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UNCLASSIFIED 

Two Dr ochur~:-: ~.:: va ocen subni •. t,ed by ;,_ . V. 1:oe Conacta Ll. rr.i tA.d 
to t:ie R .C . A.? . d'"':a cr:. o::. ."lf ~ sin~l.'9 ::1nd ,; twin P.r.cine a ircr!.!:'t •11h:.ch 
have bnen clt'!Gi f:1ed t) :-ieo t :i d r u:'t 3i ec:.f'ic:.1ti ,·m ;-ir orose<i by •,he 
R. S . :l.. .f • .:-.1'",h-:>Ugh, bot:1 t,.A.se ?. i rcr·.:'t nee ·, t.:i i s srcci.fic·~tion i!'l ·.1ost 
resp':'cts and :.n some cu:=~s exceed it by ':l hancsome :wrcin, ~-:'lej' a ::-e 
:rnable t o ma intain lev0 2. f l ig~1t ot ·1 ~-h eh :1111~ber of 1 . 5 at 50 ,000 
!'e~t, while executing a 2g ~urn ·1s re'1uired . 3ince freAt weir ht hns 
been attached to this requirement , a de'.n iled discuss ion of sone of 
· he :'actors inv~lvod is civen in ~h i s report . 

GI SCU.3.:: I ~:;-

r he r e :; ::-e two -;m in lines on ·11:iich this !"equirei:1ent illay be 
d iscussed i 

( 1) If the r P.~~ire~Ant is hesed on the oper ati onal necessity 
o f the fir, 11~,er cha ·-:r, i r.e its direction in a minimum of 
ti ::ie a:1d space so a s to ;-ut it in:o a favourable position 
!'o:- , t t:ick, t he n altern:i tive ways of doing this lllD.Y be 
cor.sider ed . 

(2 ) If t ~e r'9~uire :nent is ess~nti slly a nm :1oeuvrability criterion 
f or which :10 r ·i ti onal descripti ')n of the manoeuvres involved 
i 3 pos s i ble, then ~he di s cussion must take the f orm of 
a ca nsi~erati on of ways of r educing the drag or of 
i:icre11::;i ng ·,he ,~neine t l-irusts undor these conditions. 

h .:iec ti f'l n (.2 ) o: ti.is r e port, an '3:xar:irile is given sho,ling 
h 1w th~ a i:-c1" 1ft c!cscribed in the origina l 3rochure can turn after 
1 :' i r .<; ':, r- :1::;r. :it t he ~ .ir-::et qnd r,..ake ~ second pas s in very close to 
· he s ,ne t :'.. ,e as c 1ul::! be achieved by naking a flst 2 g turn, were that 
o.)s !;i ')le, by using a hi gh g sinking turn a:-id the n climbin~ bock up 
9f'a i 1 . Thi s d r-,t.a is pr esent ed in Rccor <la n~e with the philosophy of 
i, ·!r l¾gr1-1r h (1 ) qbove . The 1 ,igh val ues of the normnl a ccelerMtion, t hs t 
;; r e p~r~i•:ed by :he aP. rodynamic u,:.ta ti::ms, a s opposed to t he 
: 0wc r u ~itat i "iS 9.::-e exr l :)ited to rive a favotl!'able r esult provided 
: n 0 ,... t 1·'ll•tm "'r •,cedure is ·1sod . It i~ t-elieved t,h qt by similarly 
J. ~ .. t" .&t ' • • 

u ti l izing the potential of ~he a irc ~e:' t, opti,um ways o~ acn1ev1ng 
.? t.h•~r tu-:--ning munoeu'Jr"S o:' oriera ':.i -:>nal s ign:.fic:mce could be devised 
.vn i c h "NOttlct be equivalent to or bet ter t han :i fl:it turn . 

T~ie e<? o:-ti'Tlu:n T,r ocec.ures c:1n be set uj) ::is :.nstructi :ms in the 
-.emol·y of •,:-ic riigh:, ~,3 th c or.ipu-1:.er which i s the ~eart of the l,lX.ll 79 

~:,- s ·,em . 

1. 



2. 

In accordance wi th t he point of vi.ew set f or t h in para . 2, f ollowi ng 
Secti on 1 of thi s repor t, are several sections whi~h deal wi th the drag of the 
a: rcraft and proposals which have been s t udied for r educi n~ thi s 1ra~. These 
orooosals take two for ms. 

(a) The reduct i on of t he elevator drag by t he use of negati ve wi ng camber . 

(b) The r eduction of the 1r ag a t r el at i veiv hi gh 1esien lift coe ffic ients 
at the expense of an i ncre~se in t he dr ag a t l ower lift coefficients 
by the use of t wi s t and camber of t he wi ng. 

Elevator dr ag i s not usually included in performance work. Because 
of this , it was f el t appr opr i at e to ievote Section J of t his report to a 
discussion of the met hod that has been evolved for est iMti ng the elevator 
drag at supersonic speeds. I t has been foun<l that this drag i.s very high at 
high altitude~, as can be seen from the figures given in Table I of Section 6. 

The l a r ge drags are due to the high elevator angles requi red, and 
cAn be mi nimi zed un1er a rea sonabl e range of conditions by applyin~ a negative 
Ci,1o to the wing such tha t the hi i h elevat or angles are r educed. This i s 
di s cussed in detai l i n Section 4. 

In Section 6 are ~iven some fi gures relating to t he potential 
improvements i n dra g and performance that might be achieved. Although these 
a re substanti al, they do not aoproa~h that required to meet the specifi ed 
turni ng performance a t 50 , 000 ft . As di scussed in Sectton 4, there is a 
very l ow pr obability of obtaining suitable values of CMo throughout the Mach 
range. It ls, however, concetvahle that this favourable result coul d be 
achieved by ~ very extensi ve, lengthy, and expensive testing proP,ram, which 
woul,i de l ay the f i nAli zing of t he configurat i on from one to two years. Even 
t hen t here is a chance t hat t he required results mi ght not be achieved full 
scale, and the ai rcraft woul d be prohibiti vely penalizetl under certain con-
1i tions as :Ii sc~is sad i n .Sect ion 4. It then anpears that the risk involved 
i n a t~emptln~ to utilize negative camber is fa r too great for anythi ng but 
a r esea rch pr oj ect. 

Thi ! appl ies even more forcibly to the case which has been con­
s idered of camber an<l twi st, so combined as t o ~i ve both a reduction i n 
e l P.va t or dr a5 and induced dr ag. It is not even certain that it is t heore­
t i cally poss ible to superimpose t hese effects, let alone achieve this result 
in practice. Accor dinr ly, t he figures given in Table I of Section 6 f or 
t hl s case snould be viewed as a t heoretical target only. 

The N. A. C. A. have shown experimentally that the drag of highly­
swept wi ngs can be r educed at r e l atively hi gh design lift coefficients at 
t he e;,cpense of i ncreased drag at lower lift coefficients . The evidence on 
th i s i s discussed i n a general way in Section 5, and the specific effects 
on the peformance a re gi ven in Section 6. The data of these Sections leads 
to the conclusi on that -

(1) 

(2) 

I 
There i s an element of uncert~inty about the mechanism of the 
i mpr ovement s r ecorded , and that f urther work at higher Reynolds 
number woul d be nece ssary to define what the full scale performance 
woul d be. 

The oossible i morovement in drag at 2g at S0,000 ft. is relatively 
small , and there would no t be any chan·ge in the number of g that 
can be sustained in a level t urn with the present power. The 
per formance in other respects undergoes a considerable deterioration. 



UNCLASSIFIED 
Since it a~peared in the initial pha ses of the i nvesti~ati ons of 

supersonic fighters, that t he use of camber and t wi st offered cons i~era~le 
ootential advanta ges , a visit wa s made to Convair in Ma rch, 1952 , t o i i scuss 
t hese and other s imilar or obl e ms . Since the se d i scussions lasted three 
days, i t was possible t o conslrler these matters in consi de rable ~etail with 
t he var i ous individua ls concerned, all of whom were most co- npera tive. 

Tt was concl ~ded f r om t hese discus s i ons t hat -

(1) Convair had not <lelved into the subject of camber and twi st in 
very great ~eta il. 

(2) ~hey had rea ch~1 virtually the same conclusions that we had 
obtained, n~mely, -

(a) That camoer and twist do not offer sufficient advantage 
to warrant their use. 

( c ) That t he applic:ition of a negative CMo was desirable, but 
invol ved 1TTUch too much risk of producing an airplane of 
completP.ly unsatisfactory characteristics to be entertained. 
Acco~jin~l y , Convair went to con~iderable lengths to mini­
mize CM

0
, so t hat unacceptable transonic variations woul1 

be i mp r obable. 
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TURN.ING 0 c:RFORMA NCE 

It is the object of this section to examine the t ,1rntng 
oerformanca of the C-lOL/2 i n relationship to the requirement that it 
be able to make a 2g level turn at 50,000 ft. 

The turning performance of the aircraft MY be limited by 
any one of the following:-

(!) High speed buffet, 

(2) Elevator effectiveness, 

(3) Elevator hinge movement, 

(l.i) Strength, 

(S) Available engine thrust. 

It can be seen from Fig. 19 of the C-104/2 Brochure that a 
level t11=-n is limited to 1.35g at a Mach number of 1.5 at 50,000 ft. by 
the avai l~ble thrust, but there are no aerodynamic or other limitations 
below 3. 7~. Hence, it is evident t hat it is possible to make a much 
tighter sinking turn than a level turn. It then becomes appropri at e to 
compare the relative merits of these two types of ·turn~ in an assumed 
tactical case, to see whether the aircraft can actually come near the 
result obtained by a 2g level turn, by using a more favourable proce1ure. 

To evaluate the turning perfonnance of the aircraft, three 
examples of a typical intercept.ion have been prepared. In each example, 
tha fighter i s assumed to intercept an eneiey bomber cruising at 500 knots 
at 50,000 ft. The fi ghter makes the first attack at & Mach number of 
1.5 at 120° to the bomber fli ght path, after which it turns without loes 
of speed and makes a second attack. 

L. 

In ~ample 1, the fi P,hter executes a level turn at a constant 
Mach number of l.~, using maximum availablA power. Exa¼le 2 has been 
prepared for comparison. It assurrtes that there is eu!"f cient thrust 
ava1lable to permit ·a 2g level turn at a constant Mach JlUJllber of 1.5. 
tn ~ample 3, the fi ghter executP.s a sinking turn at a constant Mach number 
of 1.5 and r limbs back up again for the second attack. 



The data ~i ven on fi gures 3- 1, 3-2, and 3-1, may be 
summar ized as follows:-

Example 

1. 

2. 

3. 

i Distance Travelled by 
Condi t ions : Bomber between First 

and Second Interceptions 

Level turn-mruc . thrust · 27 2 -~ • n. ' IU. o 

as. per Brochure. 

Sinking turn-max. thrust 
as per Br ochure , 

1 Lev~l 2g t,1Jrn- thrust 1 

requi red ~ssurned ~v~i l ablei 

17.9 n. rni . 

lL. 3 n.mi. 

I t ca n be seen that with the design described in the 
Brochure, a second i nterception can be made only ).6 nautical miles 
fa rther from the first int erCPDtion than could be . achieved by using 
the 2g l evel turn called for i n the Specification. 

Great p.ains hav~ not been ~one to in selecting the 
optirrrum sinking turn. It is probable that the difference could be 
further narrowed by a more refined procedure. othe-r· tactical problems 
couli be dealt wt t h in a similar way. Since the flight path is 
~overned by~ computer, the use of precalculated ootimum procedures 
is qui t e oract i cal. 

s. 
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EXA~PLE 1 - l~0o Level Turn, 
- wi th ITIAXimum 

;wail able power. 

M : 1.5 

R : ll. S7 n. mi. 

n : l.J5g 

EXAMPLF. 2 - 180° Level Turn 
- --- at 2g. 

M : 1.5 

R : 6. 21 



7. 

Fi .; .3- 3 

~XAMP~_l - Si nking Turn 

M : 1.5 

n : 2. 5g 



S::'.CTICN J 

It is •, v:.de1:t : r ' :1 :he :-e st:::.·s of ri=-ce nt exrer i:nenta l i:wi:;st:.;-a t :. ons , 
that the ~r af of e deflec ted e l eva t or on a del ta ni r.g i s consi~e ·able . I n 
the case of 3 super soni c aircraft , s no~uvr i ng a t hith s lti tu<le i t q; rears 
t!'l;; t t,l:e dr a~ cue ·.o t he def lec ted ~le vat.or :,:sy l,e of 1.he order of the 
dr ep of t he r ~s t of t he a ircraft . 7h i s ma ke s t he esti mation of eleva t or 
cr:::f.' e m3l- t e r of i r.,por b nce. The be s t P.xperir.ie ntnl dnt.a avai l a ble 
':lpply to moder a te e leva •,or ane l e s and t o one p"l r1.icular e levstor peome t ry. 
Thesa data s.r e used be :!.ow t o rredict t he drag of ot her e l e vat or eeome tries 
tha t s re of inter e s t, at a r.eles ~l t o moxiraun deflection. I n part i cular 
the e ffect of a par t - sran i nboard e lev1tor i s investircted . 

DISCUS.SI LN 

The mos t ai:,pli cable expc:rinenta l r e su~ t s were t hose fror.i r oc ket 
~ests on t he Convair Delta r epor ted in nef . (1). Fig . 18 of t his r eport, 
pr esPnts t he dr ae data i n t he ~osL convenient f or m, but subject to two 
a s su:·rti ons • (,'..l) tha t 6 CDr,iI~/ var i es as o2

, ond (b ) t :1at 6 (dCo/dc
1
2) is 

pr opor tiona l to 6 . Tl.ese s ssunpt.:. ons were cr:13c ked 11sing t he subsonic data 
o f Ref s . ( 2 ) - ( 5 ) . 

it w·1s f ou:i.d that (a ) 11a s r eason<? b l y true . 6CD;,rr ~ varied as a 
r ovier of 5 b~~wee n ab~ut 1.5 a nd 2 . iince superson.:.c drag of a n aerofoil 
var ie:; as (L1ic'.i:!1e s s ) ,a :1d flap ,•e:2.ec t ion may be looked on a s a kind of 

qAr o: oil • ~i ck~e ss , i t was a ccepted t hat (a) is va lid • 

.',sswri; t i on (b ) .va s not f ou nd t o nold very -.vell in the ca ses 
i!"ve stir,., ted . H.e f e r e nce (2) 1·,hich is "leain the Convair model indica ted 
f OCd li ~ea·r i ty i n the r a nr e - 20°~0 < 2cf. R.efs. ( J) and (4 ), Ylhich were f or 

d~•l t9 wines , ~,ere f1Uite non linear, HAf, (4) in : act being very irree;u l ar . 
i1e: . ( .:: ) efa i n shoved arrr oxi ma te linear ity. Since Hef. (J) un.,lies to 
a ci r cu~-:ir "lrc: se ction a nd Ref. (4) to a d ouble wedge, wh.:.le the others 
'I r e (:r boc ox secti ons, it was decided no t t o weir,ht t~es~ results. Further, 
s i nce the i~cr e ~ent in dr ag r epresented by 6 (dCo/dCL) 1s smaller t~e n 
t. he 6Co:,:i:~ ter m, it wa s de cided that in t he absence of bette r information, 
c{dc0;dC12) may be taken as linear wi t h o. 

TC F'.\C:'vR r"'I ~Urt.E 18 (A ) ;~;:;Fi;r<t::lCE (1) 6 C0 ( MIN ) 
6 02 

T.-ie a: su~ption made is t ha t ~odels of diff?.re~t flap eeometries 
but : ne sa::\e liir.g -ir e a , ·11i ll, f or the SFtme ' q 1 and flap ang-le , have drag 
incr P:cents (t.D .. '.I;~) pr op -:irtional to t he fl ap a rea s , 



Thi s ;3ives: = LJ.D.-. l _ 1_._,,. 

q 

X s Cl OL.. 

(b.Co . _.,) ClOL.. = 
. .:l. . t 

(6C ) 
D:.'.l ;~ 

.3 

A c::.8c k we.s w.d.e on this 32su::1ption ns fol ]oy1s : 

Diehl ~see 150 c i ve s velueo of tc0 ~ f :.a N )( V or var ious er r a tios. i,lean value s 

~c ~ 
0 - rf were cP.lculntnd f or the test ~ode l and for t he Cl04, using the va l ue on 

the c hord r,assing thr ourh the centroi d of t he expos ed wi ng a r ea (i .e. tha t 
a r ea not covered by fuselore) . The r at ioi -

(6Co:iuN) Cl04 

f CD MIN) T .:.i . 

f or a e i ven elevator deflection wa s t aken as a n 

al'-.e r !'v,ti-_·e fac t or . I ' was founc ';o 'Jf.r ee reasonably with the f actor cal­
cula ted by t he ot;1e- ::t'3 thod . 

TO FAC~C?. FIGURE 18 (C) ;,;;_c~a,: 'ICE <vf-:C~/ dCLj 

In 1.h"' 1-1bsence of any i:1f or r:mt:.on to the contrary, it was assumed 
tha t, t,l- i e (JUa ntity var ies ui t h flap sp:, n only. .:::.ee bel ow. 

. 0 

9. 

The only dreg data on ful l e nd part - span inboar d flaps on a 60 
delt.a wir.g :=ire those of Ref. (J) fiF, S• 6 a nd 7 . The va lue of t he results is 
recuced by the fact tLat it is neces sary to r ead diff er e 11ces i n s r.mll flUanti ti flS • 

Full s1 nn and ;-sr t - s:-an : ln;s wer e con;:::.red nt the s::i!'!le Ct's and fl ap aneles such 
as to ii ve a~1rox:.::-_;:;+.ely ·,he s:';ne ? i t.c!'l i ng r.ior.ient . I t v,a s cc ncluded t,l:lat t he 
,r,ai:1 pa r t o:.' the c:i fference i n dr :;g i s ::.ttr ibutable to pr of ile dr eg , and thP. t 
t:1is ca:1 be allowed f or by ·.he s·:ne factor a s for full-spa n flaps/f~.)ClOL../ 58 L S / (- )•i'est Mode 

s 

2r'i:.:CT OF F,i.rtT- Sr ;:.:1 ?LJ DJLl:cnc:: o:\ dCo ) 
d CL2 

0 

Theoretj cally the s : a n loadir.g on 60 d.el t a wing i s close to ell i pt i cal• 

T~at due t o deflecting a f ull sp'.l n, constant percent chord flap is t,herefore 
close to el l iptic~l a :so . ~he l oad:.:1[ c ue to deflecting e par t •sran inboar d 
f~sr wi~ l :--e fa:!' ~ron elliptic:il 'lnC it i s rer]'tired t o estimste the amount of 
c~~:1ge 1~(dCo/dCL) to be expected in th i s case on t heoretical grounds. 



0 
C.:,r.s i dcr 3 w::1g AC = 60 , ~ = O, AR= 2 .O with a fla p Gr = . 2o a nd 

7. r 
I) f' = 0 , l)f = . 556 . ::.03Ji ng coeff :cien '". s ,1e re : cu!1d fruo ne f . (G ) f ip . 4b . 
·i 0 

c1 ,rnct co1 
c:efi!li t.i on: 

were ca l cula t Ad : r or:i Ref. (7) . :ie11ce "e " ·:: r: s c:i lcub t e>d f r 0:n ! t s 
C0 = c1 2 

i --rr iii.e 

The shspe of t he s ran l ondi"r curve depends on t he ratio <f . The 

V9 1Ue of "e " 3nd dCo 
d c 12 

~ : 0 se showed t ha t t~e 

r1e, e c~l cub ~.ed : or 0~ i~ oo a nd i"T::phs ; re pared . 

r 
beor e tics l /~ ( dCo /s s r.!all co:•r ~r ed to t.he vs 2.u-a s 

, ctC"i,2 
I 

'- 6 0 
~t.tained e xpe r- i ::ie :1ta lly. T:,e tJffe ~~. b t her e f ore ~.a i nly viscous . I n q 

l r -: c • ic3: c r ag c:1 lcul:l t: c:1. on a par t-s r a n inboar d !"l ap t he values f or the 
, ':: ve fl ap '! r e used . P.1i s is vfl lid shce the eff ect i s sna ll (abou t 3% 
of the t ot.al d r se i n a typica l leve l f lirh t cJ se) . 

the questi on 
part-span 

The data o: ?..e '.· . ( : ) do not r i ve a d <:! ci s Lve a:1swE;?r to 
o : ;-.c·,v t.o factor the t e ~t r e ~·uJ 1:-s on/~(~

2 
) 7 to a pply t o a 

zss _/ 
:'l a p , :lo ot he r PXf'erimenta l data of a ny va l ue ar e known. It is known f r om 
-t- )·

1
-"! .,,-.:,r k at.0·1e t h·,t, t,hi s is not a true i : ,duced d r eg , bu~ 3 :viscous effect. 

Jince . s ·1per so:1icF: l J y , t her e is no eff ect ahead of t he hi!1fe line, a f actor 
t~s~d on the r ~l~ti ve :l3 p sizes of t he Cl04 3nd ~he t es t model is surgestP.d 
by strip the or:1 . ·r:1is i 3 : he s:1me f s c t or u ; ed be f or e l 

/<~) Cl 04 / 

I ~ ) T . id. / 
L s ..J 



CJ = (;i) 
0 

( l) 

The dr F.g of the :i i=>r opl ., ne 1dt:1 e.levnt,or s Jf:' flect,0 d is to be 
c -=i lculn t ed by : 

ldCD \ 
2 /lCo \ 2 t:. / dC0 \ 

j - , , - ,. 2 + 2 • CL +I --:;-
1

.o . F + - ; 2 1. 0 , CL , F + 
. dCl., / o=o \C,0

4

/ t..o \ <lCL / 
\ (2 ) 

; 

( 3) ( !.) 

(l) ·1'"1d (2 ) ·.re the nor r.al d r-=tg ·,':l r ::is for the aer opl:rne (o = 0 ) 
(; ) : (68~\ is ~ P.Rd f r on ~e f erenc~ (1) figur e 18(a) . 

!...o2J o 
2 is read f r om • ,..im a nd o/g cur ves : or - he ::ier opbne. 

; = ~~\10 ~ T~-J 

( .. ): ~ f Cn ) is re .:;cl frnm nF?fer e!1ce (1 ) fir,ure lo (c ). 
. .., 

~c \dGr,"" 

fhi s ·e r :n is i; ::i co•,er the ':.r ue i:,duced drag due to a p rt si:an 
i:1::-c ,re. :ln~e -:'he v'..! l

0

ue of O( /o is fir s t cslcul>l tP-d a nd the 
v:;lue :J: 6 ( .:...12~ i s rood : r on the curve F 

d (' 2 
--L 

11. 



In c::-'.i<> r to prc-viJi> ·-1 ::: hf,ck en the .-1::- ,g ·,; i.luPs c:i lcul ,te,J U? the 
r:e thod c f R'3f. ( 1~ . " ::c t :-.t ::- :r.e ~ho: n!' :tn:.i lj·s i s -..,as at t -:! r:-.pt ~j , 11 .s ir._g !;;i. ~!l. o: 
Re f . (2) whi :::h .:ioolv to tl-:e same , ircr 11..: t , . . .. 

12. 

':'he quantity / ::;D 7 wa s calcubtecl f or fixed C.L ·,n1l v:.. rying o, 
~ I 

;,. Jo • I .J 
E1 nd pl otted ve r su s c, Fer u o- e:i -> v·1tcr t hese c1.1rves f or v:J.r i o•:s CL's c oi nc~•.led 
fair ly ·nell; t h•1t f or ::; L : 0.2 5 w:i..::. t .. ken a s a p r lybf to all CL 1 s . 

Thi s curve , obt,-:. i :;ed f r om subson t c ·!at"' , was now a pplied t o sup;_' :r sonic 
cl r !ig e s t i m!.ti on for t he ~ ,me d r cr ,~ ft , The resu:_t f could be '!hecked :1t : - 9° 
by c or. pa r i scn with t !'!e :L.1.::1 of Re.: . (l) . It was found th,i.t the agr ae rr.ent was 
ve ry goc<l . ':'he curve wus tr.f- re f or e used t o estimate t he dr ag of the C 1Cl4 a t 
st:pe r s onic speed~ . 

sonic 
d r :1es 
cases 
tuken 

The ::l !"· :g of t.he 8 104 was c:.i.lcul:ited b:· both methods f e r two super ­
fl i ,_;ht cor.<.l it. i or. s us!ne !'ul.l e l e v.:i.to:·, ':'he r:1e t!iod c f Re: . (2) gave hi ghe r 
on both c:1ses , ctb0ut 5% and l e% of the Ref . ( 1 ) va lw,•. Since tr.e se a~e 
where t-,ot 11l :-t r ,1e is sbcut t wi ce the c l P.·-1.n .:,/c dra ,· , this cornr u r i son i s 
to be a j ustifi ~a tion of thP me i hod , ~ qef . (1) . 
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Cne of t he i• iwr J~.t d :. f" ~cu:. t.:. ➔s a!: :-,~.: , .... ..-,fi 'Nit:1 '..he '! -:i t r 1 
qnd :na no~uvr'lbility o ;.· s•..:pr.; r ::; ,1ni ,: ~i:-'!r ··1ft is '1 Li•T·.., •✓ :!r i·1 ·. ;o., , 0v<? r ·:11? 

spt!)~d - ~:1re , i:1 ,~ J!1 .. r : -: .. --."lp~ • .. ~ J~ ~ (I : ·1: ~r.d r~r . ~= ~ ·.;1·1 :,a~" ~U'/ ~· :: . 

:'':.:. 5 i.S ~U'! •.,:, 5('Vnt• .. , - t• •• rd · ,,r _· , .. , S .. i - .p Jr+-,,-;:, t ,:f W 1:!_ r-•1 ·; r ,~ : 

0) .;::i·:e-1?·1t -if "'!'"..!.,·,·: --:ic ··•,i r-':! :':' m ·:h0u ':. J5% ,iAC ::i ':. s ubs"nic 
s:~•~Us .... J 50.; ~ .... ~' i.[?!"" ::_:ii c ·;;~Pds . 

(.? ) i)p ·.,, ri. or a t.i on ')f -.:on·-r ·Jl O :' '.' 9 ,: ti ve ne :' s ., t + r •rnso:-ii ~ ., nd 
s1J['(?, .. ·-nni~ s.: n,""ds • 
..>.10 ~: c ··i- :- , 1 ":-:i ;; :· s:/"!)'':. ·;j nf. '! ::·~r-,:'t ,s C('·~;-,·· ::- ·,<l t o ,Jr +:1vi0x , 
3t:--:.i : c.·ht ,·, i :1, , :·1:):::oi,ic ·, .:. :-~r•i ft . 

( .. ) .1izh or•' !" ,! L. i OT}:... '.'". :.: :•!"? ~ ') iC. ~ G11S"•i·1e :-:tl.:,· 1 0 11 j.,., •. :,ic r r ~•s.,~·,;, . 

3on'? · .e~sttr ,., of p ,sitive st'1t i c s +.::ibil:. t y 11us t be rr w i d ed r. :. 
l m: sp-'•'d (:.snd.:.'1P, ~no • ::: ~:e- ofr) a nd in c •JllSP.·1,1ence , due •.o (1 ) ver :; 
L r:7e r·,s i t i ve s t'1t '.. c ,.n: , .::. .1s wi ll b1 ol: t:: i ned q t t,r· .!'lson:.c sncl sur,e:- ­
.;·:1:1ic ::re ,:,d::; . F'or bn l :1 :1c: , g ur sucil 1-i ::.f h nos~ d')wn ri tc:li".'lr ::ioncnt.s 
: 1rge c :m' r -.! l 1° ~1,.. cti Jns ·1:--e :-eq:1 i r Pd . ·: he s i tu '.l :ion i s f :1r c,:1er 
1,-er s·,st~rl b:r (2), ( } ) 9:1c. ( .• ) . 

( 2 ) : :· :. • i,:.il l i -;i.tci::~o, 0 f :nanoeuYrab i lity s:. transo, ic speeds 
1 :1.j ,1.i5h •:l t.i • ude . 

· ; :: ,-: 'bri s•~"! :1 : r on figur-:: 4 . l , l a, f e c <"in ':.rol de fl '3ct.i ons s r e 
:-'"(1i.1:.r-•d J t t,hut cond i. tion for both t rim and manoeuvre • 

. f '.'i: >-:-y ,): co, ':.r '.>l s f , 11s off r :::rh!l:, for df!fli;i c tions ov~ .. 
2·5 • ·,,1 °:. nult"tneo11s l.:,· con t r ol ~i :ipe ;:10nents ·.rnd dr '.!e i ncr'?ase ou t of 
31 ;-!"; r t i '15 , :'he r e:or e , ':.ob l f ,:,fl-?c t ion :,us t. be lir:iitt?d to s one 
r P.asc n!lb:-3 ::?Ur -') such ·is suy 25° . 'if the co11t.:-ols are of •,~e e l ev '.>n 
ty;:e s •· ne :...o0 

.vill b•:-- :'equ::.r ed to rna~:1tain r 0l ling per f .Jr rnonce , nd thus 
:'1e r ~ is .- 1:, 15° le f't f er l o:-1eit;,id i 1a l co11tr0l. A gbnce at !'ieur e 4 , 1 , 
.vill ~::::iw +.::'1 t .:.:. th t hese lir.iit5 t i ons t he r e is very little cnnt rol l e ft 
f Jr 7a 1,Je11'l ::- i 1&'.' . 

: ., v i .:::. •,; of ':1,.:: -,bove :::.itu:3.ti on , i t is r)n:..y n·3tura l th:i t some 
., ;v.., : ;e ·-1,:; :,f .:. ::r;:J!- .)•:0:::,::n t !1c1','::l : ,ce:i inv8s t i f'1 ':.<?d . One of the se is 
t.he ,15 ,i J:.' " :,e,- ·:!·.'..v·:: "..J c_:: ··.b~r :;,c .,~-:-,- . :':,e :1::10u:1t of c :.1;:,bcr bu:.lt i:-i~o 
':.he ·.v" 1g -::·,n "~ so c ;wsen ·is :o c '.):-i;:l •~:e l :r tri:, :!le a i r craft v,i t h con t r ,,ls 
•1 ... q t r- •:11 ,a· : ~ 8 70st ; .:. '<,J l.:,· : p:'? r- ':l °:.:. J:11:i l n;:iecd ·ind ~C'ifht . To illus+:r11 L,e - ),e 
, r·•• ·,, .. : ! >~ : .,,; ~•.jn .3 :c:1 e. lasii:'1 ;-io::. n:, was •-1·:en at s n ·1ltituce o:' 5C, 000 
!'e .. ':. :.1:1d :.:: "!!l ·11:·-bc ::- l . . ~. 

:''i.:.;; ,1,:,1:lj ~J •? G.;i i ~e q l sol-.i -, i on t o • :1c r- r obl e ;:J if +- he C.. built 
: 1t "1 t he .vi "lfT .::.J. :n t · ·:rj' t.oo ::inch ,w or t::e Ma c~ r :rnge and i f ~ t0 d i d so 
ir. a ~r eJ.id,·,bl-3 :::n:1:1°r . .--. 1·1:-fe ,,now1t of qv1 i b ble e:q,er i "le !'lta l P. v::.Je:,ce 
::·1.,, i,v.,,s •.1:: , • .:id : o i:. -~ .• t th:.s . :,~;nl'.s or t ·, i s inves:..:.pi tion a,·d r r r:i s~ :1t :.d 

--1 
i.1 • 



in :':,:ur-:? !. . 2 . J<? ·,a:..ls ; er :.ai:1i,g to •.:,e reone':. ::-:: .)f t:1e ;'iOCe2.s r,-J::t,~u , r ~ 
fiV"l!1 r,n S:\.C.P,t, ;,.i..::. O!.~ ·,:\"'Se ::;,).:A ls . . ::id s:r ::::-:i➔ ·,<G<il ,1· :.. :-.r .5"'C~i : :-:s e:1-:l 

r,hos,~ :e s t ed ,;:.. +,:1 •~1: sebges .w ::-o sy-J7e tr i cally i:J'>t:, · 0J . :'1-:e:,~·et:.c,1ll y , r.o 

'J>{o is ·'-XP•~ ~tnd :'o r 3UCh c,~nfLcur uti0ns • ·: ~t 0 ·-1 ::::1 'Jnc of "" l-i,:, ::: ~ =--j'.l a:U. :,):e 

e;dst.-'-.C~ of C-, 1.1nd . ,::H:! t is :1('1r se , :'.: .,s t o: •.:h'rl s.:ll;•:d "_i; · : ·"' i:-:·-<>,.,,t]·.:· 
"'o 

:: .... ~:i.~:~ J '1 :·;it:1 ;.ech "h1•r~"r=:!"" . • :'hP • .. :~ ')',7rl -?vide~ce .Jn c ·• r:v~n+:i 0q •Q .,,!_1f '! :. .:; 

t.'1~ :1 : ·_,, SY-'17~ .. ,i -::11 ·:::..nrs . ifr?!1Ct~, i. t. ::wy ·. lso t.e exr<>r:•.-;d t, ;L; t, c,n •.:"::. •.I-\ 
;v: ,p:s .d. r,:1 •:::,1:n:-'(' !', +.he v·: ::- i ,ti,n ot C:.io ·.v::.11 L•)C•)rrie "'.Uci1 ~tore i rt'>-!£Ul:ir 
._: s n the sy-n,:1et.rt,:::sl c·:s·~3 in••?.s tir'.:l ted . 

'::-le t:--.eore l:.:..cu::. l.y e:<i~"'c ':.~d v~r i -::: tion o:' C~lo i s shown qs ciu-v-~ ;.. 
i r. firur e 4 .3. Although ::ioclP..13 t,<>~t.--,d '/IP.re sylllT:1e tr:.ca l ye t so:,e o: ther:i 
::: jsplsyed °' vsria ti on .3f Cu-lo simi lA r qualit-it i v~ly t o th:.i t •~ X,1':°?Cteci :~r o;;i 
"'· C:,, "'r ' ::7: .,...1 • ,.,rl b·, .., b11 ' 1 t ~ n c ,.,h,,.,.. ~h,, S" " "re u -ed to "' • i ... t' -rlo V -t,.1.'1 . , •.• J .... -- -- i .. ..,,--.., . • ! , <, .I,;; • ;:, t:S" :,ave ·ne 

'!Xper :.. -ne ntal.::1 exµ'3c': ed vnr iati on o: CM 9nd er e shmm ':!S curv:,s 9 and 
:; i n : i~ur e 1 •• 3. Cu:-ve C is s till :io t ihe wor s t rossiole f o!" no sudde n 
e:-n:1-tic chrJ~1,;e of si£'1 ·w.s 3ssu::ied . 'i'h3t such °' c '.~a n1:e can t•1ke pl ~,::e 
i s "!vid<:?nceJ bJ •he cuno. :::ar ked Hith f ull line (R.IJ L9107) on fi fllI'S 4 . 2 . 
!'ri m curves ,10,re c ·~lcu:q 1,<? L°! ·isinc, these di!'t'nr ent ,.,s+.i 11n t ns (A, B a :1d C) 
of C·1· '1!1(; '1::'P. r:--ns,3:, 1.nd in f:. rur e 4. t. . 

"o 

The ,: s ti;n;_t.-" ;, :. r oduc-•s a \ "Ary d~sir1-1'::lle t r im cu.:-ve at 50, 000 f t . 
Bi .. t the • :-i·c c 11!"ve El ':. ~:-= s le•,el is i nadni ssi :-ile for +,!-le ~linge :nonent 
,e '.' '..li.,ed ': o ~e0p t.!.e ai. rcr3ft t r 1.r:u'led st sea level 9+, M ::: 1 .05 exceeds 
by such ·. L!r ge -,:1:-ein '1 V3 ilable maxi r:mm design \1inge ::ior:ient ( 54,000 l bs . ft ) 
t:.~t tb~ ·.i:-c,!:!'.'t ·,rn11ld bi:i st:b jected :o 5 .7 g r,ose up -iccele::-ati '.Jn, 
:. f flisht ·.ns ,· ~,13-,pt,ed :1,1de ::- those condi~i:Jns. 

1'--i-:i ~urva:, r esul tine f r om C;,1
0 

estim:1 tf!s B a:id C indicate s t ill 

·,v0:-se si t.u?. t ion . c:.,rr i-: spnnd :.ng f l'.:'ures '.1:-e Given be iow-

:.: ~ ti .i~ tn of Cl,i 
0 

A 

B 

,.., 
V 

l.')5 

1.10 

1.l0 

Out of balance 
$.3 CCeler'3tion 

13 .1 

r~. is :.~Blie·,,~d t:1n t these consider ·1+..ions r~e out comple':.ely the 
f:03S~bil.:.ty ::,f r,t,i!.ic·. ti -'.Jn of negative ly ctimbered v1111F ci s !l design pr oposition . 
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C:xj.:e :-i rrie:1tu: evir:ene,., :c~in ,:s t::·1t ~1 ~ber .1 rid ';:11. st :::in :··e us~d 
t o 1· --, ,..,. .. ~ P r:1,-. ~ , . L·'" f 1.-, · - · -,, • • • IJ \,;. - • - - .. - .. ,n X .J'll\lf'l , u o , . 1. .- .1 _ _ , s wep .... 1'/ll1f'.S ·,t su~•:?:-5:,7i c sneeds 
(R.!!f, (!.), (5) , (G ) , (-; ) , (8 ), (0 ) i . In~,:,r,ti~noof :,!,iss t11d/t: :1? 
,2'}:~t r-ig~~~ i n ;-,3 !"":' rJ!"r.tDn~e c:1 11:.t~C b·-r :·•: ' ~1 c,,,_,~A .,. ') !')J. t,,,.: 5 + ~ .... ,...., i nd. t-~ t.,.,t3 

1 :-e::e:·{t ClOL./2 wi:-.,1 ar e :,ct1.:::::_,ci. · I ·1 t~'..·.: ; · ~~~:.i.~~ ; ~l-:~- ~-:·2:10·,; i· ; E •• 
to~ ::::: s 9 :'"' '=-i ~ -? •,~ + .: : • :1 i. !'" :. ._. :.'" Jy : 

(·,) :.f:'n ;-~ s :' ~,~~y·..-.,,: c..: ..... ,1·1h,:-• r . 

,··: ) ..:. : ... : ... .:le ~ u~ •: :..:':':q · ... ·r:~ .':\ ~-:--f: . .:. l t-.. i .:.ckn'::..5 r n~i c , ·ind d ;_ ff -

~-. :.:-r1y ·" ,., r~ ... -•_, ..... •. ie,r \t' t-..... .. r., u~· .,, , , r r , .. : 0!1 - · e - n-n . . e ., .. t:.J..-.:. . . , .. Jc.. , .... . c6 ~- .. 1 ... . '.l .• ,<., • .:1 ,. ,.._ , 

'!f: ; 'Xi:,, -.,;:-.ic C 1'j! ' ': is ,: t- '."'·· .. c: 50 X 10 qt. '..'. =. : ·} r, '. 50 , C'OO f-~et, . :-::e 
:- -~o : ii"'t .:-·.q ~·- .. ~< ;.ic f: :-- :•f" ... , .. : • ... i~·:"". t.-S :'c ~ thf! Clf .. / 2 ·:::.th 1 fl Lt i"l .: .. :tg 
·.•.· -'. ·.•.l:', ,..,., .·, ... ,. ' ' 11' "'"' t - e ' '"'l'.,.,. - c.., + <• r ' ·n·"'Cl'..: S -u_, ·..,e - <• o f ,:0 ' , , £. ,, t _ , · ~ • f:. '" ol l t ~ _. ...L i;;-.;!l ,._. .._-, ,J., . .. _..J , l ..:.. .. ~ ·• , , ,.J • .:;I / .,... .J.., },J '-

\!::. l . ~ (r· .. -..f . (lC) ) bu : U,fl dr,!f'. P.St,i'."1·~: cs f or the t.wi c t,,:,d , nd •~o.u'cered 
,i'. ~g ::-,us• ·•.:. ,. s··d o:: wi:-.u tun:-,Pl ~es ts :i t :=:r,y:.olc:s -:u:· ' er s ,:i f at :no:->t 
~ .:: · l r-f> ( ~- "" (,.I ) ) \ ' l t} t••" t " - ' .. "'"' • ' " r " \...1 "'f 1' t C f 1 • . · ., 1., .. , _ _ • , ·- · • .. .. J.. _e .. ,ese ~ . .., . :1 ,. 11 .. 1,; ,iea .. u. _ L e _ e c ., 

l
:i.:, •rr· . .-.,· _1 ,,.; _~ -.,·.•···. ··,r,., .•',.· .• - (' V ~u6 to .... <; X 1,-..6 ;~ l ,-. ·· -; • • 0 r t - in til ,, ~ • ...,, J - r • • • 1 _. ,. ...., " ...... I • ; .- v 1 - ;.. J. ;.J •• • • i- ., ..;.6 J. ....,. '-' 

'.h,: ::-e iG :-::: .·,· .. :c:: •: :~:>c:. ·: -2 \ 1:t~cn RE:;:1.olds r:tn':.Y: r s .,f 7 , 5 .._ 10 :.md 

50 I( :c : : ~ ::i ~-.. .:~c. t. .. a .... :\rrt!:er t·educti c-ns i r: i r .::.:g ::-.a:r :)e --·X"rr~C~-~ u 

-:·~· : . -1 3.3 -.-: ··terc; , ':.':. i. ::: sta ·.ci:ie,,t i s , howev•! r , eqt.:ally 
• ;,.=; :, •_;,f:, :1 : f L1 t v.:. ~.f.5 r.·1 ·:in, r c•:.L,<lec lead:.ne 0<.!,-:-es . 

1·1 Ficure 1., ;::'! f.829 , L/D :.:9-s · 0.cn :~l ottcd ver sus ~-'..::!eh 
-~1,:•."•,:, :• ,,. • :- :":._ ,.-:~, .. s . ; .. c o~·.!:'·,r i= o :~ •, :~ ::'i,~tr':! 1 (::1 ) P.nd 1( \. ) 3how s 
t .TJ t ·.:.'-· L,. ,.: o i." t:'li'! :l~ r. J;;~ t r i c~,guLr w:. r.g i s f r eq•.Ar tr,un the L/D 
of :i.-? te .; t. • ·: ·"l"-" r"' lt 5% ;1ing ·,nd t.:.:.it nt loi•:e r s~per so!'l:.C i.bc!-': 
:1ur·,t 0 r·s . ;,r,:, l . ~ to 1 , 5 , the i nc.:r '}<ise i :·: I.1 'o wh:;.ch '\Cconran:.es t~e 
c-:; - 1·r:!' ;r.d •.:::..:; t_- ~= 1·=-e:i:.l?r f or t ~e :,,: ·:1:.r•.g t:-inn it is :'or tr.e 5% wing . 

• . l- • - • • " ~ · ina P. 5d t i1,ck e el• ·· ~:· :. s ~ 'J~·:!~~· 12'">~ s-:•1'" ,·· ~:-:..:..:, .. :•!'C't1J.:c:; no r e:ison ... ,, t us t, - P \ - ., . u 

.. , .... , .. . • · " r • 11 -. ~ .', .• ., ,, "'':'ie 5·:. 'it' " E ..... ,;f Fi(·ure l(c ) , ~·~ve ! :i.rce r 
, , I .. ,t_. ~ .. •, ,,.. ,t.. • • I .,.. .,I • • _., .. • • • •• .- • • .._, • 

' / , ,· . ' · , 1• •• ;.,·, r,17:) 1· V" 1-:ir f'."r-.~ •s.e:r·:1ct r u Lios , so t.l ::.1t no d i.r <:! Ct. 
w , i ~ - • •. ' .... . . . J . . ··'' • • - - .... .., .. • .. 

c ':r,t:,:·: ::c n .. : •:·1 +.l ,, . 1,: ::.. · :1 ·,:i:·.::-s ~·::: :,e ::-,.:ice . rur Lher ;:iore , it should 
roe r- . .,~. ·.-,•.: Y . ,: -:: •1 •• ·. :-:e :·•:'!:ov; r or t:-,•J ::.ncr e:i.~ec..l L;'0 of t he c:mber ed 
~. nrJ .. ,1:~t"t., ,~ •ir: . .: : :: :,.-ur t-? ~(c) is sn::10~;:·,! t. o:,scured bj' the r~. ct tLa t 
- he · .-1 0 :;: ~~ ~~ :~ di:' f\ ~:'"~;tt ai. !' ~, t.: i l 5~; .. i ons . :he f l:.1 t -.;i ~g h'!t: an 
·::\2.:._ ,·c : :" :·· ·c· ~e n ~,·:·r •~:1(!ic·.1:.:!:' + ci ,he ~~- 1l!ine r;df~ , W~lile t~.e c -.-::---.1:t:' r t?d 
·.;:~0 '·:1 '.. ::'.e.,: ·,;: .. :: ~--,,~ :; :1 :::::; ,;, 64.,~005 a = ~ .C, s =-cti 0n str,:,·,:-:;·1is€' . If 
~ .. ~8 : .. l ;~ ,"\: .,...,r ,:nr0 ·.·l:1turer:".:C. , :_ : :- -~ .. : - l!: :--:·, ,:.~t~ J.r :--: :.ck~A SS r :'1 '-.Ji o ·trou .:.c.. ~~ 

. ..... :., ,·., ~;u•. ~ -·: .·.:::e c,f P".e ··~1-er it. i s . '.:5G . (The •?f f ect o!:" ·.arer on t :ie 
:---~l : -. ~4' ~ ,; ,;J ". ~11.~--} ·; c : + ·•::.c ':r.(?SS r ". • .... i o s : .. rt· ·: i":wise ~nd ner;1er..dicular to • :--1~ 

l 1:;1r!i~p c. (" ;;- ,s is , e i'1!rT,.,d t,o in i1ef . (11 ~ ,:nd ('..2).) ·1'hus r· r t o:: '.,:1e 

.:..4. 



:!!; in i n L/.) is :;u0 :c, -- ~r;r 0 ": S '..ne t, ~!'· '"SX i • ... -"· 

0 ,0 56 to 0 . J50 and i s :iv I:, -:it.:~i : :> c::.·l:~r :i .,d ·- ; • • 

rigure l(!l) s:10 ·1s t: ,i; t t::e L;D o:' -+:.:10 ·,;:~i;; • ·.-:- :- . : : . .- ·:::: -- rJ. 
f o r c trai='ezoidal l osd ..1 .:.st.ribut::.on ., P. s a s li;·r.t :.; _\. . .:.,.1-r :. -~ .:1 • ··;,3 

fl :>. t r1i:1g a nd t:.i':e L/::) c: the one ,::a--.:J .. r '::'~ f or ·, !1 -:':. l i. i ':.ic:.:l . 
distribution :.as a sli P, i1tly itieiier L;°J ti1!ln t he flr. t •.• . .:.~;; ~:-···.::· +-. :'-. :­
v:;lues of M above 1.6 . .:'':is .:. ~C.: i c:, : ps ::? ither 1:'-::c.!: :~er~ is .= : .·,,;; 
exper i me ntal error or ·, .a t. ·:-:e r ,: ::; '),S :'::) r 'JS i:-1£ •.r".!: CZ')id:.:. l L-::-• .:: ~~s 
are not valid in prsc t i~e . 

( c) T:.e T:-1e -: ret~c.:.l !" '?!}s:-:,:s c' >r '-<Si ng c~:i1ber ·i::d twist , ·-, ·Ki - ,-:- ir 
illcd~cs=,_':.ion ':.o t :~ • .:-;-::P,"',t '~1•.)4/2 ~ 

.:'::.e t :.eor e tic~l r•Jss o?'ls :·,Jr using camber ,me ·:~i st ·.:.rP :1o t cl,:- ~,rl; 
~xylained and s t;:)sta r.-':. :. •, t, .,,:: ~Y;- .,.r~ :,c.;-,• s lly in t he :lA,~n rep,-,r ,, s . : ~r ~x;-::-:ir✓l e , 

in ~efer~nc~ (;) Jne finds ~ne : ):. : owing ~~r a~r ~p~ : 

"It w·~s s lso sh ; •1m i n Re:'0 r ence (1) t::at : la t wings of r,he af c r~ ­
r,;en t.:. o:-.ed plan f orm de veloped a hi.--~ se cti on lo<;ding at t,he ti;Js snd 
that the c:1ordwise d istr-ibuti.on of lo:id (;3Ve very :1 i gh pea k pressures net?. r 
t he lead!ng edge . ~ich lo~d concentr~tions a re undesirable frorn both 
~.he a~rod.y:1:,,.:nic :md st.rt.:cturel poi:1ts of v:.e ·,v. 7o ?. void t:1is c-Jndition 
the solution of the ea ":lber and tl'list of a swe;:, t ·.-::.ng cesi.;:1e:..l to 3'.lz=1 T O~ t. 
a ·Jnif.Jrm l oad ;'ls s develo;•ec.l in :tcference (1 ) " ( "Re ference (l) 11 is also 
2~fer ence (1 ) of T,hi s r eport). 1'his may be the reason for designing such a 
wing , but on~ would not ~ :10 N it from Refer ence (1) . In fact , in thet 
r~1ort it i s i:nplied t ha t it ·Ha s '::ie cause theoreticsl s olutions f or the 
dreg due to l ift were a vaile'ole f or unifor rr.ly lo2ded ,ving s t~at such Vfi rlf;S 
Here consLler ed . ~~e au r.r.0r ·;l!"ote J 

" ':'he <.: r ::: r (.:U t3 to :..:.:t in es':.i ~1:.t-~d from theor et:cal solutions f or 
-t:.r·,e supHrsonic n ow o·:e:r ' ~1in :ifti11z sur!':lces . Theor etica l solutions 
:ire k:1cwn f or csscs i:1 w .. i ci1 ~he lifting surface i s curvsd and twisted in 
s•.1ch a wc1y as to suppor':. e U?tiform l oad a nd f or cer tain rectan£Ular, 
tri ,rn§:t..lar or taper ed fh.t surfc1ces . 11 Late:- in i{eference (1) it does 
ssy thet it is -=! xpec ted th:1 t the le.?.ding edge suction predic t ed by theory 
~ill no t be r eeliz~d i~ 1~ac tice u~les s the leading edge is e iven a 
fi~i t~ r adiuJ or camber , rhe fsc t t hq t the ~r 3pezoidally loaded wing of 
r' i gure l (a) • .ae '-l. smallsr L/ D t :iun ha ve either of the o r her t wo wings 
c~~ts doubt on the reasoning in Xefer Ance (;) . 

~0wevsr, if i t is assuffied t ~~t t he reasoning is corre ct, it 
sr,ould be pointed ou:. t! :e t the :;104 wing will not hsve s ome of the hieh 
l ondi nf_: s r'9fe rred t o in ne ference (J) . This is beca1.1se, first of al], a 
c ~nvential subscnic sirf oil section. ·,;i :h a rounded nose is used . This 
3~cor d::1g ~ J J ~:19s in ~~fe rence (1) 3nd accordi ~g to experi~en~s described 
in :'\?.!'-=ir~nce (2), would enable about half of the t.heor etical leading edge 
.-:.1:cti on ',O S<':! .:- l ·.::.'. ~-!•i. ,1c .indly, t!11J hieh sect.i on loading st tie tip is 
!' ·1duc~ci bec::1us~~ :he t;.;:s .r 0• ~ot poin":,':)d. G1..u-v9 s showing the s panwise 
v:ir!a~lo~ ~r locs l lift coef ~i=;_~nt ~t hl = 1 , 4 f or sever~l wings acc0rd~~~ 
to line9!"ized s : i:;e!".; ,:rn i c ti1eory s re on page 30 . ( .:'he loss i:1 lift at l:.:1e 
·' p V'' ,....,'~111 , ... , 1 'l "' "~ ':7 ~•,n - 0 ... ~od."' '"' l~ 'Q.-.r'orance (13)) The c11.r••9c:: s 1.10· ... ~• t ,.; :: - ...l- ~ _ .,• '- ~ f...,)., t f,,;' ••'--' 1~ ..., l., • • ;.;J ..I .1.-..c; .. . . -l • 1 V .., ·• 

•·.·.i •. !:.:,c ·.1 t,;s,~ 0 f -.:1':' :' ;, 11it:..:. ti;J •~ff-=Jct:. the l .:)cal lift coefficien+s ar e 
1c':;131ly s:nel1-:?r t ·,an • · 1e) .:>n ,')f the c •-.be:red ':I nc t11ist'-!d wi:-tg of :tefer0nce 
( ci ) ~~e n ~he l oc~l lift ~o~rr : c~9n-s 3t ~e root chori sre equ3l ■ 



26. 

(d ) Chang,,s which -r·L:;ht en<ible the benefits of c:i:i1ber .:i nd t wi st to be 
::-e; -Lfzed mor e :ull,y. -~--

The calcul~tions of the r e rformanre chown l n Sect ion 6 for the ~ing 
c;.rr')ered ar:d t·,;isted for incr~;i :;ed L/c s.re 'r:-?..sed (li rectly on a co-ma ri son of 
the fril ,< ncla rs of ~ef. (c) a~d (i3) . TU s me~ns tha t the :iesi ~n Cr, was a!1suMed 
tote .2':. The r eason f'o r MBf--in,;,; th1s nssu;r:oti on was that the wir.d t,,11".nel 
,esults s!'c".ie,j t,h:,_t. the >;reatest i:nr ro vA.,,ent in 1 r a:; occurred 'l t Cr = . 20, -" nrl 
coincident]y , the ~L fo r a 2g turn at M = 1,( at S0 , 000 f~ . is .195, at a comb:,_ t 
weight o f LL , OCO l b , 1Tn f ortnna t,e1y , the f '. r 11res s now that t he pe r f ormance i s 
~n genera l ~e cre~sed when c~ ~he~ :,_n1 tui5t a t this theoreti cal de si~n ~T o f 
.?Sis usd . Thi .Cl is r ec:a\,SFJ the a i r cr "l~t i.s flown mo s t of t,he t il"1~ ;;t .. .:\ Ct 
L.:-we~ than :.hq des :.-:n r.L and ccn.::eq uently, the lnc r e .:i. s ed Co 't:ecc !"l€ s the :io-
rr,i nan t te-:-!T'. 1:1 the -!r~ r~ equrt tion . There :i. r e t ·.io r-oss ible w~ys of corr ecti n~ 
this situ2t1on. - r-ne i.s ~;.ke the design Ct s maller. The other i s to increase 
t he ~L qt wh t ct the ~i r c rR ft us~~l ly fli~0 • The t heoreti cal riesign CL i s 
alre.etdy '-1 S low ae .2( , '-lr.1 if it ...,~re rlecr e,,sed , the gain in L/n woul d a lso 
foc r e.~se Md much of t,he :::rese nt -= i va nt a r,e woul d he l ost . Therefore . the Ct 
of ~he ~ircr~ ft must be r.:i. ise~ . ~hi ~ c qn he 10ne by i nc r easi ng the ~esi~r 
alti t ~j~ and/or bv in~re'-l~in~ ~he Hing l oArl i nc, However, t he design altitude 
:s li7ited to SC,000 ft. ~y the co~cific~t~on ~nd t o not Much mor e by th~ 
~r.ar;,.ct,, ri st.i cs o f t,urt-r;~pt, ~ng ~ne1;t ~11 o f ·.ih ich have such a l a r !;e decrease 
of nr11 s~ with lncre?. sin, a 1:, j tudo a cove 50, JOO ft . , t ha t only an irnrir:t c ti ea 1 
sert l~vsl powe r to we i. sht :-a t,io woulri :) ro11i:ie enou~h thrust to i ncrease the 
:e~.Ung aoc.•r eciabl:, , Thus , the cr. ly thine to :io ts t o i ncrease the wing 
l ea::!: nv, , This c1n ·:)e ione '-c-. y 1ecr eRsi r.15 t,he win~ a rea 1 but it is not a s 
e f fect ~v-~ A.s c ne rr:i. ~ht supriose . The wing load:.ng will not increase in the 
SA.ne proc ortion 11s the win~ ~rea iecreases hecause , unless the fusela ge size 
i s in~reac;ed t o ;tCCo:r:iodate t he fue l wr.i d , can no lon~er be stored i n t he wing, 
tr,e ;i ircr:i.ft st r uc t:.i r e ;.rel ,,:ht and f\:e l ..,e -i. 5ht .ri ll both decrease a l so . If 
tl, e :use la'se si. ze \. s t r. c r eased to s tore more fuel , t he drit g will i ncrea se, 
t h'..l& i P.featin? the ounose of de ~re,:; sing the wing area. Since the maximum 
L/ n ls r, ro~c:- t io r.;il to the squRre root o f Cn , even if the fusela g!' s ize ie 
r.ot .. ncreased . t.ne ::,ossible P,a in i n L/::i m~de 

0
by 1 ncreasing the CL will be 

coi,nter;:,.cted 1::y the increa se in CD0 whi ch resu lts when the wing 11 r ea i s 
reduced , 

:,, lcul ., t i◊n~ have been !T'x'l··ie of the wei r, hts and perform:rnce of .;1 

vers i.~n •"1 f · :-ie t..,,.in- eni;ined C- 10L. i esi r::nrl te1 C-lOu/X, wh i.ch has a- wins ar<=.3. 
c f -,c~• ""1.r. .\ t,at-le ::,f ccr.,pa ra tive fle;ure~ for the two versions, with fla t 
win ~:·, l s _tree:ented below:-

C-lOL/2 C- l0u/X 

l, Hlh 900 

·,in~ loA.'1inf; -".t R CC"'TD-". r~' le weight, 
('.-.rit.h h,'ll f f u~l) (~r-. / ~~.?t . ) >t . 3 L2.S 

. 190 . 222 

Dr a~ at 2~ ; ~ : 1 . c; h: 50, vOO ft. 
- ~ith0ut Al evator d rB2 12 ,660 12, 530 
- with eleva to r d r ag 1 7 , 710 17,920 

Landjn2; dis~;:rnce 5,770 6, 730 



These fi;:urA$ sr.0w •,h;,t t,ne criJ1 s1n.! C1, hqs increasei f r om 
. 095 t o ,111, and t h'J.t t he l "-l n -Em; jist:rnce has incre;ised ::il_"lost 1.000 ft. 
The d 1!l n1;e in Ct is h:\ rri. ly enourrh t o -=:mihle q,fr:int;if(e t n bF· rAken nf the 
greater L/n that can be ohtainerl ~sing ~Amber and twist . :.md the char.ge in 
lrtnding distance is unacceotable, 

Anoth~r :hange w~i ch nas been su~v,ested is a chanee of olan form 
to that of t he win:;:s o f : i f , ~( r. ) . r;--1__ .- . l(b ) :rnd (c) shcw t~;:i.t t here i s no~ 
,.uch t o choose bt~ iween the rlat. -.. ~n~." . 7!"',e ca :ribPred wi.n ; of r ~;, . l( c) has 
a l ar~f:'r ~./r:, bu t .:1 s i':- wq s exr.la1 ned on ~ . 24, ':,~1:s :-esul'., 1 s s o:ne;.;hat rlub1 -::i~s 
t ~.:: ei.u s:o of thP. d 1fferent 'lirf::-:1- ::: ,,Ctl 'J r1s \18.:ld. If i t lS .:tRs;1.11e•i t.r.;1t the 
r~5·J:":. ts r0 r r ect, th ':!re r~rhqu" •,1,)ul ,j be ., .;o,Jd ca sP. f or using 1 •~d'1£: 0 ±: 
t h<!.t ~~ :i.n !'or7 . : , p w-=iv-":',. the :-,:? ;i. re sever.:il conslder:..ti ·)ns which ~"~~e it 
ina rt ~isablA to ~o so : -

(1) C.alc11 l ;i ':, ~l')ns have 'i !°:Own •.hat t o mAke the aer-:,el'ls4:.;.. c ~r op~ r t ~-~s 
?f !:'lCI: 3 W'_r. ,· s .1~. i_sf:,,ct -:i r j, the wi ng wei.ght wou l-:i hav<?. t0 h'3 
m.---1 .:h :::-e:i•,e r tn:.i. n tr.at -?f !ln :ier-;rl ,1rna:1ica l l y thinner ielta • .. in,.;. 

( ?. ) The :--:? is not enou t:h ~s -=th le S'f'A C' P- i n the l ;n•.se ;:i. snect wing :rnd 
s o t he ~use l 'Pe wo,;l,j '1;,.v e to be l ~r~er~ The :w:iilahle e •r\. ·:!ence 
ctoc .c; net .sh0w i:. .1Rt t,he f':1seh¥.'~ wo,il .-1 have better rt ra g cha r :i c ­
terlst i ~sat -3uoer s0n!c speed s than t he wi ng . Theref ore , f or 
the s~ne f uel c~nac~t; , the ir~g would i nc r ease . 

(: ) The i:-rocl-e "l o f ke P. r-{n ?, t.t·.P r . - . ~(We'11ents s'.T.3 11 enou\5h wh,m 
t.he ·,; ' n,:: f 1,~l tar.:<:s :ire j _:-ai . .1e :1 i s !!',eater. 

(IJ) It i s MtH't? ·iif:'ir:·1lt to obt;:i: n 11. brge eno•J~h gro•.md angle 
w~ th ~•.i --h l •) n1' ·.il. ns .-.., 

( ~ ) Tr.Tr e •_-, no t -or; !"111.Fh c:: ntr-:- 1.. ::· :rf<t ce 'l!"e;\ av:t:b.ble at la::-gc 
--!~s • . . 1;-:::e:~ .: i:- Jm the ":. •. 

-~ --- ,. ........ - .. ______ 
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Tn t his." ctL-,:,, r.c-1'"'1r;,.t \ve fi ~ures t or U, P. rlr.1c: :rn·ler " ;:," An'i the 
r •.,s\. c ,, .-r ~0:--TJ,"' n~~ 1• •,1'.,~ r:'- .!.'.:•:,/2 .:i.::-e !'; i.Vt:?n i. n T;i:-, les I And IT r~ sriec~, • ,..~ ly 
f o , ·,)-; ,, ;- ~ rne win~· .:=in-:i ... hP. r'ln ie s 0" r .1:,iher :1nri t. .,; s•. , ·,.; , i. c.h h-:i. ve be'?n 1i. '3cus sej 
i?: Lh,:! - - ev: ons , e ·. ti 0::-:: . 

"l 1 

f ')r t he ; ,ur"0ses of t h is s ection, " twi.stcd " r e ~· ,,,r~ t.o the :n0-ie -ii:>sc r l bed 
\ r: ~ "'d e n S, ·..i:.id1 !. ~ us~i fo r reri"Jci.nq t,:,e t,nt;, l •i,:i~ at ~L~'1 :!P.si. .-~n lift co­
ef.!' i_ r, jents :i.i:. t~~ exn•?n$e o f -:i. ~l -;her i r ,q; at l owe r li.!'t coef!'icient~. Similarly, 
" •·An~ er iY! " refer:, ':.o •.he 111,:,r! p ".i<.?sc r i bed in Section u, whi c h is used ·::,o re-iuce 
t.he el ;: vator .fra~ . 

It sho1; ld he •m dPrs t c-od th;:it th~ fi~r es for cambe r-eri .-:i.nt'.i cambe red -3.nci 
t ~~ s ted ~n~s a re s o~e~h.:i.t t heoret i cAl, because of the objec tions to these mode ~ 
• .. hi-::h r.ave been fully iisc11ssed i n Sections l a nd u. '..Jhen the figure s or esented 
are vi ewed in tnis li,:ht, t here ·ices not seem to be rnuch hope for meet i n.c the 
turn inl! req:1ir~f';ents o f t he Spe-:if:cati.on at S0,000 ft., by ae r odyn;.rnic means 
al r ne . :=-0r tr: ~c: r e.-:i. sor., t he e n~i ne size required to meet the req11ire:nent has 
b~e n ~ i v Pn i n Tq~} e ! . 

Tr. ~his ccnr.~~ ti on, it i.s of in~erest to no':.e th~t recently Dr. ~ooker, 
~r tne 0 r1et0 l Cc~nq ny 1 ~entioned that they were conte!Tl"!)lating the develooment 
of -'in en,•ine very s irni lar to the Olympus h.;.ving 20,000 l b . Sea Level static 
~,rust. Th:s engi ne would c orne very close to giving the C-lOu t he necessary 
t •1:-ning perf o r Mance . This i s becquse the Olympus operates at a lower tempe r-'i t ure 
· .r. ,n t r.e TP. . 9, +,n11s ;-er:riittin~ hi ~he r afte r burne r aue;mentation. Hence, th~ 
req-~ :Ce<l ~. L. s ta t ic t:i rust ~or a n <H:vl'IT)us tyoe of en~i ne woul i be slit:?htly less 
•h~r. : e r the T3. l type of engine, w~ich is used .for refe r ence i n Table T. 

~:, vl.""' o :' t he nessi.mi st~r. nature o f the result" of the investi .;;atinns 
- -~ w;, ·:r :; f l "'l· r ··,·d r. -: t he ,fr3s, : •. ·,13. s f -:>lt 'lO""'"'."O;:>ri,te to finrJ. out whether the 
:--=~•.;1 • . ., ·,;ere> s er: s i t ! vt: to the •nl·ie c C the !:-a 6 <?ffi ci~ncy '' e- '' wt:i. er. !.a s h=!en 
•• · ·· •~1·.!'·' . :!" €' ~:· :~ c-•, 0 f e!"'rc rs , in t.he est. J.,Atl.on o~ 1•e 11 , i.s s hown nn the ccirr,et 
, ·-- _:; . ..,-:, ... ~ 'r. f ; ;:;:--i:: 6 ,lof ~r.:.. s s ~~t i o:-.. It c;; r: °he' st?en tha t f A~-lv l;irge err,:. r ~ 
'· • • , · :.r~ i- · . r (• ~·o•;: ti or: M':erh 1J:; . TI". ~~ ~ !" o f consi.rle-:-:.> r lr, i. r t.ere"t., $: r.r.e 
• : ~ ,:_-; • " r" • •Jr . '.. ", ~ ~ !.. .; 0 r. t, r ' $ 3 , it ~ P r ►, i c- l!O t, er. t i re 1 y s B t, i s f ;:i c- tc :;.-·. 



' ' 

I 

Stanrlarci 

f 
I 
I 

i 
jTwi~ted 
I 
I 

' . 
'.c.'!l.nl:-ered 
i 
l 
I 

C-lOh/:? DR~~ V~'RIAnr,~ •.-.TTTH ''~", FOR T.~·rs-rED, 
r 1\ ,~r.:nr.:~. .A.~;r, ("'1' '\~:r._t? D ,,;n:r. ~, 

~ ~ 1 • S V. '. . , \ ! S0 J 0C0 ?°''!' • 

Drag 
"g" '?ero "Induced" Elevator 

Lift 

1.0 6,)20 1,750 1,113 
L5 6,320 3,~30 2,359 
2.0 -~--t'.l J20 7,000 s,294 

~ ............ --1" .. ...__..1 ~-....... -
I 1. 0 t ~, B5o -50 l, 113 

1.; +¥.,,850 1,150 2,859 
J. ·J ~ ~ c;o ?-.550 5 29h 

~ ..... -_ _._.. .. ~ .. -~ .. _......,... :... ,_ .... ---'·-----
1..0 I 6,320 1,1,0 70 
1. S 1 6, )20 3, f~JO 6J7 
·: . :1 1 t, :20 7 000 2,0J!) 

- . - -· ., ___ 

--
Total 

9,183 
13,009 
l~.6lh 

9,913 
12,1359 
J: .. ?.169h 

~,lhO 
10,787 
15,350_ 

b-listed and 

·---r--·-~--.. •a 

1.0 I A, ~,o -SO 
' 

70 8,870 
it::=tntered 

I ..... ---

1 . ~ , ~, ~50 1, l 'i'O i 6)7 10,637 
"'.' t '.:) 

1 -< ,-~o :,550 I 2,0JO 14,uJO 1 , ~ / I 
l I 

* ?Ased on TP..9 Engine Characteristics, 

with l,S00°K Reheat. 

32. 

-----
% ~. L. 

* Change Static 
Thrust 
Req•d. 

0 
0 
0 23,900 

.o.o 
-1.9 
.r;.o 22,600 

-ll.4 
-17.~ 
-1?.~ 19,600 

-3.4 
-1e.6 
-22.~ 1~.,00 



l 

TABLE II 

C-101.i/2 PERFORr-4 .. ANCE FOR T't'JTSTED, 
r"~~T£REr, A.~m ~TANDARD W1~(}S -----·~ ,._ .. ________ _ 

Weight, 4L,OOO lb. 

TWISTED 

33. 

STANDARD ! CAMBERED 
j .. - --....... _______ ..,. _____ ,..... ___ _.. _ __,. _____ .....,. 
I 

Maximum Rate-of-Climb - Ft./~n. 

0 
20.000 1 

36,090 1 

,0,000 1 

1.28 
1.59 
1.8; 
1.12 

t 

t 
' l 
I 

o 38,200 I 
20,000• 27,000 
36,09()' 15,520 • 

t 50,000• L,850 i 

l.6o 
1.94 
2.14 
2,05 

uJ,,oo 
28,200 
20,uoo 
6,8uo I i 

J :-iaxi!l'llm C'loerational Ceilin~ - Ft. 55,700 ·1! 59,500 

l . 

1.66 
1.97 
2.15 
1.99 

h8,ooo 
30,000 
20,hoo 
5,000 

55,000 

f Acceler4ti.cn Time from .95M to 1.5M - Min. 1_t I (36,090•) 1.26 : 1.11 1 1.12 

l ! f 
& Hi ;,h ~peed Cornrat. Radius - Naut. Mi. } 228 l 274 f 242 

L-------·----~---------j _____ L _____ j_ _____ _ 

·, 
'll 
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AH·tJDIX I 

The single enpine version of the 0104 must. he tailored v~r-y 
close to the enr.ine :-1:.d oquipr.:ent to get the requirt1d perforr:tnnce. Frcn 
the drawings, the i;-·;rression nirht ~-.e created th::it there are ~✓-cessi ve 
cleara:ices nrour.d i;,he e!':r_:.:nc, t:1us per::ii tting great fle:r.ibili ty with 
respect to t.he fitting of different eng-ines. ,,hile trds is true in 
the esrly sta~es of deJir,n, it is not true c.fter finalizntion of the 
v~rious details, uec3use of the close clearances of g ereat number 
of items which cannot 88 !:'ioved ·,lithout 11 f;reat amount of redesign. 
These items nre list.~c belov,, with an estimate of the cle3rance Rllowed 
at rresent. It only takes a sr.all pipe or 1ccessory of a new engine 
to foul these clearances ~nd ~ake 9 new instal]Ation very difficult. 
Also it should be noted that with this instnllation t.he enfine must 
be withdrawn fror:1 the rear, so that clearance for any accessories 
(fuel pumps, pipes, etc.) on the enfine r.iust be available for the 
e~~irP backward movement of the enrine. 

35, 



,,heels to i?1rine .:J~rc:-ud 
~heels to ~usel3£e Jiin 
,Vhee ls to .:1i :1 3~-::.r s 

( ..... hroud 'JU~line nodified) 
-(locally to cle~~ wheels) 

ll!1e 

Engine and ..:Lrcuc 
Engine Shro~d and 
Eng:.ne Shroud and 
En~ine ~hr0ud 3nd 
Engi~e 3nroud and 
E~fine Shroud and 

Farmer Hing s 
,iin~ Spars 
Fin Spars 
Hydraulic Reservcirs 
r:~"uraulic Units (2 :'urbines .3 Ur Bottles) 

(~ l>Ur.tJ,s 2 ;1.ccu:~~lato:-s ) 
Encine Shroud ~nd ~a~ Air Turbine 
Cutside s:<1n ard %::1m ,iir Turbine 
E!lei"le 3:ircud and :St fuselHf.e Fuel :\mks 
Afterburner .Jhr,1ud ,:ind Dive iJrake .:..ctuators 
Afterburner Jhrnud and ~levon :'i.c-1:.uo.tors in Fuselage 
Afterburner S: 1rrJud snd Zlevon C-:mtrol Valves 
Af t.erbll!'ner :., •. r,Jud :: :-id Rudd.er :ic+,:rn t,or 
.:~£'~erbur~,~r ~:::--:.·;d :i !1C !tur.der Go-:1+.rol ,,~1 ve 
Afterb:Jrr:e:r .;:1r0'.ld :~i1d ur'¼g .:ihute StO\'rnr.e 
.'1.fter-bi.trner ~:,re:ud nnd :'·1il iltunper Jack 

I f .. -,T 'I 

~a 

1.011 

l .75" 
2.5" 
1 .5 II 
0. tt 

• 5 It 
0." 
2.0" 
2.0" 

le 5 It 
l.5" 
2.011 

1.5" 
2.0" 
2.0" 
2.ou 
2.0" 
3 .on 
2 .011 • 

.··-:-7ir11::: !1£ srsce under e'!1fine !l!"lC 3f'terburner must be 
.:.-.::ft dear • )r acc~ssability to t:1ese components. 

J6. 


