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.wi~g tap·fir· ratio fr:o.m Ci-. 2- to O. ~, Since the leading;.edge· 
:swe~p- ~ngte- and -~!Jp~t ~tio ifere h~ld -const:aat-,_ ,th~- i.i.'1.­
ci~ased taper· i:aHo shiftjd- the· wing_.a-eea--·Jft, --i:he -ll~t: change 
in l9~gJt11dina1 ·stabi~tty -was -very. small., li_(?wever-, ~ecause-
tbe traUins"edge.- sweap ang.l"e changed with taper. 1".Btio .and 
thl!I _cp.,scquen-t. ch"~l)ge i,n cut_ou~. fae.tor was compeasa_i:ory.•-

-· $i.nitl:a,i:ly_, since- i:he ~011figurat!on was e1;1s.entb.:lJy ide~ticd
i· in or.her· resP.·acts, t.bel.'.e a.ts·. rid ch,ange·s· i.11· l;ateral-direcd011al 

.stability li.tcdbu~a,ble tQ: the _fiµcr.~sed· ta,per ratio•. As a 
['Bsul:c-, · thf! stabU'i.ty and control cpa~terlstics !U\d handl­
·ing. qualt;Hes reported tn-·SE!ction- 3.4.f!or the ~isic 4.01-B 
.coallg~ra·tton ar:-¢ also. di~ee_tiy. appliQ&_b_le i:_o the ·0.4 taper•· 
~at~q- fi:gh~er~ _ 
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the·· basJ,c sta~iiU:y. and handling qtialitie~1 pf Con-t·.f;gu:­
ration 4O1,.B wer.t! t10t sig_nif1cantly. al-tered by th~ .. cbaijge in 
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6.5 ST~~TURBS·~ W.t:I.GH1'S 

C::- Weight ·.andysi-s f~r ·t:he 0.4 taper.•rat;to ·wJ.ng :on ·ocn• 
\ ...._~ figurat:l:o!l 4P.1B waa p~rf.omed in t:he ilatlie· acmer •i the.: 

:!,'eight ana~y,es ,dHcribed ·1n pHViaua aectf.~s (ue s,ctl.~ 
· 3,5). Tbe, l61800•pban4 c0~.f~r(lt1on w~• ~••d to·- evJl\illte· 

t~i. w~g with a._.11t-~,rtu~~- design grl)~• w,1.1tat (8.~- ~l) 
~'f" is:, 9~Q -po~z,.~ &l\d· .a ~ertj .ui~11-~.on ov,-i:load gtoas weight
of 27 ,.o·oo ,pounds·. 

~ ·In~t d·il.t!l-: (or -.the ·weight ~4"'-~i~•· -1!1'ere d~r1ved ·-from. , e~ data, preaent;:ed il'I Sectto.n. 6.1-. .the: stat·eme:nt of..worlt 
spec~fieli a 41· .tiu.c.lcnesa·,;._to ..c:l)c:!rd rat;~~ f~~ ·c;hi,1 ~1:\8-, .l~ 

·-9~.d.ei. tCi. ,chieve., 11!,ii,.~ ~ight_, t~ia 4'1. thiekne,·ir Jiaa . 
interpreted ,l:o be au ·RMS tblc.lcneae' of 4i.· ·which reauit;• :tn. 
a 'th!ckitess-t~"'.chOrd rati~ ·o( 2!'-2. ·•~ ~~e: •t.:l:p ·and 4.94~·..ai;: 
·Bu~~gg_k Line si.. ~. ~ta~- .of tbe-.exp_ilrided· J!'Oot •~Hon, 
This 1n·t.erprcitat!~.n reaulted· la:• :wing ,structural 11etght 
deqremen't .of ·1~1 pounds.• 

~ . A w~-~glt.t;; •~ 'for ~h:le c~iguratlo11 ·ia shown. in. 
-T~)le: ~.5•1.. ·A summary: o~ ·the c.eate:,-of•&r.~V.ity ccmdi:tions. 
for t:ne. vadCIWI ·iai1uri1?~ ,is 'l!lilpWn bei!)W' •. 

.. B4-ic 
OpeJ,'.at;ing· Zexo G'rosa 

Cbn~ilJ:ian ·w1_1ght, Fue1·. Wet:ght lieyht 

SRASM 
Weigh.t·..(lb).
C,G, '(%. MAC). 

·U·.·226 
23~9 

12,859 
13.·1 

16.,•8:00 
20 •.Q' 

~SM-
Weigh~ (lb). 
C,Q •.(t MA~) 

~3,.074. 
24,0' 

1:S:,101. 
23.3 

'21,638 
u:i 

.. 
F.i!ir'tjl M:f.lilai~n 

Weight. (lb)
d ,Q • (% MA<i) 

13~916 
2$.,9. 

14,201 
n .. 1 

27.'.00I> 
2L7 
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1.4. (a)(g) 

./M._ Ta.ble 6,5,.1, WEIGHT ·SUMMARY: CONFIGURATION. t.0lB--.,;r',--
WITH ·.o .4 TAI>U :AAi'io W~ij(,;" (po~nds_) 

l~e111 

.S.ttuc~1.11:~ 
Wing 
-Fuselage 
Horizontal faii 
Vertical 'l'.'··a:ll" 
Landtng ·c~ar-

P.ropulsicr;t 
Engine 
A:b:-· lrid\lction 
Fud S.ya_telli 
Bn,gin~ Coritrola 

) Starting System. 

Sy,11.telJ!S and Equ:Lpmen!=-
:surface Contrc;ili 
Landing .Gear Coat.:!=Olll 
Instruments 
Hydrii.ulics and-Pneumatics . Electtid!ll 
Ayi.i;,nic,s
Furnisldpga 
Air .Conditioning·. Sy~tein-
Armament; 

Wdght: &np.ty 

Useful Load 
., 

=Crew 
unusea'ble fuel 
Engi~e. "t)iL
Missile Racks· aud Pylcins 
~"-s~ell~n~c:n.t~ 

iasic Operating, Weight 

P~yloa.d-.o (500- •olina,)
.Missiies (_2:) •. 

Zero Fu~l :We:Lpit 
·• 

.Fuel 
Gros$ Weight 

~84" 

SECRET 

We1,ght 

( 5}29.) 
l,687 
2588 
·322 
·:{Ui 
"616. 

( 3;30) 
21-:n 

322" 
421 

22 
2.~.: 

(. 2_76-7) 
612 
ll5: 
94 

28:) 
-370 
460.-
'238 
142 
4.53: 

11;"826 

( 400) 
200 
23
17 

'.!,24 
3.6' 

1.2 ,226 

( ·63_3:) 
~85 
_348 

-_·i2. ,85.9 . 

3941 
16,8.00 
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lfij:P &RCRI.TtCAL STUDY 

The sup•rcr!tical win&1 ~hicb. is an.outgrow~. of ta~ent 
a4vanc.~s tn· transonic aercidyrialliic t:echno1ogy, ht111 be~ ·~vaiu·..; 
.•ted on Configuration 40lB fo detet'11!irte· ~t~ ·potl!ndal for­
il!lproved --transonic maneu.verability, the supercd~ical wing 
a.tudy was conduc.~.ec, iq two pha,s.es; · 

1. An abbrevt.ated wing-.planform· p-e.r:ame~dc 
11:tudy wa.s cpn~u(;l~~d to seiec:t .the pia~­
. forlll$ h'1vtng the mtjst potential on a· · 
highl.y macu!uvei=able .fight.er. 

2. l)etatie4 iayouts .of ~he 1etect: ·planforms 
were t'1el'!--ude'• and .point-deiign ·struc­
tural weight, aerodynamic, and pe:i:fomaace 
s.aa.'lysea ·W~I;'~ .~arri.ed ~~t,, 

7. l WING P~ORM. ~~RIC ·STUDY 

) '-""~- . In· :fh~~e ~• of the stJJ.dy~ the wing·p..lanform •e·electi'on:, 
'l:lirig loa~.tng, asp~t ,at;lo" aud leading-edge .sweep .a~gle 
were varied,· The Dlllt#X of w.ing sizes :aaW ltiadiog ~dge 
sweep angle, is ~~fin•d as· follows.: 

Wiog. 1 (WlH Ai ioo: 3.0;· w/s ·•· 60 psf; A .. 35° •.4o0 • 45°. 1 50° 

Wi,t,g i (W2): AR • ~-~J. W/S • 70 paf; A.• 35°.·, 40°.,. 45°. soo· 

Wing :3· (W3).: AR "' 4.0; W/S • 80 pil.fJ ,A. 35° •. 40°·~ 45°' 5(iO 

Wing. 4 (W4}: AR • 4.5: W/S • 90 pd.; A·• 35°, 40°, 45.9' so0 · 

Airplane pla.nform..,compa,risonil,are shown in Figure 7 .1-1 
~n·r~ugh 1.'1-4 ·at the four· wing sweeJ)' angles tot ·-wing~ l 1 2, 
·:l. and 4 ·of .the ·matriX, (The· let~(;li;-~ A., B; c·, .. D tn tb,:s 
figures signify wing sweeps at 35-, 40,. 4.S, and s·o degrees, 
~esp~cti,vely • .) A coii,~adson ·b shown ·1n F!~r-e.J. l-5. for 
the 35-deg.ree;.witig-..sweep cail:~· wi,th. ~J,,e four· diff~rent wings 
delineated :abov.e .and the tail sizes aseociate~ with each,. 
Bli!>l~Or d~ta ..... ,&...;· in ngo.. 7•. 1-6 ••• th0 45-.,.s••~-~ 
ving.-aweep caee at a cons.tan:t. 6!)-paf wing loa~ing. · : 

. . . 
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. A .wing ~1:,-iclcnesii' rat-~o 0.£ O.Q6 was uaed for all plan".' 

8:Sth ABWIIPI 

fotJpB ~onsld~~ed, ·.~peti"ence •gained .in tlJ,e· appl.tca.~ion of 
superi::dti~al .a~rfoila to wlli.git. o.f ·:sevaJ."al typ1u1.• (il'.lcludi11g 
F•Ul, r~111 'tACr 1 ·a~L, F.X) i~di«)at~s tltat the potential 
·pay~ff .t.~ducea as ~4lg .tJc •.r~d\icea.-. As a r-~ault of this 
exp~rl:ence .and t~ ~ansul!tabion wlt:h Dr, .R.- T. Whitcomb· of 
·lw,iA La.ngley,. it WAB decided to limit th~ tie of this· st;u~y 
to ..0 ,·06. Ct' .Si:eateJ:', 

~ Tile _following· uat aumnarizea. tlu.t ground. .-.rul~• i.:Mt 
were es·tab1ished ..ln conjtinc~lon with tbe. ·matrl; .o.£ va.dab.les 
prqy:l.oiis1,- d~lfcribed for genet•ti~g the req,µ::l.r~d: aJrcra.ft 
design dat;a. t .. 

2. ·'I:he e/4 of all ·r.eferen~~ wings i~ .locai:;e~ al_: 
a c~nlit.tit fuse1agi .s.tat:l.oa. 

3,. Tne hcirbontal :taU moment .arm b· held. ·con•tant 
(17.l,·3 .in.)... · · · · 

4. The wing thickness and· .t•per ratios.. a~e h~ld 
constant ·(tic • o.,0.6 1 ~- 0~1). 

s.. ·'the veJ.'tical tail -ge.ometi! And 'POS·it~oµ ~~ ·~eld 
c;.onsta~t ·(su.T "" U.l~. f~ .~ AA. • l.3.2.6.$, :A..• 0,4,:. 

1/\Lg • 45P). . • ,. 

·6. · The ··"d".- distance to the fl!JCI)o11,d wing rJ>ot !;lhord 
h h.~Ld ~otiet;ani: (54· in·.• measured ·from .air.., 
plane cieote:rUn~). . . 

7-, .rh.e .sizing: hodzpat6l · ta;l l g~0p1etz:y chai:ac.ter~ 
i11t11::-s· (~ - 3.·o~ >.."' 0.2. and Au - 35°) 
te~ constant·. 

8·.. 1be 11d11 4ista~ce t0 tl\e exposed horizonta-1 tail 
roi;,t: .chord teP.1id.n♦ const•nt (Sl,,5 ia, ,. 111easur•d 
from. ai~plane. centerline)". 

i' 
.39.2 

SECRET 
·; 

I 
!· . 

I ., 

.............,•-····--·•·········------·--------

https://s.tat:l.oa
https://aJrcra.ft


, liAa'JWIP 
J FOIA (b)(1) r /E.0,13526·SEC; 3.3; 
!(b)(4}S.ECR-EJ !1.4. (a)(g) 
' 

I1'L...-·----············.................____ -·---- --·-·--·--; 

9. Thf! ratio ·of th.e exposed ..horizontl!l tail area 
lo the aidng :.h~r,i,:ont,1 ·tail ·&!';'ea remains 
const&l'lt: {.0.• 866), 

to. An ini"t.ial ii.zing· horizonta.l t:&ii -i'-' d~!;:er­
mined by a h);,rizontal t.ail vcilUIDe coefficient· 
of 0.26· alld by "ing geometry def.f.n"ed ~Y. Ai. • 
3•. oi: A .. o.. i- _. W/S. ..,. 6.0· ps:f •. · 1'hi.s e~ tobt~she.s 
a· hori1ontal-t~U.~af~a/wlng..a~e.1,1. ratio of. 
0.202. As t~e w.ing g~ometry ch4nges because 
of variationu.. in aspect ratiQ e.n!,1 wing load., 
ing, the. sizing .hori.z1mtal .tail area is · 
es·tabliahed by· keeping ;he ~r~a r.atio ot 
o•.202const~rit, ' 

(0) · Sin.ce the primary ,tnterest ia· in man~uverobUU;y, t;h~· 
p•i:-•tr.t~ ~Qmpa.risq~'f pl;CJts were eonstruct~d otl the :basis of 
l:wo ·mane'UVEl~ ()4l'aiteurs ,. 

t. Maxillll,1111 s:us ~ained load· f'ac t..or a 1; Mach ,. 8 , • 9 , 
.9S., ano· l ;2 at Jo..-000 ft.. . 

2. Ene,;gy rate· for .!•g ·fltght at ~ch 0.9 at. 
10,QOO ft. 

(U) Thl!f .weight and a¢tody11ailli.c· ·data. used .11pd tl;le performan~e 
re~ul.ts. <!b.ta:in.ed are· -pre,,.nted in ~e following subsectlons: 

i:·.. i 
f: ! 

t .l.l Structures 
• 

and Weights
••.• ., ' 

i 
(-tl) 'Ihe weight analy.sis £pr .the param~tr:lc s.tu:dy W&$· pet•. I 

.,· ·f1:Jrm9:/;l ,-,,ith .the sllln.e- tec~.n;f.ques 4iscus11ed in ,section J ;5 , . 
The re1n.ilt,a ,of t.his ar;:udy a:i;-e. shotin ia Figures 7·. 1-7. and .-a·. 
I.t "is .notE\d tbat ·t:ne leacU.ng ..edge. maneuver. Uap. baa: be"n re­J placed·by a. .. fixed leac!itig ·edg~ and· that the w~ights .reflect 
tliis• change , · 

I 
i 

t. 1.2 Ae·rodyn•ies 

(U). The miri·~ cir~g l\nd drag .di.le. t.o lift ar,e computed by 
the methodology dacumt:nt:ed in·.ae.tareMe 1,:, . rJie pr:im,aryr :, 

< 
:. 

impact· of. the. supercdt:1~ai o.1rfoU 1.11 1I11tnifee.ted ia ·tb::J 
inc;e~se in drag div~zgence Maoh numbet',, which is dete·i:mined •. 

~ 
i f f~pm ~he ·~ollowtng equa~ion :. · 

1 ·1 ~· ..: 

I 
J 

t 
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(U) AM00 •· (AMno)ite-f :t- (tic·..:. Q._082) 

·The C*~im>Re'f' shown in _Fig~ra ·z:; l-9· is_ derive~ :from_ 
Lang.l,E!y· Rese~rcn Center wind tuanel. tests of ~"e -F.-1,11,/-TACT. 
111ocle.l with auperc-ritic,1 ail"fo.U.a. -~he seaon.d t~i:m of the 
eq~t:.f:'o'n c:.or'rects .for· d.t#.er.eocl.! in thicknt!.~• _1;&t.l,0 be·tween 
the wings ·-c.onsidered ia :thi_.s -s.tu4y and. t~e wj.~g_s .thJ1t. were 
l:est~d~· 

(U) l!'.I addi~:r.c~ to 1,ncrea-,!!tng ~e drag· div:erge~c.e Mach _ 
numb~f, the supercritii;:~l atrfo·H also·. ruui _the: a.dv•~tas~ Q_f 
obtaining high I/D t-§ .wiGb01,1t ·.t;~ -use. of a l~~~ng--edge fl;~p 
b·~caus~ ~f. t!i,e Muni; lead!~ ·e4g~·· ··.An super~ritica-1 wing 
~on(_t_gu·rations- ha.ve· a fix~d. lea'dint e'dge ·and i:hurdore offer 
aa, a.ddit:ion-at ·w,f!.ght savings. · 

. (U) ·1'1'th regard- tid- trim d·rag. c-ei:tll°in.-si111plifyirit as.s~p-
1:l'ons ar.e ·made -in. th~- de.a.tan Jn4 dev.fill\C?.pm.1:i!ni: ·of~ fiaJite;·~· 
Cons,iderable :e.ffort is dir-ected tOl(a:ccl mtniuu.aa-tion of trim 
drag 1_. aQd. J:t: ·1a rJa.sonable ·to· .~ssume thiit -levels· of t,dll! 
dt~g: cOllipa.tt•ble t,o t.\'lo~e· f.ci- ~'! :t,l\stc b-leoQ_v~, ai1::f0i.~ are 

. a ti::a,inable fo.t toe ·superc ri~i.cal will&; Tn·e ·criat cl-rag. is 
~ompuc-ed· by ;akirJg ·the· r•tti> ~f 1:::ri,mm.ed t-D· ~ntdmed. c'lr11g 
due to lift !~om c~~ C~nftgu~~t~on. 401B' aDd 'applyi,ng thJs 
.r.atio. ~o ·(!.be uatpµmne~ d_rag· due to lift· for the supercriel.~
cal conf'i,gutationa , · · 

7,1,3 .~er.f~rt1'~Th~~ 

.(U) ~~ali.~_d.c es~bates. o! the ~l$neU\~e-r p~rfotmance .p_s.ra­
metel's must.- include...botb ·aerody.n~mics •nd -'til~lght~_. '»ha.~. is 

(a:z.)1'118X· =: Uf~ @ max. tbrus.t 
. ,t:Olllbat. weight-

and 

combat wt·, ., (c~bat wt}4018. . + b.comhat Wt. 
· Baseline 
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SIS • 
~~"'' ·,!'- • 
1.t.la(a1{ii.c.~, · 
jSt!.C•t .'('-f,J . · 

o·eN'FIBENHAL 
(Thi,. Poa,e Is ·UNC l.-\~lflEO) 

rrevit:!US· .s·tud le9· sho}'I that .the change .in c:·ombli.t weight Pk')' 
be a.ppr01d:nia.ted. ·by the simple ,eguadon · 

i1C9!11b.a.t wt· • .2..-?S x Ast~cc;ura·~ w~, 
{U.) tbe 11ea-ults of ·thi's parametric st:i,uly. are .aummai:~11:ed• .la.. 

F·igw.:-es · 7~l-).0 tl)rougt\ 1.·•.1-13 ·in ·the:· £oi;ip .of:ccmpada.un~ of 
th~ se.l:e1;:ted maneuv.er p.aramet:et1. 

(U) ~ effect of ·sweep· at ·Cd~ta.nt aspect ~•da (l.O) is . ~at~~~f.!ft-PJ i
J~~~~ :P t-J~ur.e 7.• l--10.,. '!fh~re .it i!J ~~en tJaal:. 1,n~r.,asiug I"-~~.3 3 {b) 
. sweep. s;enera.lty improves bo·th .~ and 18 ~P.. :t.o ·about 4S · ·. j~·s·ct, 

· 
: 

· · · · 
.degrees. This is P,. fDl?c.! ·e~illpl~ o.t t;~ 'b:!lld~ofj; be~~ : . . .~ ( 
w~~bt ~ntl a.~ro4yn-.i1cs, l',r:fom11.11c:.e- da·ca f~r CQJt:figu.rati.on, '1S'~~~J_. "J .. 
4'01:B (witti.bic:onvex wiag) are shown in the .f~re·foi:' refet•· ..St'-,l,'-A 
ence. ;rhe tuperti.titiclil wlng pr~v-td,s .larger load.:-factor 

.:v~lue.s. a~ stibs.oni.(! ,gp,e-e~s an'd :Sligh!;ly Sll!&ller 1/'&~ta~B at.· 
Mach l,:2- The S\lpe~rl:tf.cal a:tefail also haa·.a -lowe-r energy 
rate (Ps> at ·~hl!·.Ka~h 0.9 l·s·.co~~itlon •.~ .a w~•·.1.'i"adf."~g · 
e~g.e .11~ee~ of ·.3~ degrees.. This is due. J:o the his.tier=· mln:lmuia 
·dt"~~ of .the b-lun~ sup.ercritical 11ing ·a.8 cmapared t:o ·the ;sJ,atp 
.~i;c'!>nv~ wiqg.... As w~ng- }.:ead.ing,-.l!il~&e sw,r~p .,is :f.nc~eued~ tbe . 

. ·minimum... drag is. ·ie.ducad· ao· that the. energy rate fox' t~e sµ.i?•r­
.c: citi~•l:. aix,fotl. e.~ceil5',11· ·tl-ia,t: ~Qr ·tpe..·bL::onvex w:l:ng:-at,sweep. ., 
ari.gles above· 40 degn,5 .• 

.. (~) '.fhg ~~~(:;j:S of v~11ying wi~.g iaad1':\, at 1.1.0Nl~t ~p,an,. b,JBB~·i 
I ne sh~q. l.n ·FigP.rE_!I! 7 ;l•ll :-and·· -12.. Obv~ously,,~ans:Lng:' I l~I.L1$.. loading with· r.pan .. held constaQt ucjuir·es·' aspect :r:a.ti.o. ~~1)3
l 

:((bl/$) to v,4ry al9~g ~~th :~d.ug ;tua~:ln~. (W/.S) ~ ·xhe ~e1;.µl~. i,s 
·~~:keep..~aduced ~~ag ~Cn1;), cons.tan~ (fol: ·(l :Sivea li(t) ·sc1-. 
.thal: the,2pure .effect: of: wing s.ise .C~.) can. be abs.erved, .f..e·,.., 
CD • C:r; hr (~2/s) e.. ~t j.s :s.een ·tjlat io.C't!tali~g.·wiog 1oa~­
ini improv·ea. the; eust:il;nep· load,-fa~tor caeabilitt .and ·degr~ides 
th.e L-g ene.~gy rate. ~ J:nc.re4!1-Se4 turn ra~ (higher nz) f0r 
the. W/S '"' 60.' psf .superc•ri'tical. wing ccmfigural:ions ( /\ .,. .],5Cl 

;i,l\d. 4~.C!) ·~t-' subsonic ·.~p·101d• 1 ..tdat::l,va ·to t.P!e. baa't.c, 4,011·, . 
1.ndlcatea· a 1r.ca~II!~ lif~ pe~ uait· •t:ea .fo.r the •~pe1!'Cri1:~al 
wing sec·r::1:on~ '.fbe· 4·S•degl'ae•swee~ superc.d:tfoa.l. w.iag 9011~ 
f igure.tioa .of 1'ig~re 7, ~ 1-:-12· !.lllto· -sh~s ·.a bigbei:- eHJ.gj rate 
(.Ps )- •tba~ t.h.e btJsic 4.01~ ring confi,gur~1.t'i,oa. · 

(U) T-h.e /\• 45~, ·w,s ... 60 psf :CM ... 3·,0) p.l~fa:cm was. )le.... 
. l.~cted a~· J:~J bf!st· c~pS:DJ1!i.~~. £or- tbe. :aapect-rat.:l.o °"'ariati.on • 
. 'rliis: effect° ii s.L11marized -ii\ :Figute. 7 .'1~13. :At suh.!!ionlc- . 
speed~· tt is aiten tha:t ·:inc;reasiag· i\R. imi;i!:ov.es. i:iz but i;legrad.e.s 
·t1te.1..g f.11 at. J'iach' ~·.·2; .~z reaches ai) (!!pt~ at &'bout All • 

·3;:} 398 
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.(U) l~ be.comes .readily: ~pp~re~t ~hilt oo one pl.an~ot'rii is 
best- for .all conditio~s-; •thei,ef'ore, the seleci:ed p-larrfcir111s 
wfll ne~~ssai;.~ly .be a cqmpr9mis"e. Two planforms were se• 
.lecte~ for r,Ieta-Ued a:nalyiils , · 

( l} AR .. 3. 75: (/lR "' 4. O wt.ch curved t'fips). 

A .. 1,,.50-

W/-S = ·60 psf 

(2.} li'R. .. 3 .o· (AR; .. ,3.• 2 'w:J;th c;ut:vad'. .tips.) 

.A ... ~,;o. 

W/S .• :60 psf· 
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	in or.her· resP.·acts, t.bel.'.e a.ts·. rid ch,ange·s· i.11· l;ateral-direcd011al .stability li.tcdbu~a,ble tQ: the _fiµcr.~sed· ta,per ratio•. As a ['Bsul:c-, · thf! and control cpa~terlstics !U\d handl­·ing. qualt;Hes reported tn-·SE!ction-3.4.f!or the ~isic 4.01-B .coallg~ra·tton ar:-¢ also. di~ee_tiy. appliQ&_b_le i:_o the ·0.4 taper•· 
	~at~q-fi:gh~er~ _ 
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	6.5 ST~~TURBS·~ W.t:I.GH1'S 
	Weight ·.andysi-s f~r ·t:he 0.4 taper.•rat;to ·wJ.ng :on ·ocn• \ ...._~ figurat:l:o!l 4P.1B waa p~rf.omed in t:he ilatlie· acmer •i the.: :!,'eight ana~y,es ,dHcribed ·1n pHViaua aectf.~s (ue s,ctl.~ 
	· 3,5). Tbe, l6800•pban4 c0~.f~r(lt1on w~• ~••d to·-evJl\illte· t~i. w~g with a._.11t-~,rtu~~-design grl)~• w,1.1tat (8.~-~l) ~'f" is:, 9~Q -po~z,.~ &l\d· .a ~ertj .ui~11-~.on ov,-i:load gtoas weight
	of 27 ,.o·oo ,pounds·. 
	~ ·In~t d·il.t!l-: (or -.the ·weight ~4"'-~i~•· -1!1'ere d~r1ved ·-from
	e~ data, preaent;:ed il'I Sectto.n. 6.1-. .the: stat·eme:nt of..worlt spec~fieli a 41· .tiu.c.lcnesa·,;._to..c:l)c:!rd rat;~~ f~~ ·c;hi,1 ~1:\8-, .l~ ·-9~.d.ei. tCi. ,chieve., 11!,ii,.~ ~ight_, t~ia 4'1. thiekne,·ir Jiaa . interpreted ,l:o be au ·RMS tblc.lcneae' of 4i.· ·which reauit;• :tn. a 'th!ckitess-t~"'.chOrd rati~ ·o( 2!'-2. ·•~ ~~e: •t.:l:p ·and 4.94~·..ai;: ·Bu~~gg_k Line si.. ~. ~ta~-.of tbe-.exp_ilrided· J!'Oot •~Hon, This 1n·t.erprcitat!~.n reaulted· la:• :wing ,structural 11etght deqremen't .o
	~ . A w~-~glt.t;; •~'for ~h:le c~iguratlo11 ·ia shown. in. -T~)le: ~.5•1.. ·A summary: o~ ·the c.eate:,-of•&r.~V.ity ccmdi:tions. for t:ne. vadCIWI ·iai1uri1?~ ,is 'l!lilpWn bei!)W' •. 
	B4-ic OpeJ,'.at;ing· Zexo G'rosa Cbn~ilJ:ian ·w1_1ght, Fue1·. Wet:ght lieyht 
	88th ABW/.IPI FOIA (b)(1) .. 
	~.0;13526::
	SEOOET· 
	_SEC. 3;"3,(b)(4) 
	1.4. (a)(g) 
	./M._ Ta.ble 6,5,.1, WEIGHT ·SUMMARY: CONFIGURATION. t.0lB
	--.,;r',-
	WITH ·.o .4 TAI>U :AAi'io W~ij(,;" (po~nds_) 
	l~e111 
	.S.ttuc~1.11:~ 
	Wing 
	-Fuselage 
	Horizontal faii Vertical 'l'.'··a:ll" Landtng ·c~ar
	P.ropulsicr;t Engine A:b:-· lrid\lction Fud S.ya_telli Bn,gin~ Coritrola 
	) Starting System. 
	Sy,11.telJ!S and Equ:Lpmen!=
	:surface Contrc;ili Landing .Gear Coat.:!=Olll Instruments 
	Hydrii.ulics and-Pneumatics 
	. 
	Electtid!ll Ayi.i;,nic,sFurnisldpga Air .Conditioning·. Sy~tein-
	Armament; 
	Wdght: &np.ty 
	Useful Load 
	=Crew 
	unusea'ble fuel Engi~e. "t)iLMissile Racks· aud Pylcins ~"-s~ell~n~c:n.t~ 
	iasic Operating, Weight 
	P~yloa.d
	(500-•olina,)
	.Missiies (_2:) 
	•. 
	Zero Fu~l :We:Lpit 
	·• 
	.Fuel Gros$ Weight 
	~84" 
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	We1,ght 
	( 5}29.) l,687 
	2588 
	·322 ·:{Ui "616. 
	( 3;30) 21-:n 
	322" 
	421 
	22 
	2.~.: 
	(. 2_76-7) 612 ll5: 
	94 
	28:) 
	-370 
	460.
	'238 142 4.53: 
	11;"826 
	( 400) 200 23
	17 
	'.!,24 3.6' 
	1.2 ,226 
	( ·63_3:) 
	~85 
	_348 
	-_·i2. ,85.9 . 3941 
	16,8.00 
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	lfij:P &RCRI.TtCAL STUDY 
	The sup•rcr!tical win&1 ~hicb. is an.outgrow~. of ta~ent a4vanc.~s tn· transonic aercidyrialliic t:echno1ogy, ht111 be~ ·~vaiu·..; .•ted on Configuration 40lB fo detet'11!irte· ~t~ ·potl!ndal for­il!lproved --transonic maneu.verability, the supercd~ical wing a.tudy was iq two ; · 
	1. An abbrevt.ated wing-.planform· p-e.r:ame~dc 11:tudy wa.s cpn~u(;l~~d to seiec:t .the pia~­. forlll$ h'1vtng the mtjst potential on a· · highl.y macu!uvei=able .. 
	2. l)etatie4 iayouts .of ~he 1etect: ·planforms were t'1el'!--ude'• and .point-deiign ·struc­tural weight, aerodynamic, and pe:i:fomaace s.aa.'lysea ·W~I;'~ .~arri.ed ~~t,, 
	7. l WING P~ORM. ~~RIC ·STUDY 
	'-""~-. In· :fh~~e ~• of the stJJ.dy~ the wing·p..lanform •e·electi'on:, 'l:lirig loa~.tng, asp~t ,at;lo" aud leading-edge .sweep .a~gle were varied,· The Dlllt#X of w.ing sizes :aaW ltiadiog ~dge sweep angle, is ~~fin•d as· follows.: 
	Wiog. 1 (WlH Ai ioo: 3.0;· w/s ·•· 60 psf; A .. 35° •.4o0• 45°.1 50° 
	Wi,t,g i (W2): AR • ~-~J. W/S • 70 paf; A.• 35°.·, 40°.,. 45°. soo· 
	Wing :3· (W3).: AR "' 4.0; W/S • 80 pil.fJ ,A. 35°•. 40°·~ 45°' 5(iO 
	Wing. 4 (W4}: AR • 4.5: W/S • 90 pd.; A·• 35°, 40°, 45.9' so0 · 
	Airplane pla.nform..,compa,risonil,are shown in Figure 7.1-1 ~n·r~ugh 1.'1-4 ·at the four· wing sweeJ)' angles tot ·-wing~ l 1 2, ·:l. and 4 ·of .the ·matriX, (The· let~(;li;-~ A., B; c·,.. D tn tb,:s figures signify wing sweeps at 35-, 40,. 4.S, and s·o degrees, ~esp~cti,vely • .) A coii,~adson ·b shown ·1n F!~r-e.J. l-5. for 
	the 35-deg.ree;.witig-..sweep cail:~· wi,th. ~J,,e four· diff~rent wings 
	delineated :abov.e .and the tail sizes aseociate~ with each,. 
	Bli!>l~Or d~ta ..... ,&...;· in ngo.. 7•. 1-6 ••• th0 45-.,.s••~-~ 
	ving.-aweep caee at a cons.tan:t. 6!)-paf wing loa~ing. · : 
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	8:Sth ABWIIPI 
	fotJpB ~onsld~~ed, ·.~peti"ence •gained .in tlJ,e· appl.tca.~ion of superi::dti~al .a~rfoila to wlli.git. o.f ·:sevaJ."al typ1u1.• (il'.lcludi11g F•Ul, r~111 'tACr 1 ·a~L, F.X) i~di«)at~s tltat the potential ·pay~ff .t.~ducea as ~4lg .tJc •.r~d\icea.-. As a r-~ault of this exp~rl:ence .and t~ ~ansul!tabion wlt:h Dr, .R.-T. Whitcomb· of ·lw,iA La.ngley,. it WAB decided to limit th~ tie of this· st;u~y to ..0 ,·06. Ct' .Si:eateJ:', 
	~ Tile _following· uat aumnarizea. tlu.t ground. .-.rul~• i.:Mt were es·tab1ished ..ln conjtinc~lon with tbe. ·matrl; .o.£ va.dab.les prqy:l.oiis1,-d~lfcribed for genet•ti~g the req,µ::l.r~d: design dat;a.t .. 
	2. ·'I:he e/4 of all ·r.eferen~~ wings i~ .locai:;e~ al_: c~nlit.tit fuse1agi .. 
	3,. Tne hcirbontal :taU moment .arm b· held. ·con•tant (17.l,·3 .in.)... · · · · 
	4. The wing thickness and· .t•per ratios.. a~e h~ld 1 ~-0~1). 
	·'the veJ.'tical tail -ge.ometi! And 'POS·it~oµ ~~ ·~eld c;.onsta~t ·(su.T "" U.l~. f~ .~ AA. • l.3.2.6.$, :A..• 0,4,:. 
	1
	/\Lg • 45P). . • ,. 
	·6. · The ··"d".-distance to the fl!JCI)o11,d wing rJ>ot !;lhord h h.~Ld ~otiet;ani: (54· in·.• measured ·from .air.., plane cieote:rUn~). . . 
	7-, .rh.e .sizing: hodzpat6l · ta;l l g~0p1etz:y chai:ac.ter~ i11t11::-s· (~ -3.·o~ >.."' 0.2. and Au -35°) te~ constant·. 
	8·.. 1be 11d11 4ista~ce t0 tl\e exposed horizonta-1 tail roi;,t: .chord teP.1id.n♦ const•nt (Sl,,5 ia, ,. 111easur•d from. ai~plane. centerline)". 
	i' 
	.39.2 
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	I 
	., 
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	, liAa'JWIP J FOIA (b)(1) 
	/E.0,13526·SEC; 3.3; 
	!(b)(4}!1.4. (a)(g) 
	' 
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	9. Thf! ratio ·of th.e exposed ..horizontl!l tail area lo the aidng :.h~r,i,:ont,1 ·tail ·&!';'ea remains const&l'lt: {.0.• 866), 
	to. An ini"t.ial ii.zing· horizonta.l t:&ii -i'-' d~!;:er­mined by a h);,rizontal t.ail vcilUIDe coefficient· of 0.26· alld by "ing geometry def.f.n"ed ~Y. Ai. • 3•. oi: A .. o.. i-_. W/S. ..,. 6.0· ps:f •. · 1'hi.s e~ tobt~she.s a· hori1ontal-t~U.~af~a/wlng..a~e.1,1. ratio of. 
	0.202. As t~e w.ing g~ometry ch4nges because of variationu.. in aspect ratiQ e.n!,1 wing load., ing, the. sizing .hori.z1mtal .tail area is · es·tabliahed by· keeping ;he ~r~a r.atio ot o•.202const~rit, ' 
	(0) · Sin.ce the primary ,tnterest ia· in man~uverobUU;y, t;h~· p•i:-•tr.t~ ~Qmpa.risq~'f pl;CJts were eonstruct~d otl the :basis of l:wo ·mane'UVEl~ ()4l'aiteurs ,. 
	t. Maxillll,1111 s:us ~ained load· f'act..or a1; Mach ,. 8 , • 9 , .9S., ano· l ;2 at Jo..-000 ft.. . 
	2. Ene,;gy rate· for .!•g ·fltght at ~ch 0.9 at. 10,QOO ft. 
	(U) Thl!f .weight and a¢tody11ailli.c· ·data. used .11pd tl;le performan~e 
	. are· -pre,,.nted in ~e following subsectlons: i
	:·
	.. 
	i 
	f: t .l.l Structures and Weights
	.• ., ' 
	i 
	(-tl) 'Ihe weight analy.sis £pr .the param~tr:lc s.tu:dy W&$· pet•. I .,· ·f1:Jrm9:/;l ,-,,ith .the sllln.e-tec~.n;f.ques 4iscus11ed in ,section J ;5 , . The re1n.ilt,a ,of t.his ar;:udy a:i;-e. shotin ia Figures 7·. 1-7. and .-a·. 
	I.t "is .notE\d tbat ·t:ne ..edge. maneuver. Uap. baa: be"n re­
	J 
	placed·by a. .. fixed leac!itig ·edg~ and· that the w~ights .reflect tliis• change , · 
	i 
	1.2 Ae·rodyn•ies 
	(U). The miri·~ cir~g l\nd drag .di.le. t.o lift ar,e computed by the methodology dacumt:nt:ed in·.ae.tareMe 1,:, . rJie pr:im,ary
	:, 
	< impact· of. the. supercdt:1~ai o.1rfoU 1.11 1I11tnifee.ted ia ·tb::J inc;e~se in drag div~zgence Maoh numbet',, which is dete·i:mined •. ~ f f~pm ~he ·~ollowtng equa~ion :. · 
	1 ·1 ~· ..: 
	I 
	J 
	t 
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	{Thh..Puga_ Ii UNC.LASSt:FlE~.) 
	(U) AM•· (AMno)ite-f :t-(tic·..:. Q._082) 
	·The C*~im>Re'f' shown in _Fig~ra ·z:; l-9· is_ derive~ :from_ Lang.l,E!y· Rese~rcn Center wind tuanel. tests of ~"e -F.-1,11,/-TACT. 111ocle.l with auperc-ritic,1 ail"fo.U.a. -~he seaon.d t~i:m of the eq~t:.f:'o'n c:.or'rects .for· d.t#.er.eocl.! in thicknt!.~• _1;&t.l,0 be·tween the wings ·-c.onsidered ia :thi_.s -s.tu4y and. t~e wj.~g_s .thJ1t. were l:est~d~· 
	(U) l!'.I addi~:r.c~ to 1,ncrea-,!!tng ~e drag· div:erge~c.e Mach _ numb~f, the supercritii;:~l atrfo·H also·. ruui _the: a.dv•~tas~ Q_f obtaining high I/D t-§ .wiGb01,1t ·.t;~ -use. of a l~~~ng--edge fl;~p b·~caus~ ~f. t!i,e Muni; lead!~ ·e4g~·· ··.An super~ritica-1 wing ~a fix~d. lea'dint e'dge ·and i:hurdore offer aa, a.ddit:ion-at ·w,f!.ght savings. · 
	. (U) ·1'1'th regard-tid-trim d·rag. c-ei:tll°in.-si111plifyirit as.s~p1:l'ons ar.e ·made -in. th~-de.a.tan Jn4 dev.fill\C?.pm.1:i!ni: ·of~ fiaJite;·~· Cons,iderable :e.ffort is dir-ected tOl(a:ccl mtniuu.aa-tion of trim drag_. aQd. J:t: ·1a rJa.sonable ·to· .~ssume thiit -levels· of t,dll! dt~g: cOllipa.tt•ble t,o t.\'lo~e· f.ci-~'! :t,l\stc b-leoQ_v~, ai1::f0i.~ are . a ti::a,inable fo.t toe ·superc ri~i.cal will&; Tn·e ·criat cl-rag. is ~ompuc-ed· by ;akirJg ·the· r•tti> ~f t-D· ~ntdmed. c'lr11g due to l
	7,1,3 .~er.f~rt1'~Th~~ 
	.(U) ~~ali.~_d.c es~bates. o! the ~l$neU\~e-r p~rfotmance .p_s.ra­metel's must.-include...botb ·aerody.n~mics •nd -'til~lght~_. '»ha.~. is 
	(a:z.)1'118X· =: Uf~ @ max. tbrus.t 
	. ,t:Olllbat. weight-
	and 
	combat wt·, ., (c~bat wt}4018. . + b.comhat Wt. · Baseline 
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	o·eN'FIBENHAL 
	(Thi,. Poa,e Is ·UNC l.-\~lflEO) 
	rrevit:!US· .s·tud le9· sho}'I that .the change .in c:·ombli.t weight Pk')' 
	be a.ppr01d:nia.ted. ·by the simple ,eguadon · 
	i1C9!11b.a.t wt· • .2..-?S x Ast~cc;ura·~ w~, 
	{U.) tbe 11ea-ults of ·thi's parametric st:i,uly. are .aummai:~11:ed• .la.. F·igw.:-es · 7~l-).0 tl)rougt\ 1.·•.1-13 ·in ·the:· £oi;ip .of:ccmpada.un~ of th~ se.l:e1;:ted p.aramet:et1. 
	(U) ~ effect of ·sweep· at ·aspect ~•da (l.O) is . ~at~~~f.!ft-PJ iJ~~~~ :P t-J~ur.e 7.• l--10.,. '!fh~re .it i!J ~~en tJaal:. 1,n~r.,asiug I"-~~.3 3 {b) . sweep. s;enera.lty improves bo·th .~ and 18 ~P.. :t.o ·about 4S · ·. j~·s·ct, · · · · .degrees. This is P,. fDl?c.! ·e~illpl~ o.t t;~ 'b:!lld~ofj; be~~ : . . .~ ( 
	w~~bt ~ntl a.~ro4yn-.i1cs, l',r:fom11.11c:.e-da·ca f~r '1S'~~~J_. "J .. 4'01:B (witti.bic:onvex wiag) are shown in the .f~re·foi:' refet•· ..St'-,l,'-A ence. ;rhe tuperti.titiclil wlng pr~v-td,s .larger load.:-factor 
	.:v~lue.s. a~ stibs.oni.(! ,gp,e-e~s an'd :Sligh!;ly Sll!&ller 1/'&~ta~B at.· Mach l,:2-The S\lpe~rl:tf.cal a:tefail also haa·.a -lowe-r energy rate (Ps> at ·~hl!·.Ka~h 0.9 l·s·.co~~itlon •.~ .a w~•·.1.'i"adf."~g · e~g.e .11~ee~ of ·.3~ degrees.. This is due. J:o the his.tier=· mln:lmuia ·dt"~~ of .the b-lun~ sup.ercritical 11ing ·a.8 cmapared t:o ·the ;sJ,atp 
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