(%)

i
he

TL. Y3-s2/00

UNLIMITED

UNCLASSIFIED

ProloQue
Tom Duge’by

/o ' S
Oduyctio®
A STUDY OF PROPOSALS TO IMPROVE THE
AERODYNAMIC CHARACTERISTICS

OF THE

4,7, ROE CANADA LIMITED C-10L SUPERSONIC FIGHTER PROJECTS

I\

A.V. ROE CANADA LIMITED,.
OCTOBRER 25th, 1952.

2o 11886



URLITAITED

CONTENTS
SECTION PAGE
1 INTRODNCTION. 1
2 TURNING PERFORMANCE, 4
3 ESTIMATION OF ELEVATOR DRAG. 8
Iy THE USE OF CAMBFR FOR THZ REDUCTION 17

OF CONTROL SURFACE LRAG,

5 THE USE OF CAMBER AND TWIST TO 2L
INCREASE THE RATIO OF LIFT TO DRAG.

6 PERIORMANCE WITH CAMBER AND TWIST. 31

APPENDIX 1 ENGINE INSTALLATION ON C-104/1 35
(SINGLE=ENGINE).



S TR PR GG IS
UNCLASSIFIED
- . LR R onid i
2 Uanaltl
Two Brochurses hava been submitted by A. V. Roe Canada Limited
to the R.C.A.'. drseribing a single and a twin engine aireraft which
have been designed to meet a draft specification proposed by the
R.C.4.F, clthough, both these aircr=ft meet this specificution in most
respects and in some cases exceed it by a handsome margin, they are
unable to maintain level flig lach aumber of 1.5 at 50,000

feat, while axecuting a 2g turn as required. Since great weicht has
been attached to this requirement,
\" £

he factors involved is given in
DISCUSSICH

There =zre two main lines on which thils requirement may be
discusseds

(1) 1If the requirenent is hesed on the operstional necessity
of the fighter chanping its direction in a minimum of
time and space so as to put it into a favourable position
for attack, then alternative ways of doing this may be
considered.

(2) 1If the requirement is essentiaslly a manoeuvrability criterion
for which no rutional description of the manoeuvres involved
is possible, then the discussion must take the form of
a consideration of ways of reducing the drag or of

asing the a2ngine thrusts under these conditicns.

) of this report, an example is given showing

ad in the original 3Brochure can turn after

et and make a second pass in very close to

e achieved by making a flat 2 g turn, were that

possible, by using a high g sinking turn and then climbing back up
araine This data is presented in accordance with the philosophy of
capazrarh (1) above. The high values of the normal acceleration, that
;re %ermi‘ted by the aerodynamic linitations, as opposed to the

~ower limitatisng are exploited to glve a favoursble result provided
“n optimum procedure is used. It is believed that by similaFly'
utilizing the potential ol the alrera’t, opt%ﬂum ways of achleglnf ,
other turning manoceuvres of cperational significance could be devise

x +
shich would be asquivalant to or better taan 2 flat turne

ingtructions in the
t of the MX1179

These optimum procedures can be set up as

! ! yhicl he hear
~emery of the flight nath computer which is the

sirstem.
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Tn accordance with the point of view set forth in para, 2, following
Section 1 of this report, are several sections which deal with the drag of the
aircraft and proposals which have been studiad for reducine this drag. These
provosals take two forms,

(a) The reduction of the elavator drag by the use of negative wing camber,

(b) The reduction of the drag at relatively high desipn 1lift coefficients
at the expense of an increase in the drag at lower lift coefficients
by the use of twist and camber of the wing.

Elevator drag is not usually included in performance work. Because
of this, it was felt appropriate to devote Section 3 of this report to a
discussion of the method that has been evolved for estimating the elevator
drag at supersonic speeds, It nas been found that this drag is very high at
high altitudes, as can be seen from the figures given in Table T of Section be

The large drags are due to the higzh elevator angles required, and
can be minimized under a reasonable range of conditions by applying a nezative
CMp to the wing such that the hizh elevator angles are reducad., This is
iiscussed in detail in Section L.

In Section 6 are given some figures relating to the potential
improvements in drag and performance that might be achieved. Although these
are substantial, they do not approach that required to meet the specified
turning performance at 50,000 ft, As discussed in Section L, there is a
very low probability of obtaining suitable values of Cm, throughout the Mach
range., It 13, however, conceivable that this favourable result could be
achieved by a very extensive, lengthy, and expensive testing program, which
would delay the finalizing of the conficuration from one to two years. GEven
then there is a chance that the required results mizht not be achieved full
scale, and the aircraft would be pronibitively penalized under certain con-
ditions as discussed in Section L. It then appears that the risk involved
in attemoting to utilize nezative camber is far too great for anything but
a research project,

This applies even more foreibly to the case which has been con-
sidered of camber and twist, so combined as to zive both a reduction in
elavator draz and induced drag. Tt is not even certain that it is theore-
tically possible to superimpose these effects, let alone achieve this result
in practice, Accordingly, the figures given in Table I of Section & for
tnis case snould be viewed as a theoretical target only. '

The N.A,C.A. have shown experimentally that the drag of highly-
swept wings can be reduced at relatively high design 1lift coefficients at
the expense of increased drag at lower 1ift coefficients. The evidence on
thiz is discussed in a general way in Section 5, and the specific effects
on the peformance are given in Section 6, The data of these Sections leads
to the conclusion that -

(1) There is an element of uncertainty about the mechanism of the
imrovements recorded, and that further work at higher Reynolds
number would be necessary to define what the full scale performance
would be.

(2) The possible improvement in drag at 2g at 50,000 ft. is relatively
small, and there would not be any change in the number of g that
can be sustained in a level turn with the present power. The
performance in other respects undergoes a considerable deterioration.
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Since it appeared in the initial phases of the investigations of
supersonic fighters, that the use of camber and twist offered considerable
potential advantages, a visit was made to Convair in March, 1952, to discuss
these and other similar problems. Since these discussions lasted three
days, it was possible to consider these matters in considerable detail with
the various individuals concerned, all of whom were most co-operative,

It was concluded from these discussions that -

(1) Convair had not delved into the subject of camber and twist in
very great detail.

(2) They had reached virtually the same conclusions that we had
obtained, namely, -

(a) That camper and twist do not offer sufficient advantage
to warrant their use,

() That the application of a negative CMy was desirable, but
involved much too much risk of producing an airplane of
completely unsatisfactory characteristies to be entertained.
Accordingly, Convair went to considerable lengths to mini=-
mize Cy_, so that unacceptable transonic variations would
be improbable,
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SECTION 2
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TURNING PRRFORMANCE

It is the object of this section to examine the turning
performance of the C-104/2 in relationship to the requirement that it
be able to make a 2z level turn at 50,000 ft,

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

(1) High speed buffet,

(2) Elevator effectiveness,
(3) Elevator hinge movement,
(L) Strength,

(5) Available engine thrust,

Tt can be seen from Fig. 19 of the C-10L/2 Brochure that a
level turn is limited to 1.35g at a Mach number of 1,5 at 50,000 ft. by
the available thrust, but there are no aerodynamic or other limitations
below 3.7c. Hence, it is evident that it is possible to make a much
tighter sinking turn than a level turn. It then becomes appropriate to
compare the relative merits of these two types of turns in an assumed
tactical caze, to sse whether the aircraft can actually come near the
result obtained by a 2g level turn, by using a more favourable procedure,

To evaluate the turning performance of the aircraft, three
examples of a typical interception have been prepared. In each example,
the figzhter is assumed to intercept an enemy bomber cruising at 500 knots
at 50,000 ft, The fighter makes the first attack at a Mach number of
1.5 at 120° to the bomber flizht path, after which it turns without lose
of speed and makes a second attack,

In Zxample 1, the fishter executes a level turn at a constant
Mach number of 1,5, using maximum available power, Example 2 has been
prepared for comparison, It assumes that there is sufficient thrust
available to permit a 2z level turn at a constant Mach number of 1,5.

Tn Example 3, the fighter executes a sinking turn at a constant Mach number
of T.5 and ~limbs back up again for the second attack,



;hP_ data given on fisures 3-1 ?-? ana 3-3 may be
> > ’ ’ ] 3
summarized as follows:-

! T
§ | Distance Travelled by
i Example Conditions ! Bomber between First

and Second Interceptions

- |

T Level turn-max. thrust: | 27.2 n.mi.
as per Brochure, !
!

2l . Sinking turn-max, thrust ; 17.9 nemi,
as per Breochure, :

3. ; Leval Qg turn-thrust | 1!403 n.mi,

. required assumed availab1e1

Tt can be seen that with the design described in the
Brochure, a second interception can be made only 3.6 nautical miles
farther from the first interception than could be achieved by using
the 2z level turn called for in the Specification,

Great pains have not been zone to in selecting the
optimum sinking turn., Tt is probable that the difference could be
further narrowed by a more refined procedure. Other tactical problems
coull be dealt with in a similar way. Since the flight path is
poverned by a computer, the use of precalculated optimum preocedures
is quite practical,
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3 results of recent experimental investirations,
that the drag of g dellected elevator on a delta wing is considerable. In

the case of 4 supersonic aircraft manceuvring at high sltitude it arrears

thut the drag due o the deflected elevator may te of the order of the

reg of the rest of the aircraft. This makes the estimation of slevator

rag a matter of importance. The best experimental data availahle

apply to moderate elevator angles and to one particular elevator Feometry.
These data sre used below to predict the drag of other elevator geometriés
that are of interest, at angles up to maximum deflection. In particular

the effect of a part-span inboard elevator is investigated.

(L

DISCUSSION

The most applicable experimental results were those from rocket
rests on the Convair Delta reported in Ref. (1), Fig. 18 of this report,
presents the drag data in the most convenient form, but subject to two
assurptionss (a) that ACDMIW varies as 8, and (b) that A (dCD/aclg) isg

proportional to 8. These assunptions were checked using the subsonic dats
of Refs. (2) - (5).

[ =

It wss found that (a) was reasonzably true, ACD‘HV varied as a
iy W

rower of 8 between abgut 1.5 and 2. Since supersonic drag of an aerofeoil

varies as (taicltness)” ,and flap deflection may be looked on as a kind of

aerofoil tnickness, it was accepted that (a) is valid.

issumption (b} was not found to hold very well in the cases
investigated. BHeference (2) which is again the Convair model indicated
gocd linearity 1n the range -20°$5<I2d?Hefs. (3) and (4), which were for
deltn wings, were quite non linear, Ref. (4) in Tact being very irregnlar.
kef. (%) sgain showed approximate linearity. Since Ref. (3) arplies to
a eiroular arc section and Ref. (4) to a double wedge, while the others
are orthocox sections, it was decided not to weight these results. Further,
sinca the increment in drag represented by & (ch/acL ) is smaller than

the ACp..., term, it was decided that in the absence of betier information,

&(dCD/débﬁ) may be taken as linear with b.

TG FAGCTOR FICURE 18 (A) HEFERENCE (1)( AcD
Ab

MIN )

diffarent flap geometries

The assum tion'ma*a is that models of
— r 1 and flap angle, have drag

. ; y =
but the same wing area, will, for tne same 'q
increments (2D;1y) proportional to the flap areas.



This gives: (8Cp...) Test Hecel x Sy = ADp o
q
(Ach 5
Dyyry) CLOA % 30104 =/ 8Dy y. 7 5
b
q 3
(ACp 8104 = (AC Toite /g8 e
el Drgnd =/ (Be) )C10% 7
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5
L e,

v
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A checlk wes made on this asswaption as follows:

Diehl Page 150 gives values of ACh x & for various Cf ratios. iean values
LIN — e
C
of C alcul ; i
> Up were calculated for the test model and for the Cl04, using the value on
Lo : : ‘

the “chord paseing through the centroid of the exposed wing urea (i.e. that
area not covered by fuselage). The ratios-

(ACDMI N) Cl04

(ACD MIN) T.M.

alternstive factor. I¢ was found *o agree reasonably with the factor cal-
culated by the othe» method.

for a given elevator deflection was taken as an

: /-- -
TO FACTGR FIGURE 18 (C) REFERENCE (1)/A dCp/dci? /

SRR EET
In the absence of any information to the contrary, it was agsumed

that tris quantity varies with [lap span only. OGee below.

PART SkA EFFECT

The only dr=g data on full and part-span inboard flaps on a 600
delta wing are those of Ref. (3) figs. & and 7. The value of the results is
reduced by the fact that it is necessary to read differences in small quantitiese
Full =pan and rart-sran flaps were corpered at the same Cp's and flap angles such

e
as to glve approx ely the same pitching moment. It was ccncluded that the
rain part of the difference in drag is attributable to profile drag, and that
thls’ ca

n be allowed for by nhe sume factor as for full-span flapsﬁ§2)0104 Se
5 (= )est Mode
S

LFFECT OF FART=SrAl Flaf DEFLHCTICH OH(dCD )
dcy?

o)
Theoretically the sian loading on 60 delta wing is close to allipticals

Pl
That due to deflecting a full span, constant percent chord flap is therefore
close to elliptiesl also. The loading cdue to deflecting a part=span inboard
£lap will be far from elliptical and it is required to estimate the amount of

enange 17 (dCp/dC;°) to be expected in this case on theoretical grounds.
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Consider a win = 60 = =92 : £lan o
g AC Ub ) ﬂ O’ AR ‘..‘0 Wlth 8 ‘-.Lar Cf -— '20 arwd
Z 5
N, =0, g0 = =556, lozding coefficients were found from Ref. (G) fig. 4be
-4 =0

Cp and CDy were caleulsted from Ref. (7). Hence "e" was calculated from its
definitions CD = Cp, 2

W k.e

-

i

The shzpe of the span loading -curve cdepends on the ratio g[ S T

- AF Mot 3 ¥
value of "e" and dCD were calculated for QS'%Lssgo ané graophs rrepared.

2
Jnecge showed that the theoretical / dCD s small corpazred to the valu=s

yo e ) /T
/ L

S 53 ,
sbtained experimentally. The offect is therefore mainly viscous, In a
ulation on g part-span inboard flap the values for the
T is valid since the effect is small (about 3%
n a typical level flight case).

pr=cticzl Crag ecal
Love flap are use
of the total drag

He L0
-
;.‘-J
3 -
)]

I0 FaCTOR FIGUZE 18 (C) REFERENCE (1) (PART-SFAN FlaiS)

The data of Re!. (2) do not give a d=scisive answer to the question
af sow to factor the test recults on /ﬁ(dCQ ) =+0 apply to a8 partaspan
/ 2

/ dCy

RN e Y R
Plap. Mo other experimental data of any value are known. It is known from
t4o work above that this is not a true irduced drag, but a viscous effect.
sinee, supersoniczlly, there is no effect ahead of the hinge line, a factor
tssed on the relative £lap sizes of the Cl04 and the test model is suggestad

bv strip theory. This is the same factor used befores
.

(3e) c104 /
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/ (Be )T.is /

=

s
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62 is read from
F= ( Sn) S,
l:_'" c104/ \37/ T

A iﬂCD

: 5
A8 \dey <
This term ls &5 con
{nhoard £l F‘ The
valua i

The dreg of the aseropl=ane with elevators deflacted is to be

/

\

is read from

calculated by

; 1dc
: dCp \‘; ) [/ CD \ Al i.g\ )
: 5 » CL e L S 21.6.C1"F +
. 40 5=p ‘\L\& /! Vil dCL.j
(2) (3) (4)
ire the normal drag terms for the aeroplane (8 = 0)

Reference (1) figure 18(a).

rim and 6/g curves for - he aeroplane,
=

is rezd from Reference (1) figure 13(c).

rer the true induced drag due to a part span
ue of 0(/5 is first calculated and the

!: (]
',._l

a
of ﬁ(_.;\) i rcad from the curve F

-
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In crder to previde
method of Ref, (1), 4n me

check cn the drig wvalues caleculited uy the
Ref, (2) which apply tc

1
thed of anulysis was attempted, us:

. v i o | ~ .
The quantity / “D , was calculuted for fixed Cj und varying 5,
fow :, = 5-__/’
and pletted versus 8. For up-el=vitor these curves for various C1,'s coincided

ol

fairly well; thut for 3 = 0.25 wus taken as aprlying to all Cy's.

This curve, obtained from subsonic :latu:, was now applied to superscnic
drag estimution for the sume uireraft, The results could be shecked at = -9°
by corpariscn with the data of Ref., (1). It was found that the agreement was
very gocd. The curve was therefore used to estimate the drag of the C 104 at

supersonic speeds,

The drug of the T 104 was calculated brr both methods for two super-
onic flight conditions using full elevator, The method cf Ref, (2) gave higher
rags on both cases, about 5% and 10% of the Ref. (1) value, Since these are

3 g
cases where total drag is abcut twice the cleun A/C drap, this comparison is
taken to be a justification of the method «f Ref. (1).
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One of the inheront difficultiss associated with the oontrol
and mancsuvrability of supersonic =zirerafl a largs wvariation, aver
speed raenge, in conir.l Haflection reanl

o]
TAad H + * ey | ™oy . s .- - 3 - I Y "~
vazs i8 aue 59 sevepsdl Paotorsg ngst iopapbanl ef wadern are;

Livasd aw Jar s ¥ 3 5
T &P1IG il Manaeyyvra.,

-

(1) Hovement of serodynanic paentre from zbout 355 dAC at subsonie

oy v ENS a¥  eay
soends to 505 at super

(2) De<erioration of son=rol affactiveness =t transonie and ,

supersonic speod

(2) Short eontral aram of swept wing aiveraft as comprred to orthodox,
strgizht wiar, s
(4) Hizh operational onsequently low dynanie pressure,

stability must be provided at
e1aen“e, due to (1) very
t i ned at trunsonic snd super=-
aneing of such high noss down pitehing moments
ons are reqaired. The situation is further
and f-v) .

J0me measurs of

2 oYjections to large control surfaces deflections are:

Urag lner=suse and sonsenuent deterioration of performance of
the airerait.
Sritical ii=witation of manoeuvrability at transonic speeds

and nizh nltitnde .

zl
3 zun ba seen from figurs 4,1, large control deflections are
raquired 4t that condition for both trim and manocsuvre.

~ > [ S -

5 «nd simultaneously control hinpge moments and drag increase out of

ffiziency 6f contrals f£alls off rapidly for deflecbions ovar

all proportisns. Therefore, total deflection must be limited to some
reasonabls figurs such ss say 25 . If the controls ars of the elevon
tyre some 10° will be required to maintain rolling performance and thus
thers is only 15° 1left for longitudinal control. A glance at figure 4.1,
will show that with these limitstions there is very little control left
far mancenvring.

In viaw of *he above situation, it is only natural that some
avel meuns of lmprovement have been investignted., One of these is
the use of a ne~ativaly carmbersd winge The amount of camber bullt into
t rim the aircraft with contruols

nd height« To 1llustrate the
was *taven at an altitude of 50,000

5 d be an ideal solution to the rroblenm if the Cu buil

1to the wing did not vary too much over the Mach r Jnge and if it °did so
& predictuble manner. 4 larre amount of available experimental evidence
investiratad to test this, Hesults of this investigation are prasentad
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In fizurs 4.2, Details pertainiag to itne ;eonetry 2
1

' n e
30 syTnE Lt cad

m sn=eed . all of these models
5 ¥ ) =5 : - <
nosa tested with Puselizges were syid net 1call nonated.
L&

n . Y . .
A~ Sy 15 expested for such eoafiguratisns.

ich more srrasie in transonic punge
winFs. ience, it may #lso bel expectad thal on delta

ne variakion of CLb will become much nore irregular

: .
guses invasticated.

ically sxpecied varistion of CMO is shown as curvs 4
1gh models tested were symmetrical yet some of them
valitutively to thut expected from
o« These were used to estimate the

pacted variation of CMO and are shown as curves B and

e C i1s still not the worst possible for no sudden
pn wos assumed. That such 2 cdange can take place
urve marked with full line (RM I9L07) on figure 4.2
sulaned using these different cstimates (A, B and C)
ed in figure 4.4, ;

~ O

stimate & producess a very dasirable trim curve at 50,000 ft.
But the curve at uea level is inadmissibls for the hinge momend
recuired eap the amrcrgit trimmed a2t sea level %

=
ge nmargin available maximum design air

e
. M = 1.05 exceeds
by such 5
ac

celeration,

moment (54,000 lbs.

t)

that the °t would be subjected tc 5.7
if fiie st tampted under those conditionse
Trim surves resulting from CH estimates B and C indicate still
“o
worse situztion . Corresponding firures are given below=
imate of Oy il Qut of balance
£l - acceleration
l“L 1&’)5 5'7
B 1.10 7’3
S s .10 13.3
y 3 =5 tne
I+ is believed that these con ﬂpr1+101sd“ule out cc:pl gilgro;ositlnn.
s = £ e T It ympered wine as 2 S1
possibility of pplicution of negatively canm
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GRS 3 a) LERMT s ReERiER NER eyl - - 2
Nt 1] 30 T z mn m b | 0% S h i JE: B oo & S s G T
AT Voo va g -‘.-..4—{ il arbiol aw acvestiaaols i S A O iy ul.f?

yiﬁp““‘ shnes that camber and twist 2an “2 used
Fily swept wings at surersonic speeds

£t 1 U hi
{-. 4 o ¢ - r . . P
(Rats Gy X (u), (9} Jo In Seaticn 6 of this study tre
shangas in performance eanged by =13h camber and twist aprlied to the
Ll / . " G s : i " B ) -
present Cl04/2 wing are Scbulsted. In this Lection, the fellowing
torios ars Foolt LR e o =
topies gre deatt gith brizliy,
f . .l bzt
ta)  Effset of Reynalds annbeors
5.y Pl ol O . 3 ) o - ai % e
in)  alfect of #if8%rent alrfeil thickness ratiec, and diffs
srent maer sagk twiet,
o nt W = S e T . o o . %
L2 idegrnTicil .easans for usigp ounber uand Luisty and
thediy aprlicatinns to the Tressst CICL,Z-
(1) Chaneres weiboh u‘;ht v”'“7ﬁ the benefits of cumber and
iR e s % e 8 - "
twish to be reulized more fulilys
(1} g aftwet, of REeveolds nusber
P FERL IS S

uLéa‘uu/L haced on the me:
x 10 t =1

i tag for t'\-" Sl 2 with © Piet wing

an Tlight mea:urements at Heynolds nurhers of 50 x 1P at

5 (Fef. (1€) ) but the drag estimntes for the twicted and sanmbered
re besed on wind tunnel *ests at Zeynolds nunmbers of at most
(Faf. (2) ). uiile thase trsts chow no measurstle effect of
rurbars from 2.0 x 107 bo Ta5 x lDU 1t certsin that

here 1s no zouie aeffegt betueen Reynolds nunbers of 745 x 10 and

[

O x 16°. Tt 15 z»id tiat further reducticns in dreg may be sxpeched
Tuis statement is, however, equally
‘e irug of flat wings having rounded leading adgese.

rage 29, L/D has leen ylottod versus ‘ach

A corpurison o7 Figure 1(a) znd 1(h) shows
S +rﬂen&ul .+ wirg is greater than the L/D

# wing =nd that at lower superscnic tach

the inereasze ir L,D which ﬂCuonpanieﬁ the

r for the 37 wing than it is for the 5% wing.

vrovides no reason
The 5% wings of F

qrrer =zspect ratios, so tLa, no dlre

s snm he made. Furthermore, it should

nereased I4ﬁ »f the canbered
{c) is somewlwt obscured by the fact that
ai

¢il sen*ions. The flat wing nng an

,,.l. Yy :_\
o
o]
=
N

—'F"
~—~ 3
L'Q
M) |
S

+
o e

Ly i I — = _—
C& N0 suetion percendicilar £ =dg while the cambered
SRRy RS A ” o o Al - { e 2 o arurd o
. BRoghoa iR sn Ni0A ©4A005 a = 1.C, section stre arwises If
& CuI A R ) 21 A 3 . o 11
tze Tlat wiap gwere antdpered, i frvaami.ne thickness ratio would be

el tidekness rat d perpendicular to *he

-

ize of the *aper it is .25¢. (The =ffect of taper on the
: i

reforred to in Ref. (11) and (12),). Thue prrt of the

(@]
tn
+
2]
| S
-
L47]
r= {2




gain in L/D 1s due %o decreasing the maxi
0.056 to 0.250 and is not due %0 esitber and L2

Figure 1(a) snovs that the L/D of the wing c.lter s=od
for a trapezoidal losd aistribution has a slipntly lower L vonp the
f1at wing and the L/0 of the one cambered for an ellipiieal
distribution h:as a sligntly higher L/D thsn the flat wing exce t Car
values of M above 1.&6. This indicates either thzt there is some
experimental error or that the rcasons for using trayezoidal lsading
are not valid in practice.
(e) ndd. Elusdn

o~

The theoreticzl reasons for using camber and twist ure not claarly
explained and substantiasted exparimentally in the NACA reports. For exzmple,
in Referance (3) cne finds “he following paragrzph

"It was also shown in Reference (1) tiat Tlat wings of the afcre-
mentioned plan form developed a hish section loading at the tips and
that the cnordwise distribution of load gave very uigh peak pressures near
the leading edge. Such load concentirztions are undesirable from both
the aserodynsmic and structural points of view. To avoid this condition
the sclution of the camber and twist of a swept wing desizned to suprort
a2 uniform lozd wss developed in Reference (1)" ("Reference (1) is also
defarence (1) of this repert). This may be the reason for designing such a
wing, but one would not know it from Refersnce (1). In fact, in thet
report it 1s implied that it was because thecreticsl solutions for the
drag due to 1lif't were available for uniformly loaded wings that such wings

L=

sere considered. The author wrotes

"The drag dus te 1ift is estismated from theoretical soclutions for
the supersonic flow over thin 11fting surfaces. Theoreticasl solutions
are known for cases in wulcn the lifting surface is curved and twisted in
such a way 2s to support 2 uniform load and for certain rectangular,
triangular or tapered flat surfaces." Later in Reference (1) it does
say that it is =xpected that the leading edge suction predicted by theory
#ill not be realized in practice unless the leading edge is given a
flﬁlu. radius or camber. The fact that the **qnez01dally loaded wing of

Pigure 1{a) “as a smaller L/D than have either of the other two wings
easts doubt on the reasoning in Referance (2).

Ca

rowever, if it is assumed thut the ressoning is correct, it
should be pointed out that the 0104 wing will not have some of the high
losdings referred to in Reference (3). This is because, first of all, a
conventisl subscnie sirfoil section with a rounded nose is used. This
ezcora.ng +o Jones in Raference (1) and according to experiments described
in *a“erence (2), would enable about half of the theoretical leading =dge
sucti o Ze renlizad. Zecondly, the high section loading at tae tip is
"1duw d because the tips ure not pointad. Ourves showing the spanwise
ariation of loesl lift coefficient at M = 1.4 for seversl wings according
to linearized supersonic theory are on page 30. (The loss ia 1lift at th
“ip wss caloulated using *he methods of Refarence (13).) The curves show
Lok finite tip effact the local lift coefficients are
actially smellsr tnan thoze of the cambered and twisted wing of Reference
e loezl 1lift coeflfician<s at t'e root chord are equal.

t



(d) Changes which misnt enable the benefits of camber and twist to be
realized more fully. 3

The calculaticns of the performance snown in Section & for the wing
carhered and twisted for increazed L/p are based directly cn a comparison of
the draz nolars of Ref, {€) and (A). This means that the desi:n CL was assumed
to e ,25, The reason for making this assumption was that the wind tunrel
rasults showed that the zreatest imurovement in drac nccurred at 2p = .20, and
coincidently, the Cr, for a 2z turn at M = 1,5 at 50,000 ft, is .19§, at a combat
weight of LL,000 1b, 'mfortunately, the firures snow that the perfcrmance is
tn gereral decreased when camnar and twist at this theoretical desisn O7 of
,25 is used, This is recause the aireraft is flown most of the time at a Cp
loewer than the desizn 0p and ccnsequently, the increased Cp, beccmes the 1o~
minant tzrm in the drar equaticn. There are two vossible ways of correcting
this situation,- Cne is make the design Cy, smaller, The other is to increase
the Cp at which the aircraft usually flise, The theoretical design Cy is
already as low as ,2%, ani if it were decreased, the gain in L/p would also
iecrease and much of the tresent =1vantage would be lost, Therefore, the Cy
n® the aireraft must be raised, This can be 1one by increasing the desion
altitude and/or hv inecreasins the wing loadingz., However, the design altitude
is linited to 5C,000 ft. ty the Specification and to not much more by the
rharacteristics of turbtolet encines, all of which have such a large decrease
of thrus% with increasing altitude atove 5,200 ft,, that only an impractical
sea level peower to wei :ht ratio would orovide enough thrust to increase the
ceiling appreciably, Thus, the cnly thing to do is to increase the wing
lcading, This c¢an be done ty decreasing the wing area, but it is not as
effectiva as cne mizht supoose., The wing loading will not increase in the
samé prorortion as the wing area iecreases hecause, unless the fuselage size
_is increased to accommodate the fuel wrnich can no longer be stored in the wing,

tha aireratt structure weizht and fuel weight will both decrease also. If
the fuselage size {s increased to store more fuel, the drag will increase,
tnus defeating the purvcse of decreasing the wing area, Since the maximum
i/p is oropcrtionral to the square root of Cp_, even if the fuselage size is
not, increased, the nossible gain in [/r, made by increasing the Cy, will be
counteracted bty the increase in Cp, which results when the wing area is
reduced,

cxlculatisns have been made of the weizhts and performance of a
sisn of "7e twin-engined C-10L, desisnated C-104/X, which has a wing area
A0 en. 4, 4 table of ccmparative figures for the two versions, with flat
z3, 13 rresented below:=-

c-10L/2 C-10L/X
Wing area (Za.Ft.) 1,184 900
Wine leading at a ccmparahle weight,
(with half fusl) (It /80,5, ) 36,3 4Z.5
Sy, at 2g3 M = 1,5; h = 5C,000 f£t, 190 w222
Drag at 2g; M = 1,5 h = 50,200 ft,
- without elevator draz ., 12,660 12,530
- with elevator drag '~ ° 17,710 17,920

Ilanding distance (Ft.) g,770 6,730



These fizures snow Lthat tne cruising Cr has increased from
.095 to ,111, and that the landing distance has increased almost 1,000 ft,
. The change in C; i3 hardly enocurh to enable 2dvantage to be taken of the
greater L/p that can be obtained using camber and twist, and the change in
landing distance is unaccectable,

Another zhange which nas been sugrested is a change of plan form
to that of the winzs of Tie. l(e). PFir. 1(b) and (c) shcw tnat there is nol
much to choose between the flat wi

04

s Tre cambered wing of Fiz, 1(c) has

NeEs,
a larger L/p but as it was explained on .24, this result is somewhat dubious
o o

because of the different airfoil ions used. TIf it is assumed that the
result is correct, there perhavs would be 2 good case for using 1 wing of
that plan forn. ‘fowevar, thers are several considerations which make it
inadvrisable to do so:-

(1) Caleulations have shown “hat to make the aerdelastic nroperties
of such 1 win- satisfactory, the winz weight would have te be

mich Trea“er than trhat of an dersdynamically thinner delta wingz,

(2) There is not snouch usable srace in the larze aspect wing and
so the fuselaze wonld 1ave to be larger. The available evidence
does nct show that the fuselase wouldl have better drag charac-
teristing at 3suversonic speeds than the wing, Therefore, for
the same fual capacity, the drag would increase.

(3) The problem of keerinz the ©_ ", movements small enough when
the winz fuel tanks are drained is gresater.

(1) It is more 4iffisult to obtain a large enouzh zround angle
with su~h lone wing &

(£} There i< not 35 muah contrel surface area available at large
43 stAances from the . 0. ‘
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Tn this ¢ etion, romarative figures for the drag under "e" and the
basie nsrfarmance f the £-17,/2 are given in Tables I and IT raspechively
for the rlane wine and the moies o7 camher and twis*, waich have been Adisc
in the rrevious sestiens.

nesed

For the curnoses of this section, "twisted" refers to the mode Aescribed
in Sest . cn 5, which is used for reducing tne total draz at hish desirn 1ift co-
efficients at tho exnense of a hisher Arag at lower 1ift coefficiente., Similarly,
"ecamhered" refers to the mode described in Section i, which is used 2o reduce

the elovator dras,

Jt should be understcod that the figures for cambered and cambered and

ted wings are somewhat theoretical, because of the objections to these modes

h nave teen fully discussed in Sections 1 and L. When the figures oresented
re viewed in tnis lisht, there does not seem to be much hope for meetins the
urning requirements of the Specification at 50,000 ft., by aerodynamic means
e. For this reason, the engine size required to meet the requirement has

een siven in Table 1.

W ocr oW

In this connzction, it is of interest to note that recently Dr. Hooker,
af the Aristol Cempany, mentioned that they were contemnlating the develooment
of an enrine very similar to the Olympus having 20,000 1b, Sea Level static
tarust, Tnis engine would come very close to giving the C-10L the necessary
turning performance, This is because the Olympus operates at a lower temperature
tnin the TR.%, tnus permitting hicher afterburner augmentation, Hence, the
required 3,L, static thrust for an Olvmnus tyve of ensine would be slizhtly less

~

than for the TR.? type of engine, which is used for reference in Table T,

Tn view of the pessimistic nature of the results of the investizations
~f wars of Ymvreaving the drag, i{% was felt aprropriate to find out whether the
rasults were sensitive to the value of the irag efficiency "e" which has bteen
mured, Tre effect of errcrs, in the estimation of "e", is shown on the carvet

izureb.dof this section, Tt can be seen that fai-ly large errors
1= ast ajter the vosition materially. This {= of considerabls irterest, =ince
.. data on this subiect {e not entirely satisfactory,

tra anrerpicapt

v -
reEsanten TR 4
.
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Ta?Lw 1

C-1CL/2 DRAS VARTATION WTTH "in  FOR TWISTED,
CAVTERER | ANT CTANTARD WINCR,

27 1.5 MV, AT S0,000 FT.

-—— e - -

Wei tht, L1,C00 1b,

Drag % L, w
nou > Change Static
- 78ro  inrnduced® |Elevator| Total Thrust
Lift‘, . Req'd.
Standard 1.0 6,320 1,750 1,113 | 9,183 0]
1.5 6,320 3,930 2,359 113,009 0
120 jg20 7,000 5,29 118,61k 0 22,500
Twisted 1.0 7,850 -£0 1,113 | 9,913 | «2.0
1'; 8,8;0 1’150 2’859 12’85’9 “09
Cartered 1.0 é,320 1,750 70 | 8,140 | -11.L
1.8 €,320 3,330 637 110,787 | -17.%
. e ﬁ_ggjggL‘_F'],ooo, 2,030 {15,250 { -17,S 19,600
Twisted and 1.0 2250 -50 70 | 3,870 | -3.k
iCartered 1.< *,850 1,150 627 10,637 | -15.6
2.0 2,450 2,550 2,030 [1L,L30 | -22.% 18,500

# TPased on TR.Q Engine Characteristiecs,

with 1,800°K Reheat,




TABLE IT

C-10L/2 PERFCRMANCE FOR TWTSTED,
CAMBERED, AND STANDARD WINGS

—r—— 1

Weight, LL,000 1b,

33.

TWISTED | CAMRERED STANDARD
Maximum Speed - M,N,
0 1.28 1,60 1.66
20,000" 1.59 1.94 1.97
36’090' 1‘85 an 2'15
SO'OOO' 1‘72 2.05 1'99
Maximum Rete-of-Climb - Ft,/Mn,
0 38,200 43,500 48,000
20,000! 27,000 28,200 30,000
36,090 15,520 20,400 20,L00
50,000! L,850 6,30 5,000
Maximum Operational Ceiling - Ft. . 55,700 59,500 55,000
Accelerat{cn Time from ,95M to 1,5M - Min.
(36,090') 1.26 ; 1.11 1.12
%
| 4 sh Speed Comtat Radius - Naut. Mi. 228 g 274 i 242
H
e cre e e cmim e e s e s ——e ——— N 1 I SR
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abliDIX I

MENGINE IUSTALLATION 0N C104/1 (SINGLE ZICINE

The single enpine version of the Cl04 must be tailored very
close to the enrine and equipment to get the requirad performance. Fren
the dreawings, the irpression night e created that there are =sucessive
clearances arourd *the enpine, thus pernitting greast flexibility with
respect to the fitting of different engines. «hile tils is true in
the early stages of cesign, i% is not true =after finalization of the
various details, Lecause of the close clearances of a great number
of items which cannot he moved without a great amount of redesign.,

These items are listed below, with an estimate of the clearance allowed

at present. It only takes a srmall pipe or accessory of a new engine
to foul these clearances and make a2 new installation very difficult.
Also it snould be noted that with %his instnllation the engine must
be withdrawn from the raear, so that clearance for any accessories
(fuel pumps, pipes, etc.) on the engine must be available for the
entire backward movement of the engine.
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nheels
sheels
wheels
Engine
zngine
gEngine
Enrine
ingine
Engpine

Engine

CLGSE SlutalioE ITZS

(chroud nu+tline modified)
to incine Shroud  -(locally to cleur wheels)
to Tuselape Jiin line
to ain Spezrs
ant Jurcuc
Shroud and Former Kings
Shroud and wing Spars
Chroud and Fin 3pars
Saroud and ifydraulle Reservsirs
Shroud and #ydraulic Unitsi2

far
1\4 I ‘sUA 'y

“urbines 3 iir 3ottles)

< pumps 2 accumuiators )

Shroudé and Zam Air Turbine

cutside Sxin and Zam air Turbine

Engine

Sarzcud and Aft Tuseluge Fuel Tunks

Afterburner ohroud and Dive draxe ~ctuators
Afterburner snrsud and Zlevon dctuators in Fuselage
Afterburner 3:roud and Zlevon Control Valves
Af'terburner Sur-ud znd Rudder actuzntor

Lfcerburner Shroud and Hudder Sontrol Valve
4fterburner Jnroud und orag Shute Stowzage
Afterburner sircud and Thil Bumper Jack

f. )
v
1] hd]
ct
(9]
'._l
]
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"y

ot
matnd

)r accessszb

o
[
L"Q

sp
ol

i
1

ac
lity to thece components.

SiSaitialCE

l .O"
L.757
2.5"
1.5%
O."
.5n
Q.
2 .o"
2,01

1.5%
1 .S"
2.0"
1.5%
2.0"
2.0t
2.0
2.0"
2,0
2.0"

e under engine and afterburner must be



