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Tn 1 ·corii.nce with tte P<'i nt of view «P+, f0rtn ir. oara, 2, "011 ,w~ n , 
'section 1 of this report, are seve ral se~ti on" whi,.h de1l wi. th the drag o" the 
a-:rcraft and ..,rooofa1s which have ~ePn sturlie t .f'Jr reel 1ci n;, •,his ira ;. Thes,. 
orooosals take two "orms, 

(a) The reduct, 'Jn of the el~V'ltor d,..ag by 'ne uce of negative wing ca'!lber, 

(b) The re'luctl'Jn of the tira,1 at re1ativelv hivli rlesi t:n lift coef"idents 
at the exoense of an increase in triP- drar at lower 11ft coefficients 
by the use of twist and camber of the wing. 

Elevator dr11i'. i."< not usually inductee in oerforr11an<'P. work. Because 
of thi", it was felt appropriate to devote Sect.ion 3 of this report to A 

di.scusc;ion of the method that has be':n evolved for esti."llltlng the eln•ator 
dr;ig at supersonic speedc, It has been founrl that this drag :Is very h-1 •1 h at 
h~gh altitudes, as ~an be seen from the fiP."Ures given in T'lble I of Section t. 

'l'he l;ire" rlr•h;f are di.le to the h' gh e11'vator :rn11 l<1s re1u· red, iini 

can be m'nun•zed 1.:n-ier 'i rea•nn.?'blP ranre of conditions by aoplyinl", nP111+1ve 
CMo to the wing such that the r.i..'h elevato:- angle'.J are rPrl ee !, Tt i~ is 
d'scussed in detail in Sertion ~. 

In Secti-,n 6 are ?i ven some fiv,.1res reb.ting to the potent 1.l 
< rn·,rove,,,ents in drag and oerformance that m' ~ht be achieved, Alt11,·u ·t these 
are substantial, they do not aonroa~h that requirei to meet the qrecifie1 
turning p,,-f,,,...reance 1.t 't',000 ft. As dlc;cussed in S<>ction li, t'1ere is a 
very low probab' litv of obt;iini.ni, s1Jitable V'llua 0 of c,-0 thrl)u,~hout the ~~;ich 
ra •e. It 1.s, howevr--r, concei.1ml-ile that th·· s f1vourable r"'<ult 1 re 
achii>vei hy a very extensive, leng+,hy, and ex:·,,ens< ve test in;, r-rof'r'lm, which 
wou1i del:i" the fjnalizlng of the confi"'ur:\t'on froM one to tw0 yeq,,.s. 1.'vt"n 
t,hPn the:re is ~ chance that the required resul •,s mi .,ht not be achte,re,1 full 
scale, anrl thr aircraft wo1ld be prohibitively pen:i.lize•j under cert~in c0n-
1i tiom, as ii sr•1s"·•d in ""'-::tion 11, It th~n ;oirype,1rs th'lt t'le risk invo1v,~d 
in at!;emntinF to utilize ne,~atlv"' camber 1'3 f:i.!' too i::r ... at for anythtni:, bJ~ 
• rese'!rc~ orojec•. 

Th· .!l ~DDlie:<1 ev?n more for~ibly to the case which has been <'On-
s< de red of camber and t1<ts'". so combine-l as to ·ive bott. a !'Wiuct1 on ;n 
elnv11tor drai;: •nd inducAri dra 5 . It is not even certain that it is trP0re­
tically possible to s•1perimpose these effects, let alone a~hieve this re .ilt 
in practice. Ac~ordinrly, ",he figures given in T1ble I of ~ection 6 for 
thi< case s~oulj ~e viewed as a theoretic~l target only. 

The ' ,A,r.A, have shown experimentally that the drag of hir'1ly­
swept "'tngs can be reduced at relatively high desL•n lift coefficienta at 
tne expense of increase'.! drag at lower lift coefficient The evidence on 
this is discussed in a general Wily in Section 5, and the specific effects 
on the pef-,rmance are given in Se~tion 6. The data of these Sections learls 
to the conclusion that -

(1) There is an element of uncert:\inty 'lhout the mer.rianis:n of the 
impr,-ve:nents rer-orde~, 11nd that further work at hiP'h"r Reynolds 
munher wo,ild he nec1>ssary to define what the full scale perforw-ince 
would re, 

(2) The possible impr<'vement in dra~ at 2f" at c;o,OO<'' ft, is rehtively 
sm.~11. an1 there wouli not be any chane:e in the nu,i.ber of r th'lt 
can ~,, c-u.c;t1.lni> 1 • n a le-..:, l • t,rn with thn nrese~t r,ow,.r. The 
D""ri'ormance in other re•me,·t" \.ndercoo• ll <'Ons iderei f)lP .:i,; tP di),.• ti 0n. 



UNCLASS1 ED 
SincE it rl·oe:ired ir the 1ni•ial ct~•es of the investif':1tions of 

r 11pffSO c- fi11ht,.,rr, that tie use of c.1.mber ;ind tw.st offere-:l con,;"rler:ii-.le 
ooter.•ial ariv:1'1ta •ec: a ,.,i.,i.t w0 'llarie to Convalr in M:1rch, 19-,?, to rliscus, 
• he P an other s i "li: 1.r orob lems. Si nee t>ie so -! l ""'l S s i onr- fa 1:• erl three 
day•, It wa'" "◊">Sible to conc;i-JPr thefe .~.,tters in c-or.sL!era,...,le -!et,d1 with 
the v,r~ous i.n,1ivd•1'lls concf'rned, ,:ill of w'lom were most co-nper-'ltive. 

It w1.., ~0nrlJd~d from these rllsr~sslons thnt -

(1) Conv1ir h1.1 not rlPlved tn•o the suh1ec• of ca~ber inrl twist ln 
very Great let~il. 

(2) ~1-ey r.arl re C'h"'i virtu:illv the sa11e conrlusiors thnt we h'ld 
ohtsim'-<, n°n:,,1y, -

(a) Th:i~ camoer and twist rlo not offer sufficient advantage 
to w::i.rr.,int their ,1se. 

(t:' rh:1t the anrlir:ition of a n.,;;1.tive CMo was -!osirah1e, t-•1t 
involve" rr;..1ct-. too much risk of p:-orl·Jc-inf' 1.n airplane of 
c-ornl..,t.,)y unsatisf,1.ctory chara"teristics to be entert.:iine:1. 
A.ccor,iim;lv, Conv11.ir went to c-ons; ier:ible len.;ths to '71ini­
rn:zP C~

0
, so th1.t u~1.cce~ta•le transonic variations woul1 

be i""JrohablP. 



It is thP. o~ject of this se~tion to exa"line the tirning 
pPrfor1r1anci> of the C'-l0u/2 in relationshi.p t,o tr.e req•1ir>'"llf>nt th!l. 4 it 
be al le to ,nake a 2~ level turn at 50,000 ft. 

The t,urninr perfornance of the aircr11ft TMV be limited by 
any one of the following:-

(1) High speed buffet, 

(2) Elevator effectiveness, 

(3) ~levator hinge nove"Jent, 

(S) Availabl~ engine thru~t. 

It c;in be seon from Fi,1. 19 o" thr> C-loul:? 'T'1ch11r, tlv1t a 
leve 1 t1J:-n is lirnite 1 to 1. 35., at 11. MA eh numbPr of l. S at So, 000 ft,. by 
tte I\Vll.ilqtle thrust, but there are no aeroiynamic or ether li~ita~ions 
below~.'•• ~ence, it is evii~nt that it is possible to make a much 
tiehter sinkin& t,urn than a level turn. Tt then become" anrror,r~ r1• P to 
compal"(' the relative merits of tne~e two types of turns in an a~s~ •d 
tactie:11 ea"!?, to see whether the ai.rcraft C!ln actually come near the 
result obtained by a 2g level turn, by using a more favourahle prccedurt,. 

To eval,iate the turn~ n~ performance of the aircrl\ft, trree 
eXR.l'lples of a typical interception haTe been preparei. In each ex'l."lplP, 
the fi-;ht 0 r is ass·med to inter""Pt an enemy bomber cruisins at 500 knots 
Rt 50,000 ft. The fi~hter makes the first attack at a Mach number of 
1, 5 at 120° to the bomber flia:ht path, after wi".ich it turn~ wj•,hout los!:' 
of speed and makPs a second attack. 

In 1-xRrnple 1, the fi •hter t>xe-:utel" r1 level L1rn at a rem ~tant 
)'¾eh m1mr>"r of 1.t:. usinr. m?.dmum availR.h] powl'!r, Exa'll-ole 2 h:is brer 
prepared for comparison, It assumPs thnt there 1° su!ffcI'p'n't t¾'."Ust 
available to oerm~t a?~ level turn at a con~tant Mach nu~ber of,.~. 
Tn ~xa-nple ;I, the fivhter exec·,1+Jr>!'l R sinki nf.' t1Jrn at, , const1rnt Mil ,.h nt•-nb 0 r 
of 1. ~ 11nc! r11mbs bar:k un ac;:e\in for the sec<1nd att ick. 



':'hf> d'l-"a river 0n "i:;nres '-1, 1 -2, anrl •-1, m::iy b0 

s•.1m."'l""'jzPJ ,q- :'c1lc•.rs:-

1. 

Coni1 tior s 

:,ey i. turn-""k'lX:. thrust 
'IS pe F '"~ UrP • 

Sink in{. turn-"ll:i,:. t.,r,19• 
::ir r>er >3r0chu!'f', 

Dic;t'l.~CP Travelle~ y 
Romber bet· .. een First 

and c;ec0nl Tn .. ,erce tions 

17. 9 n • .,,, • 

1, LEv~t 2,,. +>irn-•,r- ,,, 11,.1 r.r-:i, 
ro"cn1 i rPi 1 c;su'l\e" , • i l 'l • l • , 

---- ---· ·--- ... _ -. -- --- - -----

Tt, ~,qn be rcen Vv,•, w~th •t.e desi.•"l deo;t'ri.re-i in '"'= 
t:ir<'c.urr, it :;er-me! intercer,-1-·or cRn tie made only 1,'1 m1u•1r-a' :nil€'-; 
farP,er fror-i +,he first ir,erc,,..,tion tt.1r criul<l be il"niEv.-.d t:r 1<1ir,; 
th.~ ?: 1."'vel t•1rr r::illed f"lr ln the ~r-ec• fi"a\ion. 

l}re.·1• r-1.; n~ t.1·" '1"+ hePr •one to in c;P}f'~t n;r trie 
or.• "!Um s1nkiniz •urr. Jt • s rroha'f)le ":.h·1t the difference coul1 bf> 
further narro,/e I l :,,- 11 mort> re:'ined proced:..ire. Gth .. ,.. t-"lc+,ical nro,.,lems 
coul1 be dt>'l'' with jn A sir,"lar -.;a:-,. <;jnrP +h,. fli.-,ht pRth 1~ 
r-ove,..ne~ by 1. ~onnutP.r, the •1se of nrec,qlrul'lted ontinmm pr•cE>d,1r0 s 
i~ quite nra"tic~l. 
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.,._t if --v~dP,r,t fr-\ \ht! r~. :+2 of' I'P~ent PXff'Y'~:-rr>ntFl invFc+:-. +:,-r, 

•hat t11e :rq• n::' ,r>i'lectPd £>lev•,t0~ on a -..£>l+a v;irir iL ce,r :i e ·,b: - . In 
+hf c,iee o" ElT'('!'.C'i" 'l.ircrpft "'\an, ,uvrin£ cd !-i,h 1'tituue it 1•rp rs 
t ,l'J t +".e 'r· • '.!Ut' • 0 + r,, ,,oflected ele\· 0 +,or ~, :f f c,f' 'r,o O ., er C f tne 
drap of tne !• t ~f tne aircr<ift. ':'11i" ",'lkec +hp es•ir: 1+,ir_n of elev·,t ,r 
cr·,r 'J rr,~ttPr of i·r >·t• 11ce. The b·.t xi-:,-,ri "'''-il d~+ 1 'lv-·1,,1e 
'•I-! l.r to ~ 1a, r t.e elev • or ,ineles 'lnd to ozw r<1rl ~c 1::.,:ir ;, l"v, t ~ ,_•p re+ rv. 
TrFf8 drtc.. 1rP. 1~::-.e1 r,e~r .. v, :io 1reL.ict ~~1e fr r ..,:' ot'iAr rlF'V1t 'T eeor:iF'tri~~ 
t'--F..t ff" vf 'In rr t, 'it 't"'e., u tor .xi 1v ·fr,f]Pct:. n. fr p,,..t c1lar 
tr,?. effect of ,., r·rt-:o· ·,n rb11aT; elev·tor i i'1' '. t:, +"'o. 

The r.tL:t ., p'ic..:i' lr> ex:r.:r•ri. ,1<>n+.al r, ., + ,1e~e +ho~e fro1:1 • cket 
+., t.., or ':.hP. ~ m, ir Lelt.1 T'PJ 1rte>, in Ref, (1). Fi,, le' 0f +hie report, 
tre P""'E he c.r•; 1• c, +,a in the "Jst. c nveniert r r:,., bt.t "'lOj, ~+ • two 
a "'u·-r+ions; '·1) +r,Ft !\CD"' V'lric. rif o2 , 'lnr'i () + •t .', {iCD/dc

1
2) ii:> 

1-l> 

r r 1;- r+ iJn ... ' t') b. T' .. n ... -=i .. SSJ. 1pt::. .Jn ... Wf rt c· ,:: p 

of Refr. ~2) - (5'. 

.l t e fou>\d +, ,t (<i) 11 s r"'J 0'1 rl.r t,ru ... 6C v .. ,L, \i •""'it~J C '1 

f OYier of 5 ,,, 
varie::, as 

er 

• ~een ::ih~Jt l. :i •.'1d 2. ..,i ce ·ur ,,r: '1 : dr 1' _,f • '1 

(+ ("-.r1p r) , nd f'.,cp c_n.._ ... P.(' .. J.. 1.y f: :.Jc\Y1 l;=' F 

a, r >f,,~l 
',ind uf 

V C 

1 ~ ~lL 
.. r (l: I ,+ fru l, t ;1 lJ o'wf .L ;,_r + ~lt-

~""\,E' tfr • f'd. PI'f 11e►~ (.c) f ii n t:1e ;onv .-.J..r 1 <lel Y\(. ~ + ,(1 

f ,,d .1.ineqri+y ~ r + , "' l T}f'") -,:_ ~ < ,, :, -r f • ( J) md (,.), y/ ic" ,P,.,f-" .,. ,r . 
r"'~ltr. wi,..rc:-,. .. P'"'P 1ite yr. 1 rie r, t f. c .. ) tt • d :.1nr Vtry :,·r~~ :. ,... 
itef. ( ) f·ai,, • r,,,ed r r xir. .tr li.r," ~ •,y • .;,~nc r.ef. (3) . e •0 

,, '!ir ,,: 1r , ro~ ir n ,rid pp+'. (.,.) t 1 doul.le ., :ff>, wr: ~"' +he nti er: 
RrP ..... +,..odc.Y :w, ..... ~ ~ ns, i+ w· ~ecid, l ,-.~+ to l"E i, ... ~ .. t t~P ... C) re 1:'" ... .tt~rt Pr, 
sir,,. ':he inc--er:er,t :n Jr ir ~e r"f'f n+.<, by t. {-:iCn/dC:_) is ·~ .ler +••'1 

+hetCD:a:- term, 1• ,. "d•cided thFt in •be ,b,,n•e o: ~t; r inf ~'l:•i '1, 

L(dC[i;dC
1
2) r,y bP tq'-e'1 'l~ linP ir wi •h b. 

but • r," s 

Tie 4 _ c .pti n m0 ~0 ir t .. t 1nde1.r 

.. ir.!" ~ ,, 11111, f'0r t , • 1:1P ' 

i nc .... r ~~n+ s ( JJ 1,.: r~) 

f d'ff•re t ~1nr 
~ P'1!4 fL8r dr--:P, 

~·t~r•r.tA+ riP) 

1 'I.J th· f 
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M"" 1.'5 ( pf. 

f lifht fil(l 1rtrr 1nen+ f; ~ .e .... 'T,f) .... f ,..,1 )f1 !" • 

f_:c)) but tL~ d,..·p ,,::-•,i~ ·,Pc fo .. t• t,1; 

t t---•~ on w~n<l tun jPl t~ ~t . f:"1' ( 

:JJ ut 

w· rg fTlU<:: 

7,, X .. (t) ., r ~2) ) • .. .ilE. tlwse t,. t, -11 "'" 1• • sm· 
,. r '06• Ne; 1rb ·+' 

,Jd ,.., ,.er, 
f !it ...., '-"t 

•f !',•('· ,f 

f,eyr. ::.c:.: 
tr· :'(• 1"' • C' 

, !'' 1:i "• X .... \ I • .,1 X , .1. ... r-t en t) .. 

t) :,,, ..i..C' .i,n<l 
T 

< 
,..6 

; .. ' 1 u 

at ,if.JE I' .. uf-'r "'l:!,..., ... ta··) 1{ v .I. 
1 

now~" J eq, ... 1..i..y 

~ e 

+ i/ 0~ fl 1t v,i"4r. h, .1"'i1lf" r- • 1d(~ lear~.:t ~ ... l,-~"l, " 

(b~ T11t1 .i•:__+_f 1,.,..,ffor1~nt ,lir! il t~r . .> r..1•..L~ 11 ..... _ .... ff-. 
_;rft ..... _s._ - ~ I ;. C J:_1j ~ t • 

1 fi IrP 1, r·c·e 29, L/r,' i.< l"lttcu wr,n· ",,-.h 
'1n:r1-",. ; ,r ·•• r·! c, c 0

• f.:_,. tr / 1) Pnd 1( ; ,Lnws 
t11• •.1 L;~ o:' the f.·' 3r tri>r,pul !' w:.rg .1..· fT' ,or• 1n th,' L/1., 
of •h•• ne • "1\- •• 5% wing nd t' it qt, lcw1,,r .:1.;<'r ~,:,.. \,,c' 
nu 1b r•.__~!' fr i } • ~ t.o l .~, thL inc ,...P se ir :~,:, w •,..h ~c-on' 1rii1: thn-
c ,~l- r >;.nd t,.·,+, i 1,..e,,',Er for the 1'.' w1.r.f •·1'ln it is .rir t .,. r:..,._ 11inf, 
Thir c J~f'·, ·r r , .. t, iLly ,,r·vic."3 no rc-a:r,n fr t' ing 'l c; t_ 'c-k e1•, 
1,' " ,. t·,e~ • ,. ·,, n ~he z::;' vr 'ff r..,f Fi "1re 1 (~), ', v, l • r·er 
L/Li 1 'u":.-+ !~/ .... "'.Ve "!..i.r-rr \)~PC 4 r tio 0

_. !:O t -+- no -1.ri:;("--+ 
C mr .. c-1..."r w~•h +'n i •1 v,i~,..,.s ... ' It: ~ .. ( . Fur ➔ 1 lOr.JrP, it ... hould 
be ; 1. • '.)Cl , ~t., t triE ......... ~t<n rc-r ;-.. ,,..r :.,q -.c: :..,~ 'f • P. c i,...., Pr J 
1 nt...i + v • ~ t {..L /'~ , ,. r F '"rurt :_ \ C) i... J; ""In, : l t I rurt ·l [J~l' ,e ,+ t • d. .. 
•·J~ ,;; 0 , :. ,,.. ~ "'if'f',i.:~p'1+ J:.1ir \,: ~ .,,•io:1 f 1 ... 

i .. p r 
:il'\.C. 'Cl'< c•ion "l'J'r 1ci:•1r+ •ric 1-=· 1•·· ir , ,Li..._c ... + 

and t w s ~ 0 d ,1 ~ T ' ' 1 1 n ~ A. t 4,A.Of;} i 1 • ('' c• i )n < tr• d., • If 

t 'I'" "\ f 1 +- fl rll ~·~ ,....( 1ntar errJC.. " i +~ + • )''"'i\.~ it' i,..',..~n.. r + (" V/1 • -1 ~ n 

- 1. .... c, bu• ..... , e of th P •.n Tit i • . 1St.. 1 fho ,,ffr.c• cf • l'•!' on the 
rp~r::+iv{--\ ,~ 1 ... ~ er+, ic~rf f r· +.:r- ~-+:r-, T"1,, .... r'.'I, ~nd "\1....-,( 1 .1.,n 1 :q:r +(\ 

}P , ... J..'1,-! \r-t: rp:°1" 0 -·prj +o in fipf, (:' ·1 ~ ( .2. 1UP ,... ~1- r f + !1i 



• 
rair in L/D i~ 0 u 0 

0 .056 to O. )"C. al 
to ecrpcs•ne t~r 
i" n du• t c 

Fif',rE 1 (a) 5. t-i~t •J-,p L;..i of t'1 • ~ c. r 
for q tr~rez idll lu½d istricut1on htl 'l .::.~, t.y 
fl t winr 'lr!l 'he L/.1 of tt e onP ~c ' r' for ,1 l iJ ti • .1 
distribution as a dir1tly hifr,er l/J t ,n tl-1, r::. t ,,i'1r' , 
v:.lues of M ab"ve l,ti. ;." L, inC:.ic ,tPr )ither t', • •}iFre ic 
experimental error or • e+, ·l-ie r" ." •c f"r '1Fi11[; •• z a.~ l 
are not vali1 1'1 prac•1ce. 

(c) The Tne _ret:',c:-:1 reasc 1nd twirt 

':hA theoretic·.l r)asons f.:ir usin<; can t•• •~ •~· t 
exr laine 1 and s .l sta'1ti t 0 d {'Y.rer. '1' q 11.:r in t 1e ",.,. rer r 
in 11.efer~nce ( :3) , 1e findc; 'he f"lloving pc~ '!' i:r.: 

10+ c... " / 
r ~ l , 

"It w F ql!o shown ·n Refpre'1ce (~) • t :l'lt •in~E of +~e r~­

mentio .ed pla'1 form dPve1opl>d a hi·h section. ding 11.• +hp •1r· 'illd 
tat the C'10rdwise dist~ibution of lond r·ve r; l 7 t l uk }•t sJrPS D~~r 

tr.e le~d.nr pr'~.,. Such lo-d concentr tion,:: I'll'" u '1e~i.r· l .'r ~ th 
•>ie aAr.xl.y'l ""le and structural poin• 1f v·P~. ,...o "'Oid t i r ,..di'i r, 

the sr lution of the ce."lber and tviist of 'l w,-.,rt , '1f" si, •o r 1;- > 
a uniform :oc,d w0 s d(velo;•ea in ReferP'1CB (1)" ( 11.-vf,~Pr, e ) 11 1s cil v 

ilef Prence (1) of thi 1 rerrJrt) . i'hi s aay be tr,e re<i.son for ,1e .,ip-'1inl" ~• • .:-r- a 
wi'lg, but onP Mould '1Jt 'eww it from Reference (1). ...n f ,c•, in th· t 
rerort it is i~;lied thet it was b•c~use theoretic~l s ·u•i ns f ~ the 
ctrag due t 1 :ift were available f )r nifor .. .1y lo"d ,c] w' n 'S tl • such win; 
Nere conrid, r1c d . , 'le < u t hor ,irote 1 

"Th"' .r,f .1, t, d~t in e.+i .t,J fr m •l11>orPt c'.ll s lutions for 
U,e sur ersonic flo.1 O' r •·.in lifti•, sur:1cr , i'h•vr + .;.c 1 Jut::. 
.re k'1c-wn f1r c,-, s i w .icJ- •,hP liftin€ surf .•e is curved a:i,, twistPu. i•t 
sJch a w'ly as t'-' supJJor• 'l u•dfor"t lo d imd "0r ~er•'iin rect '1-ul ir, 
tri"' 1§'.t:.l ,r or t"!per..,, 1 fls•, surf·ic, .. ,. Late:-- in 'teference (:) Lt, does 
say th"t it is xpPcted thf:'t the leading edge suction rredi~•ed by t'wo~/ 
will not be rPaliz,d in pr<11•tice U'Jlers the le-:idi'1f' edf'" is 11iven a 
fini • radiui 0r c·mber. :he fAct t1 t the •r,ryezoidally. 'ld j vinr " 
Figure l(a) ,,u a ~iulle- 1/D t.,.n have either of the o her two.,, •fS 
c~E> ts dou'vt on thf reai,oning in i-(pferAr,ce ( ;) • 

t.owev•,r, if it 1s a:,suTT.ed t • tl-ie reµ,sonine .:.s c ,r.·, et, it 
should be p inted out tl. t the ..:104 wing will not 'l'IV• f rre of +he ir11 
lo,•di W" rPf rred to in {c•ferPnce ( ·). This L '"'eci:.•:re, firr+ of 11

, 

c;rvential Jubsonic airfcil sectio1 ,.j+h a roundec:1 rn.Jse 15 .red ... >.i:: 
qccord·'1€' •,1 J nes in Il."•ference (1) nd acc0rdi g t,; "'qeri1fn+. dPFcr 1 

.. a 
in 1.eference (2), would enflble about half o" the r,eor,•tic~l ::.eadir.r • ~' 
suction t.o te r • "z , c ndly~ th" :11rh r ,.,, 1 ,n lo.Jinf t t."e tit"· L 
r• ,1t1ced becaus,• th· t'.., s rr, not poin+c.d. ;,...rv••s sl.ov,ine •t-e sr-um.i'le 
variati? of J.0~·.!. lift coef:':c,l 1t t LI= ~.I• '">r.., v•r'1i. u 1p· ,c· r~. 
t> lin<> '"iZPd f,f ·1 r,i" tr,,,ory 'Ire 01 page Y. (.he ,!."S :, 1:'t a• '1 

·"p i't ""'t}"'""tl_+ ll ~ •'1n ~et: od )f .nF'" rpl"'l"IP, ( ... 3) .) td Ci.1! .. ./' C" f' )'.{ 

t ► .,•, ' ,. 'lF _,. h" ,.., n· +, tip .. fr.,.ct thr> 1 ~c'll lift "C' "fi~ .,,., 1 ,1r, 
ac ,!!lly S'll 1 ... r t !'in ''10." -:if thp ~ '"'bere•1 1n,i i 11i8t •d 'Ii· li,-' f .,,-,f.,, ire 
( ) w ,t)n '::.!-, 'JC' l lift. <' ,,rrici,.l'1' d+ t., c> r0ot r',o ·J •r• e U'l.1., 



• 
(d) Chi.>nl""f' which -; •ht. en11blP the benefits of ca~:ber ;inrl twist to be 

re ,.(ze:i more fully. ------

Tre c:i.lcul11tions of the perform'lnre fnown ir Sectlon 6 for the 1,ing 
cambered and twisted for incre11sed L/n are ['qsed directly on a CO"l))arii-on of 
the dra,1 nolars of Rer. (6) and (>3). Tl.1s 111e·ns that the 1fl<i n c1 was arsumed 
to 'ce .2~. The re:i.~on for makin~ thjs assu~ptirn was thnt the wi~rl tunnel 
ree:ults showei that t,'Je greatest 1'.llt rove"'ent in '.Irr.'"' occt rl'f?r:! ,it "L = . ?O, !"nri 
coincidently, tne Cr for a 2i1 turn at I-'" 1,c: at S0,0('(' ft, j<- .:<,,s, a• R c0r:'c~t, 
weight of LL,000 lt, Tlnfort11rRt,e 1 y, th€' r• •urec- show thAt th6 perfrr"l'-lrre is 
in generRl jecrei,sed wh~n c1n,ibt>- An1 twist. at this theoretio:il 1e,' ·n "• , f 
.25 is usei, Thii:; i" beca1,!IF' the atrcr,i"t l'l flown ':Tlo-t. of +,he time rt A "L 
lower than •.ha de&i •n "t and ccn ... q,1ent ly, the • ~cre,i.fed "n0 '?ecol'!1E'., t,hi> io-
"l. nant t ('.....,, • n the rfra r• equ?.t i0n, ':'he re ;ire t,wo • os ... i ~ le 1,;oye of corrertin11: 
thi~ situ1t1on, 0ne is "lake the 1e·i~n Ct S"llll!er. The o~n"r is tc incre-se 
the C'1 at wni~J- the 11lrc-r1tft u~• 'ly fli 'l'rP tJ-.eo,,.,.t•c-1\: iesign CL ;s 
already as low a~ .2~, ar.i if it were decre ee • t'le ~'!;" in L/n would Al~o 
focr,n,;e and 'llUCh of the nre"ent 1dvantai=:" wru:• hp lo••, Tr<"rcf'l'!', the "L 
o!: Pie ;ire-raft ll'':st be raise<l, ':'1i,; '"'ln t-r, ll'lne 'cy 1 '1rre'l.'n· tht' J, .. ; 'I" 

altituJ,. and/or rv 1nr-re,i.~in· •he wine: loari!r • µt..,ever, the ief1gn a'Ht•J1<> 
is ll"lited to 'C',Of'C ft. ly th., <:ptc,-:\fic tl r. it to ~ot "1\lrt- 1'10rf b. +,,,.. 
rr,aract,.ri~tic~ of t,urto'et en•;ne t il: cf wrich n-'lvc "'Jch a larr:c le re<1se 
of trru"t with increa inr altltudo above 5<',")()() ft,, thit nn:y 1tn ;l'llPr~c-••c 1 
sea lev l i:owt'r to wei ·ht r11+io w ul l orov ie. Pnou.i:h thru<>t •o increast' the 
ceil:!ni:: aor•reciably, Thu~, the lrlv t,hlt,· +,,., 1o ~c t, ire .. ;,,( the w1n, 
lnai!nf, This c n be 1onr ty iecreaf n• ~he win~ -'1-e, q+ '' fr not 
effect'v• A<; nne ~• ht '!UP,~ Tne wint ln 1''1~ will nnt incre,~e tn the 
Sll.l'lfl pr0r-orti'm -'IS t 'le winf; :irea iec-re'if'e "ieC'l.1..G , n ... es!': the ru-:ela •e !'ize 
•~ incre-'l~ed to accn~mdate the fuel wr et can no lonper be qtore1 'nth winr, 
the aircraft str11cture weight and "uc 1 we1-:ht ;r 11 both 1ecrease alsc-, If 
the fusslH;e size ls increased to ~tore more f 11e1, t..,.,. drrie w'll increase, 
tn.is dPfeat,inf the t'uroose of de"r~asini: the win!'! 1.rea, Since the m11x1'r '7 

Ilr is nroporticn1.l to the square root of Cn
0

, ever. if the fug~lriv~ size i~ 
not inl"rN3ed, the r !''lible pain in 'u/, rrAdt" by tnc-reasi~• the "L wi:l be 
cot,nteracted 'cy the ir.crease in Cr, which re:ot lts wrien the win;, ><T'ea • s 
reduce'l, 

~,lcul.timci hav<:! been rr.aie of the wei ,J-.ts "lnr1 oerfcrMrc of" 
version of tne twtn-enr;ined c-::.o .. , desii:;n tP.1 r-404/X, wt, er 'l"ls a wi'1; r•~ 
of 900 --1,r+. ~ t I-le of ccmpar11t1ve figur,H· for tl-ie two versions, w0 ,h fl1.t 
wings, is nre!'ente<l below:-

Win~ loaiin, ~ta cc-mnarr~l~ wei~ht, 
(with hR.1-f fu•'l) (r),/c",,"'+,) 

h = c , , noo ft . 

Drag at 2P-; 11; 1.c:; h : Sr, 
- w: thcut levator drAr. 
- with eleva+-,or dr11g 

)() ft, 

(Lr. 

, l 9L 

12,66C 
'.., • 71,J 

t, l JO 



• 
ThLSe f,r,ure" sc,0;.: +.h;,t the cruis'n~ Cr h'ls increasPi from 

.oos t0 .ln, ;;nrl th'lt the hni'ng ast.:ince t,ae incrf,SMi :,l~ost ',t)()() ft • 
The d11nge in Ct i<- tiar•Hy enoui:rh to <>n:i.h!p '!i•:intai:rP tn bP .. ;;ken of the 
r,rea ter L/::- tr:i. t .::an be obtai nP.-! using c-ariber and twist, and the chRr.ge 1 n 
hnding dtstance ls unacceptable, 

Annth,;,r -::hange which nas been su,;,ested is a change of plan form 
to that of he win.-.< of :ir. l(c:), "'i>'. l(b) -inri (c) shcw that there is not 
~uch to choo e bPtween the flat w1nf• ■ -•e ·a~tMred w4n• .,r F• . l(c) has 
a larfPr LID but a" it w:is explaine-:i on .24, ':. 1 ·::. :-est.}', 1s :oomewhat dubious 
bf>c'lus of U,P ctifferen':. ;.iirfo'l ct'.,,,~ ,,....,r!. If 1t i'l 11s<Ju;nei th,1t th~ 
re<u:t 15 cr~re.:t, there prrham woulj be, ·o,d ea"'• for Jlling 1 W''l~ 0f 

tr a .. , p ln fn~ . i0wnrc•r• there' 'll'-" sevE>ra' cors '.leriti :ins wnic-h '1'! ~e it 
i na,, .,, .;, 'J 1• l ,. + o cl o so : -

(l) C'a~cul,1t 1 ons have ,hown that t,, rr.•xe +he aer,.,el'\e+ i • "'l!'0" 0 rt c>" 

"f "'lf"'l, w•n· s-i•,~sfqctor:r, tlw w·n, wP 4 ht w0,211 av"' t" r•1 

rruch ·re'l•er than ttat of nn rier")ri,,...,a•1i,.all;r thinner i••lta \oliri·. 

{'') Tl.r,r-,. is not e>nou1•h U":itle 3"-'ICP in the ln·ee !!"meet wi.n6 :,nrJ. 
so the fu'5Pl'l"'e wr1li 'l'l.V"' to be 1-,,..i:-er. Tre ,v.1ilnhlc e•,1.jpnce 
docs not show that thP 1·,1sel;,,>7" wo·il i h1>ve bAtter .-!rag ch1'l!''IC­
t.,.rl'lt 1,..s 11.t 'luner ..,,,!c speeis •,hnn the wi.riP', ':'her,.foro:i. fo:-
the SPme fuel capnc1t,, the d~-'lg would inr.req•~. 

(, The prob:e "\ of kee ,; n, p,., ~. . "'f' .,, ..,.,n, <1 'l'Tlrtl '.. enOUf'h W"•'n 
the w~n· fuel tan1<s r~ lr:,'no1 is .!!"enter. 

(4) It i::, T'lO:'t} -iif'""ilt t.., o'-.•,n·n 11 11-P-f' "''1('\',;•11 grc•md ,n.•]p 

w' th , •h 1,,n1 win• . 

(t) ThTre 1 < not ~s mu"h c ntr· ! 
rlis'1nc~: fr~ thP • 



( 1 ) •; ~,,.A ':'N J 1<;Q 

(2) 2: ")0 

c~, t: ~C:A 'flV A9J,?/.; 

(cl) Acu~ ~:~ 

(r") t .. rnv./! 

( r ) ~ ,..( V )l1a 

(?) PSW ?·1 , 

( \) A l .. ,1 

( , ' Ac;? qoq 

1c,r2 

(11) A "D• l:? 

( l A'/[ 

(Pl "'1' 1 >1A() 
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