•tN\OU inla.t additive dr,1.g·anc! the. lip 11uetlon ,cMr1cterht:ic1 plotted 1n Figure 3 ,6-18. The technique for: pi;-edicii:ina lip. iucdtm 1 reported in lteferenc!il 24 U!i8:J. iaolatc,d inlet-cowl i'i)odol. .tHt d•t• •• a badu and presen~a cowl afftcieney in tem.111 of · c~l laading-edg1 radiu, ~ 1.ri:t.tid i:owl al0pc, •~ternal cam.. ber, Mach number, and level of a.dditiva drag, P1ct0r1 &re. i 
	,. incrlude.d to ~ocO\lnt fr:>r non,-~xi•y=uatr~c g•~,ttz:1••,
	,, 
	j 
	r 
	3 ,6 ,3 Ninri1\e 
	i 
	l 
	(U) Thi adeoted nonie ls th11 l,61/l, i bd1&t'tCt~b11ffl ocn• figu:r&tton, whtoh _b the optiQ\'\ Qff11.•1111d fer: tl-.ii ·ena1ne by FWA, Thia ia a non-ajcceor, con~argent/dtvs~a1nt , .. I nozzle1 having moda1 of operation 11 1hown in th• Jigur• 
	,. 11
	3,.6•l9 1ketch, Tho 1;6_ .r~f1u:11 to tht1 internal exp~nlliiJn.. I A;r:ea rat:io wh&li the noulii it! in. tha ~ida-()plll'i ltt!d
	' 
	thtt.:1,1. c.orreilpond• to thh .araa.-ra.t10 wti:h the noula .in the minimum-area pouitie>n, 
	186 
	CONFIDENTIAL 
	j 
	. I 
	. --.,; ... ·
	CO_Nfl'.DENTIAL 
	. 
	•· 
	I 
	J 
	I 
	·J 
	. ' 
	·,. 
	~. i" 
	6"
	.. 
	~, 
	. I •.
	. 
	·.... 
	-·• .•.
	. 
	I. i 
	O:I,
	ffl
	Q i 
	-1M. :ia ~ .ti•~el[ :e.:1n11sf:ra• 1·~OJ; 
	la7 
	C.ONFl"DENTIA~
	.. . 
	·-L 
	.,.,.J,§..J.t,it.., ,.. Uji-l;. ,-4,!!i c,:;pXJI ~ Ci t),,ti;,~..~\.4,,a ~~._,.:.,., ...1mr,:s..: \ii-~•ir~I 1.... : IIBJiFSOt.~.4::JIU,. ❖h.•~.J>. ,.t!#,(f~,. ,,c..e.:,,,vl".;;;ec: a '·k· •~ :.: ,i.Jhh~i .$ .,,;;,,az..u.s.. nms 4.t~ ~,,~.b □ !Cfi .. ''Ph*'''¥· a~.th• Jld.. f.'½9 
	-. 
	88th A~W/IPl 
	FOiA-.(1:l)(:f) 
	.E.b;\35~SE.C, 
	3.·3;{b)(4)
	CONFl9ENTlAf. 
	1A.. (a)_(g} 
	r. 
	1 o ·· 1uci11 . . 
	V /tn~•a • . u!) '-~U9J:>UJ.&0:) 'ilil:C(l" ntds 189 
	·CONFi9.ENTIAL. 
	---·---------
	\ 
	·L 
	r
	.{ 
	, 
	l .!: 
	' 
	~! 
	,· 
	....
	j 
	I 
	(,:-
	( 
	.... 
	.-;•
	flt· 
	;t
	... 
	,. .;:': 
	; b·i.. £ 
	l,o ·: 
	'C :;
	II
	., .
	n 
	I;
	.. 
	-~ 
	~
	·S 
	" 
	.,£', 
	I 
	~-,
	·~·· 
	"-'' 
	-i 
	··i 
	t 
	! 
	i 
	I 
	J_ 
	l
	'! 
	,,.
	·::(
	.
	(.l 
	.._, 
	f 
	.;ffa::fiJift!~t)ltld~~fJYff:~f.1If":::
	;;:h4.:.Lf:.::1r1~11,.:...:....t:.r., · ··:·: ...:::µr.k;::.. ,. ~~illiff1t\f.!ltµ:;~:i ..-,l~at'.:"\1 
	t~·>t, ~:: 1!~~-t:;~;~'.:~~:;::1. :/.~l.:~:;.i~~:J '-·J :~ •-~· e~r:1~,F-·1 ~~:.:·:~ ;~~ 1 
	1~r~i~gtbj
	.... ;.
	}J~ll~f~su~· /;,. · , ~i¢}f!!:.;..{; 
	~;ttt r~!.{t7Ed-H:r::~ /t~J?t{if.~~:~:\I 
	• t 
	··:~ •.... ,•
	.... -: ::.. 
	~~-4,_..,..:.,;;,..,...:..,,......~...~--,;----·-·;•----....·-·_____'"'"'.~~-··_·~·....·.4.:.,,·---~•.....~·e. 
	;::~:::~~~f*~:':_;j, :~~-,-.'~l~!,~·+·-~·>; ~-r 
	I 1"' .. 4• ~ -~~ ' •' . !:" •r••
	p t 
	. ' I; I <: •· 
	• I• •• :, : :1 1· 
	:;.. _,. ,. ·•-I' 
	t.~i-:..,i;iu.·•.......:.:...:...-i-'...!.l.:;··:i.··-....:..,;,J;,....-..:·~·•....;....1 
	,/•. 
	L. 
	(IJ) A pre~sure d~ig analysis. was liiad11: .of: the npz~le t!),; neh mode. of i;>p~rl!-.tion :. ~ha .estimated drags are sh~~ .in Figures l ..ij ~20. through. 3·. ~ ..-23'. The. nomil')s.'1 ,v..afoes of .ex.ft d:i.&01e~er .for mu.dmum• aug111entation !'lnii ·fot d.ry pot.l'e·r are show in" · Figure. 3.6·-19, '.t'heH ·v4tues are; used .£or es:t;;t.mat1ng the ao~zle dr41g-. Also shown in Figure 3·.6•·19 £11 tbe baseline no;izle diameter ~sed· to ·derive· the basd.it:u~ npzzle drag. . .sli'own ·1.n Ugure: 3,'
	. . . . . ...,_. 
	{U) The ·bueline nozzl,e drag. is influde.d .in the .airplaae ~ra:g data., and an')" increment in tioule. drag .cause.d. by .cha1,1g~ ittg engine power s~·tting, from t:he bas eli~~ • appeaz:s J,o •thi,,, pr.opuls.ion· da.ta.. The m4ximum augment:at.ion noliile drags• sho~ 1n Figur.e J.-.6~2:l are included in the· prppuls-iott data and ~-re ·actµally r:h~r .inere-111,ept in .d,rs:g between ·)>a~el4ne and ~he true , op~ri.tti.~g c: 01:1dtHona {nozzle pressure rat:J.o and nozzle. geol!W-tfy). . Ti.is il'!ere
	(U) The ch'.Y••powe~ nozzle. drag~; inclu4ed in the! propulsion. datll are p:i.-eaented, ui 'Figures· 3.-6.-22 atid -.23. .'these data: are ;l:ncreroen~.s .f;rQm ~he hseline .~ ·de:Sj::~ibed above, 
	(!J) Thes:e data., reflecting the specifii'l. installation, 'l.(ere. 1,1sed for l;:he .performance .anal.yd' 2:ather thiln th.a uninstalled:-q.ozzle d2;ag .data ·ptovidBd in the engine pedor•. mance ,da!=.a• dee.~.• cm, 102.~. • 
	'3-, 6.. 4 Au~iliary· Ail'. 
	~ti) . The ;audtiary,'rlr system a.e~~~ .pni.y ·to ventilate th~· nacelle and prevep.t ~he accuniulati-orr. of 'flama~le fluids and vapor.s, The ·,y.a~em consist:s of· a. forwardpme>u~t:~d flush i~l.,et (near the ~ng:l.ne :f1:ont::"!'fX'llnie.) s.nd .aftpmo:1,1nted. flush exits (near t.be nozzle cus.tomer~connect)., 9nly a IUl!&ll' quao_tity of air ie req~ired to fulflll th~ aytt~m function «nd ..the drag, penalty is est;i111at~d .to. bi: 2; S ·eQJJµts (~~0-isq fi: :i;-e·f~re~ce are.a). .. 
	· .. 3,..6,S ~l1aft .Pow~r and C0111_Preijaor Bleed Extr.action·· 
	(U)' "l'Owe,r {s exttacted through. the. engine ·gear•:box power• take"!'o'ff ·drive the aiqi1ane electric·generatot and 
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	pump1r. An .estimated value of the total power ex~r•~tion is 70 hp,. The installed propuldon system pe~~O.t"• mance dat.a a,;:c::ouiltt1 for ·70 hp at dl £iight ctmditt.cns an.d .~ 
	power aettin$a; · 
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