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Figure l(b): 

The ordinate of figure l(b) is incorrect. The numerical values of 

d!z m 
0 - dx mod %d 

as read from the figure should be multiplied by a factor 

0f 25. 
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ASTUDYOFCONICAGCAKEEEF'CRTRIANGULAR 

AND SWEPTBACK WlNGs 

By John W. Boyd, Eugene Migotsky, 
and Benton E. Wetzel 

. 
A theoretical and experimental study has been made to determinelthe 

effectiveness of camber in reducLng the drag due to lift resulting f3om 
pressure forces acting on low-aspect-ratio triangular and sweptback wings. 

*- The wings investigated were derived by lifting-surface theory for sonic 
and supersonic speeds, and the theoretical surface shapes were modified 
to provide airplane surfaces which could be manufactured without undue 
difficulty. Design charts are included which aid in the selection of 
camber for various sweepback angles and Mach numbers. Experimental data 
obtained for certain wings desfgned from these charts are presented as a 
measure of the adequacy of the theory. 

The experimental results for the triang&ar and sweptback wings 
showed that, at high subsonic speeds, the use of a moderate amount of 
camber resulted in significant reductions in the drag coefficient above 
a lift coefficient of approximately 0.10. Further, the penalties in the 
drag coefficient at zero lift were small at supersotic speeds. For the 
sweptback wing the data showed that, at low speeds (M = 0.22), an increase 
in the amount of camber increased the lift coefficients at which the break 
in the drag polar occurred. At high subsonic speeds, however, the improve- 
ments in the drag characteristics resulting frcan camber were seriously 
reduced when the sections were too hhighly cambered. Moreover, large 
increases in the minimum drag coefficient at supersonic speeds were 
incurred. I 

A comparison of the expertiental drag polars with those computed 
from the linear lifting-surface theory shows that for the moderately cam- I 
bered wings the theory closely predicts the drag coefficients at the lift ( 
coefficient for which the camber was designed.. Above the design lift 
coefficient the experimental drag coefficients were essentially those 
predicted from a theory wherein no leading-edge suction was assumed. 
Below the design lift coefficient the experimental values fell between 
the full-suction polar curve and that for no leading-edge suction. 
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The experimental results also show that at subsonic and supersonic 

speeds, the use of conical csmber for the trian&ar wing did not sig- 
nificantly affect the lift and moment characteristics except for a small 
positive-increment in pitching moment at zero lift. The data for the. 
swept wings showed that, at subsonic speeds, the camber delayed to bigher 
lift coefficients the reduction in longitudinal stability observed for 
the uncsmbered wing. 

INTRODUCTION . 

The total resistance of an airfoil may be consldered as being com- 
posed of two separate components, the drag at zero lift and the drag 
associated with the production of lift. Inthe cruising condition the 
latter component can beccme a significant portion of the total drag of 
an airplane and, therefore, of considerable mortance with regard to 
range. 

The drag resulting from the development of lift may also be divided 
into two components, one associated with the viscous forces, that is, the 
skin-friction drag, and the other resulting fram the pressure forces act- 

'* 

ing on the wing. The chsnge in skin-friction drag with a change in lift 
results primarily from a movement of the boundary-layer transition point. 
This movement is, of course, caused by the pressure gradients acting over 
the lifting surface. On aircraft at full scale the boundary layer is 
often turbulent over essenti.aIJ-y the entire airplane surface; hence, the 
change in skin-friction drag with a change in lift coefficient is negli- 
gible. This*component must, therefore, be removed in wind-tunnel tests 
in order that proper estFmates of the drag-due-to-lift chxacteristics 
can be made for full-scale aircraft. The other cmponent of the drag due 
to lift, that due to pressure forces, may be estimated by thin-airfoil 
theory. Linear theory, however, predicts very large suction pressures 
at the leading edges of planar wings which give.ri8e.to.a force Fn the. 
thrust direction. Since these pressures cannot be fully developed in a 
real.fluid, a question arises as to how much of the leading-edge thrust 
can be obtained. Previous experimental investigations (refs. 1, 2, and 3) . 
have indicated that at transonic and supersonic speeds it is difficult to 
develop a significant portion of this leading-edge thrust for plane trian- 
gular wings-of small thibess (3 to 5 percent.thick). 

A theoretical study by Jones in reference 4 indicated that one way 
to attain an equivalent leading-edge thrust would be to-camber the wing 
leading e-dge. In this manner the suction pressures would be distributed 
over a relatively large area of the wing rather than concentrated at the 
airfoil leading edge. Thus, the magnitude of i&e.preseures necess.aryto 5, 
achieve the equivalent of fullleading-edge suction would be physically 
possible. - ,- 

* 
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The initial results of a study directed at determining a cambered 
surface for triangdar wings which would provide an equivalent leading- 
edge thrust were presented in reference 1. The study showed that incor- 
poration of a conical type of camber in an aspect-ratio-2 triangular wing 
resulted in substantial reductions in drag due to lift in the cruise lift- 
coefficient range at transonic speeds. 

It is the purpose of the present report to elaborate on the analyti- 
cal method for deriving conical camber for transonic and supersonic 
speeds for wings of triangular and sweptback plan form. The re-portaiLso 
contains exper3menta.l data showing the effects of conical camber on the 
lift, drag, and pi3xhLng-momen-t characteristics of low-aspect-ratio tri- 
angular and sweptback wings at subsonic asd supersonic speeds. Comparison 
of measured drag polars with those computed from Ufting-surface theory 
are made to deter+ne the effectiveness of the desi@ methods. 

a 

b 

CD 

CD0 

*CD 

slope of any ray from wing apex a 
slope of wing leading edge ' m 

slope of sny ray from the wing apex, cot 'p 

fJm3 drag coefficient, - 
SS 

drag coefficient of uncambered wing at zero lift 
. \. 

increment Fn &ag coefficient above that for zero lift for plane 
-dD-%o 

drag coefficient resulting from leading-edge suction 

lift lift coefficient, - 
C@ 

design lift coefficient 

pitching-moment coefficient, pitching moment 
@E , referredtothe 

quarter point of the mean aerodynsmic chord 

drag-due-to-lift factor of plane wing 
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C local chord 

E mean aerodynamic chord, 
Job/' c%y 

rob12c ay 

cr 

cz 

dz 
dx 

E(k) 

M 

m 

n 

AP 

Q 

R 

S 

root chord 

section lift coefficient, section lift 
ClC 

slope of the lifting surface, with respect to the xy plane 

complete elliptic function of the second k5nd with modulus k 

free-stream &ch number 

slope of wing leading edge, cot A 

arbitrary positive integer 

pressure difference between upper and lower suzrface 

free-stream dynamic pressure 

Reynolds number, based on the mean aerodynamic chord 

wing area, formed by extending the leading and traLling edges to 
the pLane of symmetry 
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,x: 

.I 
.- ._ 

x,y,z Cartesian coordinates in streamwise, spanwise, and vertical direc- 
tions, respectively 
(The origin is at the wing apex for dimensions referring to the 
wing, except in tables I through VI where x is the distance 
fram the leading edge along the chord; in percent chord, and z 
is the perpendicular distance from the chord, in percent chord. 
For dimensions referring to the body the origin is at the nose 
of the body.} 

a angle of attack of wing root chord, de@; 

ad angle of attack at desiw.1if-t coefficient, deg 

B m 

rl slope of leading edge of superposed uniformly loaded sector 5 
(see sketch (a)) 

Q A angle of sweepback of wing leading edge, deg 
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9 angle of sweepback of a rayfromthe wing apex 

Subscripts 

a solution for summatFon of srrperposed sectors 

C theoretical cambered surface 

modified cambered surface 

U constant-load solution for entire wing 

a quantities associated with an&e of attack 

General Considerations 

. 
The theoretic& drag due to lift of a wing may be separated into two 

coqonents, the vortex drag which depends only on the spanwise load dis- 
tributian,andthe wave drag due to lift, whichexists onlyatsupersonic . 
speeds snd is a ccxmplicated function of both spantise and chordtise load- 
ing over them. At transotic and low swersonic speeds, however, the 
drag due to lift appears priraarily as vortex drag which is a mi3&nxu when 
the span loading is elliptical. This condition is fulfilled by the theo- 
reticalangle-of-attackloading ofplanewings oftr+ngular planform. 

C~arison of experimental and theoretFcal drag characteristics of 
thintriangularwings isdicates, however, that the low values of drag due 
to lift predicted theoretically are not obtained because the stresmwise 
force on the King leading edge due to the high velocity flow around the 
edge is not fully realized. Jones, Fn reference 4, suggested that the 
equivalent of this leading-edge thrust could be developed if the wings 
were cambered. Inthis way,physicaUyrealizablepressures couldbe 
spread over a f3nite area, and such a wing should more nearly attain its 
theoretical drag due to l5.f-t. Merelyrequiringthatthepressures over 
the WFng be physically real&able, however, is not sufficient to insure 
low values of drag due to Lift. For example, it can be shown that a 
trianguhcwingwhlchis camberedto give auniformloading,asdthereby 
develops the has a significantly higher 
theoretical drag due to Uf't than that of a corresponding plane triangular 
wing with full. leading-edge suction because the span load distribution is 
triangular instead of elliptical. It is evident, therefore, that in order 
to att+ti law values of drag due to IS-t at transonic and low supersonic 
speeds two requirements must be satisfied, namely, that the span load 
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distribution approximate an ellipse and that the pressures over the xbg 
be physically realizable. It should be noted that in the following 
development no attempt is made to minimize the wave drag due to lift by 
the proper distribution of the chordwise l-ding. 

A study was undertaken to determine a surface shape that could 
satisfy the two conditions on the loading. The initial results of th&s 
study, presented in reference 1, showed that a conical camber could be 
derived for a trLangu&r wing which met these requirements. In the 
folloting sections the essential features of the derivation of this coti- 
cal camber are presented. Also included are design charts, with a dis- 
cussion of their'application to trTangu&r and sweptback plan forms. In 
addition, an approximate.method, based on linear theory, is developed for 
the computation of the drag polars of wings incorporating conical camber. 

Derivation of Cambered Surface 

It is convenient in the derivation of the cambered surface to use 
as a starting point the slope of the surface reqUred for a uniform load 
distribution and to detezmine the desired cagber by superposition of 
soluticms. In addition, it is convezZen-t to do the major portion of the 
analysis for the case of M =a. The final results, however, will be 
generalized for any ESach number greater than or equal to unity. 

The slope of the surface for a uniformly loaded triangular wing at 
M =fi may be obtatied from reference 4 and can be written as 

dz 
0 = a[v (cash-1 ,x,:2, + cash-' ,;;z,)-; cash-l-&] zu 47r 

As pointed out in reference 1,' it is possible to superpose an infinite 

number of uniform-load sectors, each with strength 
d(4/da 

dq 
dq and 

leading-edge slope q, (see sketch (a)) to derive the wing surface corre- 
sponding to the loading (&p/q),. 

'The notatfon of the presentreport differs from that of reference 1 
in that q and m as used herein correspond, respectively, to m and mo 

'of reference 1. 

i 

I 
-- 

l . . 

a 



NACARM A55G19 7 

Thus, 
Sketch 

(i, = & lrn T' [F(cosh-1 ++$ + cash-1 IS) - 

2 - cash-= 9 (2) 

It will be noted that, in general, singularities in the slope will exist 
at the root and at the leading edge of the wing surface defined by equa- 
tion (2). The stigulsrity in(dz/dx), at the root which arises from the 
last term of equation (2) leads to a singularity in z which cannot be 
realized physically. It can be seen fram equation (1) that the uniformly 
loaded wing has a similar singularity at the root. Thus, by superposing 
equations (1) and (2) th e singularity at the root can be removed if the 
relationship between @p/q), and @p/q), is' 

(3) 

where 11 > 0. Integration of equation (3) between the limits of a and m 
gives the additional loading required along any ray a 

*P 0 Q,= 
- -+ ($)u (l - An+') (4) 
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Hence, for a cambered surface which is obtaFned by superposing the slopes 
given by equations (1) and (2), the resulting loading may.be written, by 
ad- (Ad& to equation (4), 

. . 
i 

. 

AP 0 9, 

The corresponding lift coefficient is denoted the design lift coefficient 
and is given by 

2 4 CLd = - - 0 n+2 cl, (6) 
. 

Thus, the design loading on the cambered wing my also be written in the 
form 

4 
0 

n+2 
T, = 2(n+l) (7) 

A ccmparison of the span load 
distributions obtained frcm equa- 
tion (7) for several values of n 
showed that for the values of n 
investigated, n- = 3 resulted in a 
span load3Jlg that was closest to 
ellipticsl (see sketch (b)). Hence, 
the value of z1 = 3 was chosen to 
specify the design loading on the 
cambered wing. The design loading 
(eq. (7)) then became6 

. 

Sketch (b) 
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The slope of the cambered wing is obtained by adding equations (1) 
and (2) and using the design loading to give 

3 m 
z s 0 

The integrals in equation (9) werefounddifficulttoevaLuateanalyti.- 
tally and the following approximation to the square-root term was used:2 

The final expression for the slope of the wing for any Mach number is 
then obtaFned by substituting equation (10) into (p), integrating, and 
applying the Prandtl-Glauert transformation to give 

-(i- A~) +0.318 p"m'(l-A5) 

- (1 + A') + 0.318 @n2(l+ A') ] cosh-& (' + -1 + 
A+1 

pm4A4 -1.682 ~?uI~A~ - 0.7615 
> 

dl- Ps2A2 sin-l 
B+.= 

gm+ 

- 0.1% Bs2 - 0.318 $s2A2 
> 

d(l- /3s2A2)(1- S=ir~~) 
B2m2 

1 
m) 

. 
2This estimate was obtained by expand.% m in a power series 

and averaging the contribution of the thLrd term in the series for values 
of q equal to 0 and 0.6. 
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The ordinates of the cambered wing, 
are givenby 

obkined by Integrating eqwtion (XL), -r 
. 

(>c = 2 [ [ (w - 1 + 0.318 B2m2)(1 - A) + $ (1 - A2) - -- 

0.0795 i3?n2A(1- A*) ]cosh-l(~yf) + [(w - 1 + 

(l+A) -+- A2)+ 0.0795 P2m2A(1- A4) 'L 

0.7615 
BS2 

- 0.159 
> 

J(1 - f+%.u2A2)(1 - p2m2) + 
I 

0.7615 + 0.9205A2 
P%= pm 

41 - @%?A2 sin-lgm w 

In the limit as Mach number ap$i%atih&s unity, equations (U) and (l-2) .- - 
_-.- 

reduce to -- --- -. 

0 5cLd dz - l+A 2 
3.z =&an log - - - - 

C 1 -A 3 

(;)c =>[$ (1 - A2)log*-$+A2] 

_.. .- 

(13) 

04) 
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!! Design Charts for Modified Cambered Surfaces 

ng - It will be noted that the cambered surface defined 
)%ss&vature over the entire wing (see sketch (c)). 

With minor modifications, however, the surface can be made planar over 
most of the inboard portFan of the wing, thereby making it easier to con- 
struct. These mfications consist of the follaring changes: First, the 
inboard 80 percent of the trace of the cambered surface in a plane normal 
to the free-stream direction is replaced by a straight line tangent to the 
trace at the 80-percent-semispan location (sketch (c)). Then, the trace 

8 
h 

First mcfifcotiin 

L Sketch (c) 

is sheared downward so that the dihedral is removed (second modification, 
sketch (c)) . Finally, a constant value is added to the ordinates in- 
order that the modified-wing ordinates (z/x),d be equal to zero over 
the inboard 80 percent of the wing. This last step is equivalent to 
reducing the angle of attack of the wing by an amount equal to 

c 

CLd = 0.8 - K>l z 
57*3 PC A=o.a 

The fins2 equations for the modified cambered win@; may then be writ! 

for 05A5 0.8 dz 
0 dx =o 

mod 

(@md = ($)c + OS8 for 0.85A51.0 

A=o.s 

n 

05) 
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and 

0 
z 
x mod 

=o 

The slope of the trace at A = 0.8 in the region 0.2 < pm 5 0.8 is 

for 0~~~0.8 

z 

- 1 

CL 
06) 

dF 
for 0.8<AIl.O 

dA 

(determined graphically) 

For a Mach number of unity the slops of the trace at A = 0.80 is 

%d =0.2765 m (detemed analytically) ' 

The quantities with subscript c are given in equations (ll) and (12). 
The effects of these changes to the wing camber on the span loading are 
difficult to assess by ltiear theory. It is believed, however, that they 
are small. 

The results of equations (15) and (16) have been summarized in the 
form of design charts in figure 1 where the quantities (m/C 
and trnbLd) b/"&d 

)(dz/dx)mod 
are plotted as functions of 9 j3m for di ferent values 

of the parameter, A. Foranywing of triangular planformhatinga given 
leading-edge sweep angle, design lift coefficfent, and design %ch number, 
the camber shape can be determined directly frcxn these charts. 

Sweptback wings.- The design charts which were derived for trian&.ar 
wings in the foregoing section can also be applied to determine the camber 
shape of sweptback wings with straight subsonic leading edges which will c 
have a low value of drag due to lift. The surface shape of the sweptback 
wing is obtained by~calculating the camber shape of a triangular wing with ~ *;- 
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a specified design lift coefficient which circumscribes the sweptback 
tin@;* The manner in which the design lift coefficient of the swept win@;8 
canbe relatedto the designlift coefficient of the trisngulm WlngdlJ- 
be discussed in a subsequent section. 

As has been discussed previously, the camber shape derived for the 
trw wings satisfies two Important requirements that are conducive 
to obtaininglowvalues of drag due-to lift: (1) that an equivalent 
leading-edgetbrustbe develo@edand (2)thatthe camberloadingbe almost 
elvptical. 

The attainmentofthe eqUvalentleading-edge thrust,whichis 
dependent on the magnitude of the pressure acting over the forward portion 
of the airfoil is realized to essentially the ssme extent on various 
sweptbaok wings (see sketches (d), (e), and (f)) as it is on the triangu- 
hr wings. Even for the case shown ti sketch (f) where the root-traildng- 
edge hch line Intersects the tin@; lea&tng edge, the presumes in the 

Sketch (d) Sketch (e) Sketch (f) 

vicinity of the wing leading edge are not greatly affected by the wake 
effects (see ref. 5) and the equivalent leading-edge thrust is developed. 
In the regions of the wing affected by the wing tip (sketches (e) and (f)) 
where, according to the linear theory the lift is essentially zero, scme 
loss in the equivalent leading-edge thrust till. occur. 

I 

In the application of the camher to the sweptback wings no attempt 
has been made to satisfy the condition of almost elliptical span loading. 
However, If the span loading due to can&er a&d the span loading due to 
angle of attackare notgreatlydifferent , as was the case for the trian- 
gular wings, the sweptback cambered wings would realize at the design 
lift coefficient essentially the theoretical drag predicted for a plane 
wing of the ssmeplanform. The effects of this difference in the load- 
ings on the drag due to lift can be estimsted for the cases shown in 
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sketches (d) and (e). For cases similar to that shown in sketch (f), 
where the trailing wake affects a large area of the wing, it is more dU?- 
ficult to evaluate the drag due to lift. 

C~ta-tion of Dmg Polars for Ca&ered Wings 

Triangular wings.- The drag & a lifting surface maybe obtainedby 
integrating the product of the pressures acting on the surface and the 
Inclination of the surface with respect to the f=e stream, and evaluating 
the effect of any singularity in the loading at the leading edge. Since 
linear thin-airfoil.theory is used, the pressures can be superposed and 
the drag coefficient for the czmibered wing may be written 

CD = CD, - (17) 
At the design Mach number, all the functions needed in this expres- 

sion, except CD~, are known from linear theory for the wings which are 
cambered over the entire span. The camber loading &p/q), is obtained 
frcm equation (8); the angle of attack loading (Ap/q), may be written 
(see ref. 6) 

the slopes of the cambered wing are given in equations (ILL) and (13); the 
slope due to angle of attack may be written 

dz 0 =a = -& = - (““;mm”“> E (Jl _ a2m2) 

and the leading-edge suction term CDs9 which results from the singularity 
in the angle-of-attack loading, is given by (ref. 4) 

CD, = - JyyCL - CLd>2 
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For a design Mach number of unity, the preceding integrals can be evalu- 
ated anslytkall.y. For supersonic speeds, however, the expression for 
the slope of the cambered surface is unwieldy snd the integrals involving 
We).> in addition to being cumbersome, have singularities at the 
leading edge. Therefore, the integrals were separated into two parts, 
one of which contained the singularity and another which was bounded 
throughout the interval of integration. The sdngularpartwas evaluated 
analytically, and the integrals with bounded functions were determined 
mw~-J.W. 

At Mach numbers dLfferent from the design Mach number, the camber 
loading is difficult to obtain by linear theory. Hence, iustead of com- 
puting the exact linear-theory drag, a method for approximately evaluating 
the linear-theory drag of the designed wings at off-design Mach numbers 
was developed. This method is based on the fact that the slopes of cam- 
bered surfaces designed for the Same lift coefficient but for different 
values of the parameter @n, differ prFnrarily in magnitude; the spanwise 
distributions of slopes are very similar. The magnitudes of the slopes, 
however, are directly proportional to the design lift coeffFcient (see 
eq. (l-l)). Thus, by proper adjustment of the design lift coefficient, 
wings with essentially the ssme cambers were obtained for different 
values of design Mach number. Hence, the lift-drag polar of a wing 
designed for a Mach number, M, and lift coefficient, Cu, was assumed to 
be, at a Mach number M' # M, the same as the polar for the equivalent 
wing designed for M* and C&l. The polar for the equivalent wing 
designed for M' and 

CLd' was then computed Fn the msnner described in 
the preceding paragraphs of this section. For the case of the triangular 
wing of the present Investigation, which was cambered for Cu = 0.25 

- at M = 1.53, it was found that the equivalent design lift coefficients, 
c&t' were 0.215, 0.231, and 0.325 at Mach numbers, M*, equal to 1.0, 1.3, 
and 1.9, respectively. 

It wiU be noted that, in determULng the linear-theory drag of the 
cambered wings, the leading-edge suction force was included. Since experi- 
ments have shown that this suction ma~r not be fully realized, it is of 
interest to obtain theoretic&i. estimates of the effects of losing leading- 
edge suction on the drag polars. Hence, theoreticsl polars were c-ted 
by a simple no-suction theory in which it is assumed that the usual linear- 
theory pressures still act upon the lifting surface but that any singu- 
larities in pressure at the leading edge do not give rise to a leading- 
edge thrust, that is, CDs is arbitrarily set to zero. 

Since it is apparent, however, that the absence of leading-edge 
suction implies a flow that is basically different frcm the flow assumed 
in the usual lifting-surface theory, another method of estimating the 
drag polar merits consideration. A slender-body solution for a flow 
where no leading-edge suction exists- has been obtained by Brown and 
Michaelinreference 7. Ln the reference paper the flow over a slender ' 



triangular wing in the presence af leading-edge sedation is considered. 
The angle-of-attack loading obtained in reference 7 was, therefore, used 
to ccanpute a theoretical drag polar with no leading-edge suction. In G 
this application it is assumed that the angle-of-attack loading is still 
independent of the camber loading and t&t the two loadings may be super- ..-.. 
posed. This assumption may not be valid since the loads on the wing are 
strongly dependent upon the strength and position of the leading-edge 
vortices which, in turn, are nonlinear functions of the boundary condi- 
tions on the wing. 

Sweptback wings.- The theoretical drag polar of sweptback wings 
incorporating coni& camber can also be estimated. As noted in the 
previous section the surface shape oiT.the swep-tback wings is determLned 
by specifying the design lift coefficient of the triangular plan form 
which just circumscribes the sweptback plan form. The question,arises, 
however, as to what to consider as the design lift coefficient of the 
sweptback wings. 

For combinations of plan form and Mach number where there are no 
trailing-edge or tip effects (see sketch (d)) the design lift coefficient 
is easily determined. In such a case, the design loading on the swept- 
back wing is the same as that on the trw wingand is givenby 
equation (8). It should be noted that the design lift coefficient, 
in equation (8) refers to that Or the triangular-wing which circumscri 3 

, 
es 

the sweptback wing. Thus, by integration of the loading given by equa- 
tion (8) over the area of the sweptback plan form, the design lift coeffi- 
cient of the sweptback wing can be obtained in terms of the design lift 
coefficient of the triangular wing. 

For configurations such as shown ti sketch (e), where the camber 
loading is influenced by the tip effects, the design lift coefficient can 
be closely approximated. The assumption is made, based on Unesr-theory 
considerations that no lift is carried on a lifting surface behind the 
tip Mach line and, therefore, there is no drag due to lift. Further, the 
small amount of lift-due to camber behind the Mach line from the tip is 
neglected. The camber loading is then integrated over t&e wing plan form 
bounded by the root chord, the leading and trailing edges, and the tip 
Machline. For the configurations which are affected both by the trailing 
wake and by tip effects (see sketch (f)) the determina tion of the design 
lift coefficient and, thus, the drag polar is dzifficult. At present no 
attempt has been made to compute the drag polar of a sweptback wing incor- 
porating conical camber at Mach numbers where trailing wake effects 
predominate. 
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For the sweptback wings of the present investigation the theoretical 
drag polar6 have been c-ted for a Mach nmber of 1.0. For this compu- 
tation the assumption has been made that no lift is carried behind the 
tip Mach line (see sketch (g)). The total lift and drag due to lift 
experienced by the sweptback wing at a Mach number of 1.0 is, therefore, 
assumed to be that experienced by the triangulsr plan form shown in 
sketch (g). 

From the above consideration of 
equating the total lift of the two 
plan forms shown in sketch (g), the 
design lift coefficient of the swept- 
back wing can be obtained simply by 
multiplying the design lift coeffi- 
cient of the triangulsr wing by the 
ratio of the area of the trfsngular 
wing to the area of the sweptback 
** The drag coefficient can, of 
course, be obtaIned in a similar 
manner. For the sweptback Hngs -- 
presented herein, the equivalent Mach line 
design lift coefficients at a Mach 
number of 1.0 of the triangular King 
'from which the surface shape of the 
sweptback wings were determined were 
0.30 and 0.39; the corresponding Sketch (g) 
equivalent design lift coefficients at a Mach number of 1.0 for the swept- 
back wings as obtained from the above procedure were 0.225 and 0.292, 
respectively. 

APPARATUSANDMCDELS 

Test Fhcilities 

The experG.uental studies were conducted for the most part in the 
6- by 6-foot supersonic vind tunnel, which i6.a.closed-circuit, vsriable- 
pressure-type wind tunnel with a Mach number range fm 0.6 to 0.9 and 
from 1.2 to 1.9. A detailed description of the wind tunnel and the char- 
acteristics of the air stream at supersonic speeds is available fn refer- 
ence 8. The low-speed (M = 0.22) characteristics of some of the models 
were obtained through additional tests in the 12-foot low-turbulence 
pressure wind tunnel, which is also a closed-circuit, vsriable-pressure- 
type windtunnel. More detailed information concerning this tid tunnel 
can be obtained frcsn reference 9. 

In both wind tunnels the models were sting-mounted, and the forces 
andmoments measured ~5th an internal, electrical, strain-gage-type 
balance. 
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Selection of Models 
r 

The present research program was-directed prFmarily to the investi- 
gation of the effects of conical camber on the drag characteristics of 
wings with sweptbackleading edges. For the.Ee+ent investigation two 
wing plan forms were selected: (1) a trw wing of aspect ratio 2 
and (2) a wing of aspect ratio 3 with 45O sweepback of the leading edge 
and taper ratio of 0.40. Sketches of the model plan forms are shown in 
figure 2. The wings were tested with both plane (uncambered) and coni- 
cally cambered mean surface shapes. 

Three uncs.&ered wings were investigated,in this program, one of' 
triangular plan formand two of swept plan form. The triangular wing 
had NACA 0003-63 airfoil s'ections in streamwise planes. One swept wing, 
the basic wing, had NACA 64~006 sections perpendicular to the quarter- 
chord line of swept airfoil sections and the other incorporated the same 
sections witha leading-edge modification con&sting of an increase in 
the radii of the sections (see fig. 3). The msximum thickness of the 
sweptback wings was 5 percent in streamwise planes. The coordinates of 
the airfoil sections used on the uncsmbered sweptback wings sze presented 
in tables I and II. 

Four cambered wings, one of triangular plan form and three of swept 
plan form, designed according to the procedure described in the section 
entitled "Theoretical Development" were also investigated. The camber 
for the triangular wing and a representative sweptback wing is illustrated 
in figure 4, whereis sketches of airfoil sections at several spanwise 
stations are presented. The values of the principal design variables for 
these wings are summar ized in the following table: 

Eqtivalent 
PM form Des;m %d design lift Thickness Table for 

coefficient coordinates 
at M=l.O 

Triangular 0.577 0.250 0.2l5 3 percent III 

5 percent 
0 .225 .225 with modified Iv 

leading edge1 

Sweptback *577 .330 .2g2 5 percent v 
5 percent 

-577 -330 .2g2 with modtiied VI 
leading edge' 

lSee figure 3. 



NACA RM A55Clg 19 , 

Also included in the table is the equivalent design lift coefficient 
at a Mach number of 1.0 (see "Theoretical EeveloImen~'). Henceforth, the 
cambered wings till be identified by their equivalent design lift coeffi- 
cient at a Mach number of 1.0. 

In order to determine the effects of Reynolds nxsnber on the drag 
characteristics,tests were also made on a plane triangular wing which had 
RACA 0005-63 sections. 

The body used in conjunctfon tith the wings was that designed to have 
a minimumwave drag for a given volume (Sears-Haack). In order to acccm- 
modate the internal strain-gage balance, the body was cut off as shown in 
figure 2. The equation of the body is included in figure 2(a). For all 
models the ratio of the maximum cross-sectional area of the body to the 
plan-form area of the wing was 0.0509. 

TESTS Am PRm- 

Range of Test Variables 
. 

The experimental portion of the investigation was extended over as 
tide a range of attitudes and &ch numbers as possible to obtain data 
which would permit an assessment of the merits or demerits of the wings. 
3i1 general, angles of attack from -60 to 17O were the lfmits of the 
range of this variable, except at transonic speeds where there was a 
reduction due to choking of the flow. The range of test Wch numbers 
and Reynolds numbers for the various models is shown in detail. in 
table VII. Also noted in table VII is an index to the tabulated experi- 
mental-data. 

At the low Reynolds numbers (less than 107) obtainable in most wind 
tunnels, extensive regi.ons of ladnar flow can exist on the wings when 
no lift is developed. As lift is developed the pressure gradients acting 
over the wings change. These changes in pressure gradients cause the 
boundary-layer transition point to move, thus changingthemagnitude of 
the friction drag. Under such test conditions it would be extremely dff- 
ficult, if not impossLbl.e, to isolate the effect of conLcal camber on the 
drag due to Uft resultin@; from the pressure forces. It is evident, 
therefore, that the change-in &W-friction drag with a change in lift 
must be mi.nim-tzed. In the present investigation this was done by placing 
roughness strips along rays near the wing lea- edge on both upper and 
lower surfaces to induce transition (see fig. 2). 'phe transition strips 
were prepared by applying number 60 carborundum onto a thin layer of lac- 
quer. It should be noted further that the drag-due-to-lift results 
obtained with transition fixed are more representative of flight at much 
higher Reynolds numbers, wherein fully turbulent flow is to be expected 
at all angles of attack, than are the transition-free results. 
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Reduction of Data 

The data presented herein have been reduced to standard NACA coef- 
ficient form. The pitching-moment coefficient has been referred to the 
quarter point of the mean aerodynamic chord. 

The results obtained in the Ames 6- by 6-foot supersonic tind tunnel 
have been corrected for the following effects in accordance with the pro- 
cedures shown in reference 10: 

1. The Lnduced effects of the wind-tunnel walls at subsonic speeds 
resultingfromliftonthemodel. 

2. The change in Mach number at subsonic speeds resulting from the 
constriction of the flow by the wind,-tunnel walls. 

3* The effect of support interference on the pressure at the base 
of the model. The base pressure was-measured and the drag was 
adjusted to correspond to that drag which would exist ff the base 
pressure were equal to the free-stream pressure. 

4. The effect of stream inclination. -Data presented for the swept- 
back models have been corrected for this -effect, the-correction being 
of the order of -0.15O. Sufficient data were not available for the 
triangular wings to per&t a correction for this effect. However, 
incremental effects such as those. due to camber would not be affected 
by this amission. 

5. The longitudinal force on the model due to the stresmwise varia- 
tion of the static pressure as measured in the empty test section. 
The magnitude of this correction to the drag coefficient was always 
less than O.OOlO. 

Data obtained in the E-foot wind tunnel were corrected for the first 
four effects. (The stream inclination correction amounted to +O.lO' for 
these data.) 

RESULTS AND DISCUSSIOR 

Drag Characteristic8 

The primary purpose of the present investigation was to evaluate 
the effectiveness of conical camber in reducing the drag due to lift 
resulting from the pressure forces acting on triangular and sweptback 
wings. The theoretic&L analysis shows that a wing incorporating conical 
csmber shouldrealize a lower value of drag duetoliftthan a plane wing 
of the same plan form, if the camber is such that (1) physically realiz- 
able pressures exist over the wing (particulsrly near the leading edge) 

. 
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and (2) the span loading is nearly elliptical. In order to evaluate 
experimentally the effects of such camber on the drag characteristics of 
low-aspect-ratio wings, a triangular wing of aspect ratio 2 and a 450 
swept wing of aspect ratio 3 incorporating conical camber were investi- 
gated over a wide range of test variables. 

The initial. results of the investigation, presented in reference 1, 
indicated that substantial reductions in the drag due to lift could be 
obtained through the use of conical camber on an aspect-ratio-2 triangular 
wing. The data presented in reference 1, however, were all obtained with 
transition free; hence the drag-due-to-lift characteristics include any 
variations resulting fram changes in the skin-friction drag coefficient 
with lift coefficient. Further, it was foundthatsome of the drag data 
presented ti reference 1 (for the wings cambered to approximate an ellip- 
tical span load distribution) were in error.9 Thus, the data in the 
present report should be used in lieu of the results of reference 1. The 
experimental data obtained in the present investigation are presented for 
the complete range of test variables in tables VIII through XV. For the 
purpose of analysis ~Ce~~pertinentdEttaarepresentedgraphically. 

Defect of Reynolds number.- Before evaluating the effectiveness of 
conical camber on the drag characteristics,it is necessary to determine 
any changes in tiscous forces with changes in lift coefficient and 
Reynolds number. Changes in viscous forces were believed to occur prima- 
rily as a result of a movement of the boundary-leyer transition point. 
To establish the relative importance of the movement of the transition 
point on the drag characteristics, tests were conducted over a wide 
Reynolds number range with fixed and free transition. The results of 
these tests are shown in figure 5 for a 5-percent-thick plane wing for 
Mach numbers of 0.81, 0.90, and 1.30. These data demonstrate that, as 
Reynolds ntier was increased fraan 2.8KW to ll.3tiOs, the drag due to 
lift of the wing with free transitfon appeared to decrease rapidly (see 
fig- 5(a) 1. The results obtained tith fixed transition which simulated 
the fullyturbule.ntboundarylayer , characteristic of full-scale Reynolds 
numbers at transonic and supersonic speeds, showed a considerably smaller 
reduction in drag due to lift with increasing Reynolds number. Further- 
more, as can be seen in figure 5(b), with free transition the drag coef- 
ficient at zero lift increased with increasing Reynolds nmber, while 
with fixed transition the drag coefficient at zero lift decreased with 
increasing Reynolds number. These &&a are strong evidence that a sig- 
nificant part of the apparent change in drag due to lift with Reynolds 
number for the plane wing with transition free is the result of a move- 
ment of the transition point and the associated change in skin-friction 
drag as Reynolds number and lift coefficient were varied. Thus, in order 

sThe drag coeffFcients presented in tables XVII and XVIII af refer- 
ence 1 are generally in error above a lift coefficient of approximately 
0.20. 
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to elimina te the effect of movement of the transiti~ point on the drag 
due to lift it is necessary to fix the transition point near the wing 
leading edge. 

The question as to what effects further increases in Reynolds number 
to full-scale values might have on the drag-due-to-lift characteristics 
still remains. Sufficient high Reynolds number data are not available 
at transonic and supersonic spkeds to permit a defFnitive evaluation of 
this effect. However, in view of the smsU change in drag due to ILf't 
noted over the Reynolds number range tested it seems unlikely that further 
increases in Reynolds number would result in large reductions in the drag 
duetolfftfor plane wings. 

From a lImited amount of data obtained for a 5-percent-thick cambered 
wing (fig. 6) it is fairly evident that with free or fixed transition the 
increment in drag above the zero lift drag, in general, changed only 
slightly with Reynolds number. This result indicates that the camber may 
have induced transition naturally near the leading edge of the wing. That 
the boundary layer was turbulent over most of the cambered wing, with free 
or fixed transition, is further indicated by the decrease in drag coeffi- 
cient at zero lift with increasing Reynolds number in both instances. 
The forward transition of the boundary-layer flow on the cambered wing I 
appears to be consistent with studies presented in references 3.l and 12. 
These studies showed that boundary-layer instability occurred on highly 
swept wings as a result of the three-dknensional nature of the potential 
flow which gave rise to a spanwise pressure gradient on the wing. The 
addition of the camber used herein appears to have resulted in more severe 
spanwise pressure gradients at zero lift, and thus a more unstable boundary 
layer, thanthatofthe plane wing. 

It till be noted that there is a drag increment associated with the 
transition strips, as indicated by the highest Reynolds number data for 
the plane wing (see fig. 5(b)); transition strips must therefore be used 
on alI the wings for proper ccmparisons. That the high Reynolds number 
data of the plane wing are indicative of the drag increment associated 
with the transition-strips is further substantiated by the results of the 
cambered wing (fig. 6) which shows essentially the s&me drag increment 
throughout the Reynolds number range. Since the drag increment resulting 
from the transition strips is essentially the same for both the plane and 
the cambered wings, a direct comparison of the results with transition 
fixed is permissible. 

Rffects of conical camber - triangular wings.- The effectiveness of 
conical camber derived in the previous sections Fn reducing the increment 
of drag resulting from lift is-shown in figures 7 and 8. L&se data show 
that the use of conical camber results in substantial reductions in drag 
at lift coefficients above 0.10 at high subsonk speeds (~=0.81 and 0.90). t 
At 1Ift coefficients of 0.30 and above, these reductions of drag coeffi- 
cient amounted to more than 0.0100. Such reductions would greatly improve 
the performance of aircraft designed to cruise in this lift-coefficient d 
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range attransonic speeds. In addition, the data show that conical camber 
can be employed without incurring undue penalties in the supersonic drag 
characteristics, the maximum increase ti minimum drag coefficient being 
about 0.0030 at M = 1.7. The beneficial effect of the camber in reducing 
the drag due to lFPt was greatest at subsonic speeds; however, as can be 
seen in figure 8, reductfons in drag due to lift with resulting reductions 
in total drag at lift coefficients of 0.20 and above were also realized 
at supersonic speeds. Thus, despite the penalty in minimum drag due to 
camber at supersonic speeds, the maxinnun lift-drag ratio of the cambered 
wings, which occurs at a lift coefficient of approximately 0.2, is never 
lower than that of the plane wing for Mach numbers up to 1.90. 

As a means of further demonstrating the effectiveness of the design 
methods used to improve the drag-due-to-lift characteristics, the measured 
drag polars for the cambered wing are ccsqare d in figure 9 with those 
computedfromlinear theory. Experimental data for Wch numbers of 0.90, 
1.30, 1.53, and 1.90 are compared, respectively, with computed polar6 for 
Kach numbers of 1.0, 1.30, 1.53, and 1.90. Theoretical polars for the 
cambered wing are presented for the conditions of full leading-edge suc- 
tion and no leading-edge suction. For a Mach number of 1.0 there are 
shown two theoretical cambered-wing polsrs for the case of no leading-edge 
suction, the derivations of which are discussed in '?L!heoretical Develop- 
ment." In addition, the ideal drag polar for the plane wing with full 
leading-edge suction at M = 1.0 is shown. Experimentalvalues of CD0 
for the plane wing were used in computing the theoretical polars for both 
the plane and the cambered wing. 

It is interesting to note that at a Mach number of tity where no 
wave drag exists the theoretical polar for the cambered wing closely 
approximates the theoretical polar for the plane wing, full leading-edge 
suction being assumed in both cases. This similarity of the two polar6 
is a consequence of the fact that, in the design of the conically csmbered 
wing, the span load distribution resulting fram camber was very nearly 
equal to that due to angle of attack which for triangular wings is ellip- 
tical. Had the spanloading due to camber beenexactly the ssme as that 
due to angle of attackthetwo polars wouldhave been identical. 

The calculations for a Mach number of 1.0 show that the no-leading- 
edge-suction polar6 as well as the full-suction polar agree with the 
ideal-plane-wing polar at the design lift coefficient (O.U5) but depart 
as the lift coefficient is increased or decreased fram this value. The 
predicted values of the drag coefficient for no-leading-edge suction 
based on the solution of reference 7 are samewha.t less than those pre- 
dicted from the simple no-suction polar above or below the design lift 
coefficient. 

A comparison of the experimental data obtained at a Mach number of 
0.90 with the theoretical polar for a Mach number of unity shows that 
conical camber is quite effective neax the design lift coefficient, the 
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increment in drag due to lift* being equal to the minimum drag due to 
lift increment possible for a wing of this aspect ratio. At lift coef- 
ficients less than the design value the eqerimental drag coefficients 
lie between the theoretical cambered wing polar for full leading-edge 
suction and those for no leading-edge suction. It is gratifying to note, 
however, that only a small penalty in the drag coefficient at zero lift 
was incurred from the camber, indicating that a significant smount of the 
leading-edge suction due to the pressure peak in the vicinity of the nose 
is still being achieved when the lLft coefficient is less than the design. 
Although it might be expected that scme leading-edge suction would be 
realized at small lift coefficients above the design, such is apparently 
not the case; the experimental drag coefficients are generally somewhat 
greater than those predicted by the no-leading-edge-suction polars. 

At supersonic speeds the agreement between the theoretical full- 
suction polar and experiment is reasonably good near the design lift coef- 
ficient although the experimental drag is generally somewhat higher than 
the theoretical value. Qualitatively the a@;reement between theory and 
experiment at Mach numbers of 1.30 anal.53 is similar to that shown at 
a Mach number of 0.90; At a Mach number of 1.90, however, the drag polar 
calculated for the case of full leading-edge suction predicts closely 
that obtained experimentally up to a lift coefficient of approximately 
0.30. 

c 

. 

Effects of conical camber - sweptback wings.- It was shown in the 
theoretical study presented herein that the conical camber derived for 
triangular wings-should also be effective in reducing the drag due to 
lift of thin sweptback wings at transonic speeds. Sweptback wings Fncor- 
porating two different amounts of this conicalcamber were therefore 
investigated to determine experimentally the effectiveness of this camber 
on such plan forms. In addition, to improve the low-speed characteristics 
(M < 0.25) an increase in the nose radius was ticorporated on some of the 
sweptback wings. As shown in figure 10, the effects of this modification 
to the nose radius were found to be generally small throughout the epeed 
range wherein the data were obtained (M 2 0.60) for both the plane and 
cambered wings. The exception to this result is the case of the cambered 
wing at high lift coefficients near a Mach number of 0.60 wherein the King 
with the modified nose radius had lower drag coefficients. Unfortunately, 
data were not available which would permit a direct comparison of the 
plane and cambered wings with the same nose radius for Mach numbers equal 
to and greater than 0.60. However, in view of the small effects of the 
nose radius on the drag characteristics of both the plane and cambered 
wings, the results presented ti figures Xl and 12, in which the data for 
the plane wing with the normal nose radius are compared tith the results 

4The increment in drag due to lift of the cambered wing is considered 
to be that increment in drag above the minimum drag coefficient (Cn,) of 
theplanewing. 
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for the cambered ting tith the modiried nose radius (for M ,> 0.60), are 
believed to show primarily the effects of camber. The results presented 
for a Mach number of 0.22 compare the data of the various wings with the 
modified nose radius. 

Examination of the'results of figure IL shows that at a Mach nmber 
of 0.22 the effect of camber on the drag coefficient is small at the 
lower lift coefficients whereas large improvements are evident at lift 
coefficients above 0.50. The'apmnt ineffectiveness of the camber in 
reducing the drag coefficient at lift coefficients below 0.50 is not 
surprising in view of the fact that the plane wing reaUzed almost the 
minimum drag-due-to-lift increment possible for a wing of this aspect 
ratio, thereby precluding a further reduction in drag. This low drag is 
associated with the fact that at low speeds the m-lnimum pressure coeffi- 
cient attainable at the wing leading edge 1s considerably lower than thEtt 
attransonic speeds. Thus, the leading-edge suction force necessary for 
the attainment of low drag due to lift is more likely to be attained. 

At the higher lift coefficients at a Mach number of 0.22, consider- 
able reductions in the dreg coefficients were obtained through the use 
of camber. As shown in figure ll there occurs a break in the drag polar 
of the plane wing at a lift coefficient of approximately 0.50. The value 
of the lift coefficient at which the rapid increase in the drag coeffi- 
cient occurs is increased as the amount of camber is Increased. These 
results indicate that attached flow was maintained on the cambered tings 
to scmewhat higher lift coefficients than on the plane wings. A ccm- 
parison of the results with data for lower Reynolds numbers, not presented 
graphically, indicated that increasing the Reynolds number resulted in a 
similar improvement in the drag characteristics at high lift coefficients 
for the plane and cambered wings. Thus, increasing the Reynolds number 
appears to have the same effect as cember in delaying to a higher lift 
coefficient the onset of flow separation. It is probable that further 
increases in Reynolds number would result in further Improvements in the 
low-speed characteristics of the plane and cambered wings. 

The effects of cember on the drag characteristics at higher subsonic 
speeds (M 2 0.60) are considerably different from those noted at a Mach 
number of 0.22. (See figs. ll and 12.) At subsanic Mach numbers of 0.60 
or greater the amount of camber incorporatedinthe wingwas found to 
have a significant effect on the drag coefficient throughout the lift- 
coefficient range. Examination of the data shows that cambering the wing 
for a design lift coefficient of 0.225 resulted in substantial reductions 
in the drag coefficients at a lift coefficient above 0.10. For lift coef- 
ficients less than 0.50, the more highly cambered wing always experienced 
drag coefficients that were greater than those of the moderately cambered 
wing* It is etident from these results that, especially at high subsonic 
speeds (M 2 0.8), the kaprovements in drag resulting from camber can be 
seriously reduced if the sections are too highly cembered. 
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. 
It is likely that the adverse effects of overcsmbering the wing are 

due to the effects of compressibility simLlsr to those shown for two- 
dimensional Kings in reference 13. These section data showed that 
improvements in the drag characteristics accompanying increases in the 
amount of camber were Fn evidence at low and mo.derate Mach numbers but 
that the advantage of camber disappeared at the higher Mach numbers. 
The Incorporation of a large amount of camber actually resulted in dele- 
terious effects on the drag chsracteristics at Mach numbers of 0.8 and 

above. ,- 

At supersonic speeds the wing cembered for a U.ft coefficient of 
0.225 showed a small penalty in drag coefficient at zero Uft, a maxImum 
increase of approximately 0.0020 occurring; *hereas the more hQ.bly csm- 
bered wing showed a penslty of approximately 0.0045. It should be noted, 
however, that a small part of the increment in the drag at zero lift 
experienced by both of the cambered wings is due to the ticrease in nose 
radius shown previously (see fig. 10). Further examination of the data 
shows that the drag due to Lift at supersonic speeds was reduced by cam- 
ber, with the result that no penalty in drag coefficient was incurred 
for the moderately cambered wing at Wt coefficients above 0.10. The 
drag coefficients of the more highly cambered wing, however, were greater 
than those of both the plane and the moderately cambered wing at all ILft 
coefficients. 

A cmison of the experimental and theoretical polars for the 
sweptback wing (see fig. 13) is interesting in thatit indicates the 
applicability of the design methods , which were originally derived for 
triangular plan forms, to sweptback wings. (It should be noted that the 
experimental data for a Mach number of 0.90 are cmpared with the theory 
for a Mach number of 1.0.) Here, as for the triangukr wings, the theo- 
retical cambered-wing polars are in close agreement with the ideal polar 
for the plane wing assuming full leading-edge suction in each case. The 
cambered-wing polar for no leading-edge. suction departs from the ideal 
polar as the lift coefficient deviates from the design 13ft coefficient. 
The results show that, for the wing cambered for a lift coeffictent of 
0.225, the experimental drag coefficient is in excellent agreement with 
the predicted value near the design lift coefficient. As the Uft coef- 
ficient is increased from the design point the werimental drag coeffi- 
cients are essentially those predicted by the no-suction polar. At lift 
coefficients less than the design value, the experimental values fall 
between the full-suction polar and that for no leading-edge suction. 
The small penalty in the drag at zero LXt suggests that a portion of 
the leading-edge suction is still being realized below the design 
condition. 

For the more highly cambered wing the experimental drag coefficient 
at the design lift coefficient is somewhat greater-than that predicted 
by the theory. This disagreement between the theory and experiment is 
believed to be due; In ljart at least, to the fact that for this amount 

E 
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of camber the adverse effects of compressibility at M = 0.9 result in 
highexpertiental drags. Above the design lift the ~erimental drag is 
greater than that predicted by theory whereas below the design condition 
the experimental data are generally between the full-suction and no- 
suction p3lars. 

The preceding results have shown that large reductions in the drag 
coefficients can be realized at transonic speeds on a tr&ngular anda 
45O sweptback wing by the use of conical camber. However, the results 
available on-the sweptback wing have shown that excessive camber can 
seriously affect the benefits possible at transonic speeds as well as. 
result in large penalties at supersonic speeds. The results of figure 14 
which present the incremental drag coefficient due to camber as a function 
of design lift coefficient at several Mach numbers are presented as a 
guide to indicate the amount of canical camber-that should be incorporated 
in an aircraft utilizing a 450 sweptback wing. It is evident from these 
data that to realize the maxFmum gatis at transonic speeds the cember 
employed should not exceed that corresponding to a design lift caefficient 
of approximately 0.22. Moreover, it appears from the limited data avail- 
able that the use of somewhat less camber might result in essentially the 
same benefits in drag as obtained in the present eqerimental investiga- 
tion. Any reductFcm in the amount of camber would, of course, result in 
smaller penalties in the drag near zero lift at supersonic speeds. 

Lift and Moment Characteristics 

During the investigation, experimen-Ix,l results were also obtained 
showing the effects of conical camber on the lift and moment characteris- 
tics of the tr- and sweptback Kings. Abrief description of these 
results is included herein. 

Triangular tings.- It is well known that the aerodynamic center and 
the lift-curve slope near zero lift sre primarily functions of wing plan 
form, and are uninfluenced by the provision of camber. Such a result is 
shown in figure 15, wherein the lift and pit--mament curves of the 
cambered wing are essentially parallel with those of the plane wing but 
are displaced slightly. The smaJ2 positive shift in the angle of zero 
lift, which is due to washout resulting from the camber, is of little 
significance but the poaitive shift in pitching moment at zero lift, the 
magnitude of which decreased with increasing Mach number, would result 
in a small decrease in the trim drag of an airplane. 

, . 
Sweptback wings.- Examination of the data of figure 16 shows that 

throughout the Mach nmber range investigated, the slope of the lift and 
pitching-moment curves near zero lift were essentially unaffected by 
camber but that the curves were slightly displaced. The smallnegative 
shift in the pitching moment resulting frcxn caliber would result in small 
increases in the trim drag. 
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The results for a Mach number of 0.22 show that the range of lift l 

coefficients wherein the lift curve was essentially linear was increased 
through the use of camber, indicating that attached flarwas maintained 
on the cambered wings to somewhat higher lift coefficients than on the 

?1 

planewing. These improvements in the flow characteristics resulting 
from camber were also reflected in improvements in the static longitudinal 
stability at high lift coefficients at subsonic speeds. The reduction in 
longitudinal stability for the plane ting at a Mach number of 0.22, which 
manifested itself as an unstable break in the pitching-moment curve at a 
lift coefficient of 0.60, was delayed to a l&?-t coefficient of approxi- 
mately 0.75 and 0.85 on the wings cambered for lift coefficients of 0.225 
and 0.292, respectively. The reduction in longitudinal stability for the 
plane wing at high subsonic speeds was also alleviated to some extent by 
the camber. At supersonic speeds the lift curve and the longitudinal 
stability remained essentially unchanged by camber. 

coNcLusIoNs 
, 

A theoretical and experiment&L investigation was made to determine 
primarily the effectiveness of conical camber in reducing the drag due to 
lift resulting from pressure forces acting on low-aspect-ratio tr Fangular - 
and sweptback wings. The results of this investigation showed: 

1. The use of a moderate smount of camber resulted in significant 
reductions in the drag coefficient above a lift coefficient of 0.10 at 
high subsonic speeds for both triangular and sweptback wings. Further, 
the penalties in drag at zero ljrt were small at supersonic speeds. 

2. Increasing the amount of csmber on the sweptback wing resulted 
in some improvements in the drag characteristics at high lift coefficients 
at low speed, but at high subsonic speeds the improvements in the drag 
characteristics were seriously reduced. At supersonic speeds increasing 
the amount of camber resulted in large increases In the drag coefficients. 

3. The drag coefficients predicted by lifting-surface theory were 
in close agreement with experimental results at the lirt coefficient for 
which the camber was designed for the moderately cambered wings. Above 
the design lift coefficient the experimental drag coefficients were essen- 
tially those predicted from a.no-suction theory; below the design ltit . 
coefficient the experimental values fell between the full-suction polar 
and that for no leading-edge suction. . 

4. The lift and moment characteristics of the triangular wing at 
subsonic and supersonic speeds were not significantly affected by camber. s 
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? 

The reduction in longitudinsl stability observed for the uncambered 
sweptback wing at subsonic speeds was delayed to higher lift coefficients 
by the use of camber. 

Ames Aeronautical Laboratory 
National Advisory Connnittee for Aeronautics 

Moffett Field, Calif., July 19, 1955 
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TABLE I.- COOlXKLNATES OFAIRFOlLSECTIONS FORFLAJXEWINGOFASPECTRATIO 
3WITH45oS~CK, 5PERCZXWTBlCKWITHNORMAL~INGEDGE 

[Coordinates are presented for sections paraLLel to the plane of symmetry.] 

0 
A64 
-559 
.m 
.96s 

1.3u 

i:," 
2.077 

TABLE II.- C~JXATEiS @'-IL SECTIONS FOR PLANEWING OFASF'ECTFWPIO 
3WITH450S~~CK,5PERCENTTHICKWITHMODIFlEDI;EADINGEDGE 

[Coordinates are presented for sections par&e1 to the pm of symmetry.] 

+ m-t f 

47.ps 
52.440 
5-I-404 

0 
-745 
A42 
-9-P 

1.242 
l-609 
l.aST 
2.030 
2.236 
::g 
2.5u 
2.541 

0 
-817 
.9= 

l-go 

i:Z 
1.931 
2.loa 
n.sl 
2.372 
2.429 
2.51.1 
2.541 

0 
-464 
359 

1% 
l-37 
1,571 
1.7% 

xi 
2.429 
2.5u 
2.541 

0 

:2: 
.wel 

x2 
1:677 
L.ea, 
2.135 
2.3Lo 

2.522 
2.49 
2.304 
2-w 
1.931 

:Ez 
1:2q 

-963 

2 

2.522 
2.430 
2-a 
2.132 
l-931 

x5 
l.EL~ 
-963 

:Ig 

0 
-6?e 

0 
A-6 

:E 
1.176 
Lsae 
l--f@ 
L-83 
2.194 

‘2-‘E 
2:s 
2.541 

0 
-672 

l.CO5 
1-W 
3.350 
6.623 
9.m 

13.023 
::2 

~:~ 
42.050 

-- . - 



32 - -. .--NAc&EM mTG19 

TAELJZ III.- COQRDIIWJ!ES OF AIRFOIL SECTIONS FOR TRIANGULAR WIEIVG OF ASPECT 
RATI02, 3 PEZCENTTEICKj CONICALLYCAMBEREDF~ CL =O.UgAT M=l.O 
[Coordinates are presented for sectians parallel to he plane of symmetry.] 

. 

x 
Percent c 

0 

1.250 

::ZZ 
7.500 

1o.o 
15.cxxl 

0 
.473 

23 
1.050 
1.170 
1.336 

1.450 
1.323 
1.141 I 

lover aurfaccl r -r upper a-In-fact 

sr/b 

8 I.20 

,.40a 

r.60” 

x 
percent c 

z 
percent c 

O.# 

x 
percent c 

0 
1.313 
2.539 
4.994 
7.455 
9.94 

14.885 

g:ZZ 
3o.ooo 
g-g 

50:ooo 
60.m 

Ez . 

gz 
1OO.ooO 

y.339 
2.514 

Fog 
9:9* 

14.879 
19.836 
24.809 

z 
percent < 

-.522 
-.713 
-.T72 
-.Wl 
1.050 
l-170 
1.336 
1.435 
1.w 
1-m 
1.488 
1.450 
1.323 
1.14l 

.916 

;g 

.?32 

-1.392 

I:*2 
-1:343 
-1.318 
-1.304 
-1.&g 
-1.435 
-1.485 
-1.ym 
-1.488 
-1.450 
-1.323 
-1.141 

.9s 

:$E 
.&a2 
.032 

-3.133 

:gg 
-21721 
-2.501 
-2.331 
-2.031 
-1.831 
-1.692 

z 
percent c 

1.434 
1.486 
1.450 
1.323 
1.141 

:Z$ 

2% 
.032 

4.354 
-7.472 
A.810 
-5.854 

3-g; 
-31324 
-2.530 
-1.&h 

--‘:g 
-.471 

:g: 
.456 

tg 

.@9 

+p& 

-17:471 
-16.471 
-15.w 
-13.088 
-11.882 
-10.794 

-9.735 
-?.ooo 
6.294 
-7.~8 
d&8 
-5.294 

::-;g 
$41 
-3.703 

x 
percent c 

0 
1.015 

t:g 

;-g-l: 
14:502 
19.503 
24.489 
29.504 
34.505 

g:gg 
59.656 
67.745 

g-z 
94:9!55 

1m.ooo 

0 
-971 

2.147 
4.m 

174:E 
19.92 
24.382 

z-g 

g:;5 
@353 

g:ZZ 
94.941 

loO.CKXl 

z 
percent c 

-:2% 
.548 
.a79 

1.050 
1.170 
1.336 
1.435 
1.485 
1.500 
1.486 
1.450 
1.323 
1.141 

.916 

.656 

.362 

:g: 

-1.392 
-.544 
-.13-f 

.422 

,:g 
l-338 
1.435 
1-W 
1.500 
1.4% 
1.450 
1.323 
1.141 

.g16 

22 
.202 
-032 

-3.133 
-2.221 
-1.714 

::g 

-:g 
1.030 
1.2ea 

x 
percent c 

0 
.794 

5:s 

1o:ol6 
14.943 
19.885 
24.842 
29.798 

;i-z 
491742 
99.759 
@A04 

g-g?; 
94:954 

lm.cno 

0 
1.412 
2.3@2 
5.176 
7.588 

15.029 

22 

$:E 
g-p& 
59:823 
69.853 
79.852 
es.941 
94.970 

1m.m 

-1.574 
-1.500 
-1.450 
-1.323 
-1.141 

::$ 
-.362 
-.2X2 
-.Oj2 

%!z 
-8:&l 

I;-&; 
A92 
-5.971. 
-5.339 
-4.780 
-4.236 
-3.m 
-3.383 
-2.6B 
-1.9-n 

-22 
-.353 
-.191 
-.W 

-19.235 

:3% 
-18:176 
-17.441 
-15-m 
-1lr.7a6 

I:-~ 
&I71 
-Il.& 

-9.765 
-8.382 
-7.147 
-5.853 
-4.&53 
-4.353 
-3.645 

Leading-edge radius: O.I.00 percent chord 
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!cABLFs IV.- COCRDITWCiES OF AIRFOIL SE~ONS FOR WING OF ASPECT RATIO 3 
WITH45°swEEF’EACK, 5PERCENTTHICKWITHMODIFIEDLf3ADINGEDGE, COm- 
CALLY Cm FCR ~=0.225 AT M = 1.0 
[Coordinates are presented for sections parallel. to the plane of symmetry.] 
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TABLE V.- COORDIN.ATES Ol?AIEU?XLSECTIOJlSFORWINGOFASF'ECTRATIO 3WITH 
45O SWEEPRACK, 5l%RC-E@l? THICKWITHNORMALIXADINGEDGE,COJ!JICALLYCAM- 
EEEUZDFCR CL e0.292 AII! M = 1.0 
[Coordinates he presented for sections parallel to the plane of symmetry.] 

0.e 

0.9 

0.6-p 

0 
.6-e 

1.m 
1.678 

0 
.762 

Q.asr 
3.812 

:.a 
910s 

13.oQ3 
19.=3 
2s.m 
PO.997 
Pm 
bR% 

:7'-2 
62:223 

64.352 
ea.bQl 

E:E 
lw.ow 

0 . 
-926 

l&2 
3.74 
::?2 

ll.114 
l4.813 
19.Ql3 
*.a00 

$% 
@.oso 

75.872 
E:gi 

0 
.e64 

::EC 

:% 
&JO 
yJ.120 

E-x 

.l.W 
-.%S 

-2 

1:$ 
1.5s 
r.eAe 

I:%$ 

2:5u 
2.5Ll 

':5" 
;.g 
1:931 

i.3 
1:zL7 

$2 

;z 

-2.192 

-':$g 
-.bla 

:E 

::s 
2.020 
2.Q4.6 
z.bS 
2.511 
2.541 

3: O.l! 

-3-i-9 
:Kgf 
-is% 
-1.570 
-1.m 

2% 
-2.429 
-2.511 
-2.541 
-2.522 
-Q.b* 
-2-M 
-2.132 
-1.93l 
-1.709 
-1.468 
-1.217 

-.%3 

1:g 
-230 
-.oag 

-1.m 

::.s d 
-1:639 
-l&l 
-1.W 

2.z 
-2:511 
-Q.>bl 
-2.,&e 

-Q&+2 

:% 
-1:b68 
-l..Ql7 

-.473 
-.Q30 
-.W¶ 

-2.192 
-2.49 
-a.479 

2% 
&3Q 
2.2 

-2:QZY 

2c 
-Q:,ll 
-2.541 

:.g 
l&l 

::3 
1.21, 

:Z 
-473 

:fg 

2-z 
-1:SC5 
-l.coO 

-.778 
-.l% 

1:% 
1.47s 

E-3 
Q&4 
2.541 

::Z$ 
2.e 
2.132 
1.931 
:%T 
1:&W 

.%3 

.n3 

;g 

-4.942 

::g 
-a:%5 
s-e 
-1.9l2 
-l.llt? 

:$I 

:z 
1:9lQ 
2.106 

Z:Z 

Z$ 
1.93 

XI 
l.PT 

:z; 
.w3 

2z 
-Q:7uJ 
a670 
-2.641 
-Q.W9 

2:ZgZ 
-2.34 
-2.13Q 
-1.931 
::-gg 
-1:a7 

-A73 
-.Qza 
-.mg 

-4.942 
+4e 

, 
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TAp vI.- COQRDIlIEATES OFAIRFOILSECTIO~ FORWING OFASPECTRATIO3 WITH 
45 SWEEPBCICK, 5 - TEIC!KWITHMODIFl3DLEADINGEDGE,COIlICAILYCAM- 
BEREDFCR CL~ =0.292AT M=l.O 
[Coordinates are presented for sections parallel to the plane of spmetry.] 

I- 



36 NACA FM A55G19 

TABLFI VII.- RANGEOF5TVARliIABIXSAmD~OF~~~~. 

PlRne tl%ulguLar wing, 
3 ~rcent thick 

PlRne tl-wngulRr wing, 
5percentthLck 

%sne sweptbackting, 5 per- 
cent thick, with mcdifIed 
leasing-cage 

Sweptback ring, 5 percent 
thick with modified lead- 
ing edge, cmribered for 
ch=o.225 at H - 1.0 
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TABLE VIII.- DATAFORP~~~~GOF~CTRATIO2,3 PERCIWI' 
THICK 

(a) Fixed transition 

-90; I - 
-.a8 
-.po 
::9 
-Aa 
-29 
-.nQ 
::2 
-.op 
:3 
.w 
.lm 
- 
:S 
-174 
2.5 
A4 - 

..?a; I 

::z :zf . 3 -.m .asB .044 
::g gg 2 
-.CJ .cnsr -4p -.u3 .a67 .& -.o% al37 .oI8 -.oso .mQo -.uzl ml5 2 

.L 

.a0 .oLu -.m3 .ouo -.om 

.a7 .01x5 -.a5 

.r$ 
:z -.on -.03 .- - .l60 -ziz .m3l -. .m Jx6l ..044 .lq7 .a34 -.048 

:g :zE 1-2 
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TABLE VIII.- ~FOR~TR~~~OFASPECT~~O2,3~CPINT 
THICK - Concluded 

(b) Free transition 

2 

“::: 
-.m 
-.a6 
-.pB 
I:3 
-.lo 
-.Cn 
-.oQ 

-01 
.* 

2 
.la 

:2 

:Z 

1:: 

3811 

?g 

::z 
..2l~ 
..l& 
-2 

-.W 
..oa 

.olI 

.a4: 
-03 

:S 
.2x 

9 
:g 
.43 

iIG 2 
-.QQ 
..Qq 
..le 
..ls! 

:::; 
..a 

:z 
-se 

.0x 

.0X 

.w 

.m 

.lQ 

:Y 
.l& 
:g 
23: 

- 
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TABLEi M.- DATAFOR PLANETRUN~WIlXG CIFASPECTRATIO2, 5 PEtRCmT 
THICK 

(a) Fixed traneition 

I H- O.&;R -2.&l@ Y- o.goj R-2.&&+ u-1.30; R-2.8xX+ 

-0.3l8 LOjT6 
--ego .Op2 -Al 
-234 :Eig 
-.W .OW 

,3.@ -.l8l .OW 
.3.33 Sal47 
P.22 I:?’ All-( 

-.055 .OlO2 
-.03l 

2% tiE 

:d .=-I 
al47 

-173 
:2$ 

.2&l :Z! 
.wm 

.3l7 .03-P 
-3-l-I .go3 

).0375 
.Op3 
.tra? 
.a243 

:3 
.w 
.OlLT 
.OlCQ 
-039s 
.olw 

:E2 
.OSU 
.0172 
-01s 

IS 

:ZZZ 

“22 se2 
.OB 
:z 
.cqj .Ol5 
:Z -.wk -.oca - .016 

-.w5 
:$g 
r-s 
-A53 
-.os 

O.W3 

:iG 
.041 
.035 

z 
al6 
.04 
-003 

::Z 
- .01g 
-.oze 

11% 
-.044 

::$I 
-.oa 
-.07l 

6.50 -0.30 0.0392 
:;-g -St3 -0341 

.4k xz 

.4.33 -.2x2 .a 
-A80 -0175 

2.Z 
-1.0-f -.ss .oojie 

-:E -:2+ :igz 

Y I 0.81; R = U.%W 

--W 
-268 
-.l46 

::g 

-:z 

:g 
A0 
A3 

2% 

:2 

1% 

-.1- 
-.l?-l 
-.135 

::zgT 
-.Ee 

:Z 

:Z 
-l67 
-193 
J?l7 
.24J 

2% 
-33 

.2.32 
a.16 
-.63 

.54 
1.13 
2.w 2: ;:z 56-g 
6& 
8.11 
- 

0.326 
1% 
-.247 
-al6 
-.las 
-Aa 
-.m 
-.9-r 
- .032 

:z$ 
-103 
-1% 
.Iss 
.2l2 
-241 
2-P 

rE 

-A5 
-57 

1.18 
2.38 

os38 “:z2 -.zlo 
-.24L .0233 
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TABLE IX.- DATA FOR PLANE TRIANGULAR WING OF ASPECT RATIO 2, 5 PERCHJT 
TEmCK - Concluded 

(b) Free tramition 

a. CL cll c, = 'L cD c, 
H- O.W:B = 2.w Y-1.30; B =2.&l.@ F a 9 cD G 

Id = 0.81; B = 2.&l@ 

-0.39 
-.X5 
-2% 
-.243 
-.m 
-26 

O.cn~ 0.046 
.@a6 .039 
.019a .033 
.0157 .a?l 
.0136 .OlO 
.OlP .m5 
JWQ -SO5 

:s.i -.ol2 -.a23 

~ 

.apl 4: 

:S -.OkT 

z: --OT3 -.W9 
:gg: :-g$ 
.W= -:oas 

-r 
6.44 
5.90 
:2-g 
$2; 

.3I2u 

.2.13 

.l.og 

-:g 
1.02 
2.09 
3.18 

t :E 

::ZZ 

2:: 
7.50 

0.30 
-282 
-.250 
-.& 
-.2cQ 

::;g 

::g 

-:% 

:iE 
.l% 
.ld 

22 
.23-I 
a-r 
.a 
.36 

I.0358 
:xX&J 

.cQ2l 

.OlB4 

.0x% 

:EgZ 

:Z 
.00-m 
.@W5 

:ZT 
.0144 
.0173 

:z 

:3 
.0469 

3.048 
.ok4 
.03e 
.W 
:%2 
.(x21 
.013 
.a% 

-:g 
-SW7 
-.015 
-.023 
-.G27 
- .op 

!I$ 

-.050 
-.06l 

-4.9 
-3.77 

2-2 
-1:lO 

-52 
1.W 
2.10 

5.36 

2-e: 
7153 

-6.e 
-6.0-t 
-5.v 
-4.95 
-4.40 
133-g 
-2:lg 
-1.10 

-21 

-0.39 

:$g 
-.233 

:% 
-.1* 
-.103 
-.Q53 

-:3 
a44 
.w 
.147 
.1-E- 

LEi 

:Z 

1% 

-.a 
-.139 

.a%9 -.aJ3 3.59 

.@v -.007 k.11 

.a291 -.016 4.62 

.01-w -.oe6 5.14 
:x 

I I 
-.op 5.66 
-.ow 6.18 

-.lS 
-a03 
-.o* 
-.Ojl 

.OU 

.035 

:tE 
.I%? 

.g 

;g 

1.b 
n.la 

.232 
:E 3-g 

4:?3 
.a24 -.oLi 7~s 
.a263 -.047 
.03QJ 

I I 

-a3 

.o383 I:% .a 

.33u 

H 1.30; R = 5.eacP I Y = 1.30; A = 7.w II = 0.81; B = 8.w 1 

igf . 
-33 

::z 
-.238 
-.2lo 

.03-B 
:wJ 
~~26 

:E$ 
.OlpS 
.OJ.O3 

:Z 

:S 
.0X% 
.0137 
.Ol& 
.01&J 
.a24 
.c&? 
.OPg 
.OH 
~518 

G 
rz$i .oM 
.0141 
-0143 
.0149 
.Ol?l 
.cEQ7 

:SiZ 

.2 

.0426 
a35 

-4.26 
:i-$ 
.2:13 -1.06 
-:$ 
1.w 
2.u 
3.17 

::E 

r 
4-n 

;:Zj 
7:u 

CD G 

T .Ojg6 
$lii 
.wB al68 Al42 .0101 
.am 
.00-e .um. .am 
.OlfFJ 
.a39 
.0165 
.aw9 
.a?34 
.c&o 
.O@ 
.0397 
.m 

g 

.040 

.035 

2i 
.a33 
.m4 
.m5 

.z 

-033 
.039 
.044 
.ok8 

:2 
.OiQ 

-.1* 
-.1n 
-.14g 
-.lOl 

::g 

2% 

3 
-170 .19k 
:tg 
.267 

:Z 

:E 
.035 

:Z 
-5.66 

JO 3.52 
-3.g 
-3.39 
-2.27 

236 
.032 
.a27 
.a23 
.015 
.00-i 
.w3 

::gg 
-.017 
-.a?5 
- .030 

::X 
- .044 

-:Z 
- .ou? 
- .cek 
-.0n 
-.a3 
-.049 
11% 
- .a67 

-.ly8 
-.10-r 
-.oyj 
-.oBB 

:g 
.m3 
-154 
.I.82 

;z 

.EJi 
:g 

-.050 
::iZ I 

a CL - G %I G Mm -7.ok -6.42 
-5.84 
e5.27 

-.63 
.57 

1.15 
2.31 22 
46s ::z ;*if 
8:x, 

Q.339 
-as 
-.272 
-.ego - Al4 
-.1&S 
-.l& 
-.lll 
- .05y 
- .03l 

.a?1 
.075 
J.06 
.m 
.u7 
.21-l 
.2%J 
.2-E 
.P4 

a 
o.cAo7 

.OPk 

.am 

.cQ* 

:% 
.wi3 
.0103 

:Z 
.cc%l 
.c?3s6 
.0103 
.0136 
.Olgg 
.Olpl 
.a32 
.cw 
St@9 
.035e 
.w32 

3. go: R = u.pue ).9Dj R = 8.9~10" -?c 
-7.18 
A.55 
-5.94 

z:; 

;;:g 

-1:19 

-:S 
l.l.8 
2.35 

?A 
4174 
5.34 

22 

87:g 

.( -r 
0.05: 

2% 
.03 
.03 

:S 
.ou 

:$ 
-.ti 
-.ou 
- .oli 
-.E! 
- .op 
-.03 
-.04: 
- .04l 

::Zg 
-.061 
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TABLE x.- DATAFOR-WDGOFASPEXTRATIO2, 3PWCmTHICK, 

ComcmY - FCR C~=O.2l5AT M=l.O 
(a) Fixed transition 

a CL CD G 

Y = 0.61; 

z 

:::z 

4:4k 
,3.63 
::-g 
2123 
1.13 
-33 
-a 
-.Ol 

:Z 

9.345 
::g 

::C$ 
-.213 

I:$ 
-.L36 

::g 
-.04b 
-.03? 
-.@3 
- -010 

.OlO 

;s 

X.2 
.I% 
a?? 
-198 

:2% 

:Z 

tE 

w363 

:zE 
.0392 
-0349 

:3: 
-023.2 
.m 
-0155 
-0135 
.OW 
.ol2k 

:iZ 
.OUO 
.acrl 

:Z 
.OlW 
.01+1 
.0146 
.0166 
.Ol84 

:Z 
:z 

-UT 
.16eg 

“:Z a.es 
6.31 

1.17 
-.&I 
-.31 
-.02 

1.06 
2.14 
2.71 
3.26 

4.94 

z-2 
6163 

- 
Q 

o.oe5 

1% 

:E 
:% 
.Oyl 
:z 
.CnO 
.ofxJ 
-005 
A01 

-.a 
-.015 
-.02l 
-.ua 

I:"& 
-.047 

::g 
--W 
::g 
-.ll? 
-.lk? 

6.80 

:-z 
-2:2+3 
.l.l6 
-.60 
-3 
--Cl 

:g 
l-05 

7.67 
8.81 

;:g 

- 
CT 

- 
M 

-2.14 
-1 .c6 
-33 
-26 

2.q 
2.60 

:3&m 

0.333 
-.352 
::g 
-.263 
-.232 
-.2Ql 
-.17-I 
-.147 

I:% 
- .a48 
- -0% 
-.a?l 
-.x6 

sn6 

:t$ 
.=3 
-147 
-171 
-192 
.a5 
a43 
.265 

;g 

-7w 

0.417 
-.333 
1:s 
-204 
12 

-36 
-.156 
-.og3 
-.d? 
-.045 
-.OB 
- .ol8 
-a04 

.017 

:% 
.=7 
.L53 

:% 

22 

;ij 

D-083 

:Z 

;k 
-042 
.on 
.OY 
.a9 
-014 
*Oil 

22 
.m3 

-.Wl 

::Z 
-.01g 
-.azk 

::E$ 
- .03e 
-.Ok3 
-.048 
--se 

::z; 

-0.330 
::g 
-a3 
-230 
--=5 
-.l& 
-A54 
-.L30 
-.45 
-.W 
-.034 
-.a?3 
-al2 

:3 
.a66 

:3 
.139 
-165 
.191 

52 
.w 
-36 
-3'11 

:g 

mw 
;E 
.MQ 
:zz 
:Z 
-0175 
.0160 
.OL53 
.0146 
.a145 
al42 
-0139 
Al42 
-0150 
.0161 
-01'13 
.0192 
.cel4 
.cQko 
.w 
.03Q5 
.om 

.oki 
:kE 
SW -017 
.ol3 
.oll 

;; 
0 
--W 
-AL3 
-.Ol? 
-.a?2 
-.=3 
-.a29 
-.032 
-.037 
-.oko 
-.W 
-.06Q 
-a38 
-Al2 

G 

..?O; R = 5.&lO=‘ Y. 

-232 
::f$ 
-A81 
-.m 
-.146 
-.m3 
-.Lll 

1::: 
- .03 
-.@7 

23 
-.W 
0 

.OIO 

:22 
.a3 

2.2 

:S 
.172 
.WJ. 

:Z 

:z% 
.530 

5-a 
.wa 

:Z 
.03= 

:Zl 
.cQ% 
.oQl4 

:% 
-0149 
.0145 
.0145 
Al42 
.0140 
.0138 
-0131 
.01$5 

:X 
.a?3 
.olgo 
.=Q? 

:EZ 

:Z 

:22 

s 
.sa 
1% .o# 
-041 
.03? 
.032 
.oze 
.c@4 
-015 
Al0 

%J 

.w4 

.0x. 
-.KQ 
-.OlO 
-.ol5 
-.ol9 
-A?4 
-.CQ? 
- .032 

I:% 
-.045 
-a53 
-se? 

::g 
-.U 

4.36 
-5.83 
-5.29 
-4.77 
-4.24 
-3.n 
::zz 
-2J.l 
-1.g 
::g 
-.a04 

.oG? 

.24 

:$i 

2; 

;-ii 
4:17 

5:E 

z 
& 

10:70 
12.65 

-.z# 
-.2# -224 
-.209 
I:22 
-.144 
-.=3 
-.103 

::Z$ -.aza - -03 
-.ol9 

::Z! 
-014 
m4 

:$ 
.U? 
.13? 
-157 .1?9 -199 .za .26l 
:g 
.455 

:2$ 
:Z$Z 
:ZiE 
a53 

.zi 

ig 
.om 
al47 
-0145 
.0145 
.0143 
-0148 
.Ol% 
-0167 
.Ol81 
.OlB 

:zg 

:Z 
.OrrS 
.&To 

.3x-3 
:;.g 

.2.10 

.1.04 
-.P 
-.24 
0 

:Z 
.51 

1.03 
2.04 
2.57 
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TARE3 X.- DATA FOR TRIANGUGAR WING OF ASPECT RATIO 2, 3 PERCENT THICK, 
CONICALLY CAMEBRED FOR C&=0.215 AT M = 1.0 - Concluded 

(b) Bee transition . 

f F 
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. 

TABLEi XI.- DATA FOR PLANE WING CF ASPECT RATIO 3 WITH 45’ -BACK, 
5 PWCENT TEICK WITE NORMAL LEADING EIWE 

(a) Fixed transition 

P (s.pDph apLI%(h =I CL cD G = CL CD b 

K- 0.60; R-2-W H = 0.8o;a -2.97a.cf Y= (i-90; R -2.~ K=lSO;R=2.9xlW 

Y = l-30; R = 2.~~ K = 1.50; B = n.gaos K = 1.70; R = 2.$%l(P K=l.go;R=2.9xl.cs 
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TABLEi xI.- DATA FOR PLAN'E WING Ol? ASPECT RA%'rO 3 WITH 45’ SWEEPEWK, 
5 F'ERcTJSIVT TEICKWITHRORMALLEADINGEDGE 

(b) Free transition 

F T $ a CL 4 h 
H- 0.60; A -2.ga.v 

Q CL 4 c. 

H -1.20; R - 2.9%lcs 

0.430 
-.399 
-.3% 
-.319 

::EE 
-.a6 
-.179 
5145 

::%% 
-.ob3 
-.032 
-.Wl 

:L$-t 
.116 
. 153' 
.l83 
.2l8 
.2S7 

$ 

:$ 
.6 6 
.7& 

53 
Al 

.30; 1 

-.413 
-.* 
-.347 
-.313 
-279 

::gz 

::% 

::x 
-.02g 

.oQl 

:E 

:i$ 
.191 

:Z 

:EZ 

!E 
.W 
.7x 

3.a 

75:t.T 

T 

6.50 

-.363 
-.3x, 
-.2& 
-239 
-.2W 
-.lbo 
-.a 

::z 
-.a 

2% 

-.3u 
-38 
-.EJ3 
-.a3 
-235 
-208 
-.lm 
-32 
0 
-.a66 
-.036 
-.ceo 

.oo$ 

1% 
.lal 

:2 
.Wl 
.a9 
A5 

:$Z 

.W 

.?34 

1.g: 
tz! 
r2 
:Z .all .ool -.ool -.a 
::gg 
;iz 
-.024 -.03c -. 039 

::gg 

::g 

::z 
-091 

O.UX 

:z 

:z 

3 
.03C 
.a4 
.a% 
.m3 

-.oLu 
-.W 
-.OE? 
-.(ps 

3: 

::gj 
-.C66 

::g 
-.W 
-.U) 
-.l32 

.&I7 Al9 

.0341 .au 

:Zt 2% 

:%7 r :S 

:% 
.as? 

-.oc2 

:iz 
-.an 
-.wl 

:Z 
-.a 
-.EQ 

:Ecg ~:~ 

~~ 
::Z 
-.m 
-.OV 

.02m -.oM 

::g$j 

::z 
-204 
-.17g 
-.l% 

::z 
-.a 
-.030 
-.W9 

-003 
.a7 

;sJ 

.fi7 

:E 

:Z 

:Z 

t% 
.639 
.w 

-:z 
-.‘axl 
-.2a 
-.178 
-.159 

::z 

::% 
-.a 
-.uL> 

.ool 

.a4 

~~ 

ig 

23 

:Zi 

:Ef 
.493 
.w 

:% L 
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TABLE XII.- DATAFOR~WINGOFASPECTRATIO 3WME45O SWCK, 
5PliXESTTBICKW~DIFIEDLEAD~ EWE 

(a) FIxed transition 

a %CDC,a%%%=CL% %l 

M = 0.222; R=3.cxlo= M-0.22; R= 6.ccuoe M = 0.22; R = 8.0x@ 
-3.84 "-:z ":mf& 0.001 -3.91 -0.224 o.ol50 0.003 
:gg 

.ool 

-2k 
-.I57 .0138 .o 
-.1p .ol2l -.ool 

-1.9 -.ogg .on5 -.ool 
-1.42 -.o?o .OEL -SO2 
-.88 -.045 alE& -.cm 037 -.(w .OlO2 -.oOl -1.E.L -.053 .0x% 0 
-3 -.a14 -.002 .I7 -.004 .0100 -.cm -.34 -.025 .w9 0 

.OY 
::Z 

-.ool .72 
I02 

.olog -.a01 .I7 A01 .oogfl -.cm 

1:g :% 
-.COl 1.16 *OIL07 -.m2 .m7 .Olol -.cm 

.ouo -.ool 1.75 .og6 .oJ-u -A02 :g .og .oogg -.ool 
1.63 .lOl .OlU6 -A02 2.41 .131 .ocz4 -.oCn 1.23 .065 .olo3 -.002 
2.u .I29 dl.24 -.003 2.96 .lt% .0136 -.cxJ3 1.87 .Olll -.002 
2.65 ,162 -0139 -.003 2:: 2: .014g -.a34 2.51 

3 
.Ol20 -.CQ2 

;=;z 3.03 .r65 

4:43 

-194 .=5 :ZZ -.m5 -do4 .01* .oL63 -.005 -.cm4 .0145 .01p -.m4 -.003 

.=5 .Ol88 -.006 3 .Olg6 -.006 :S .OlyEl -.CD4 
5.06 ~86 .OMO I:s 5.7n -.oo'( 4.76 .255 .0173 5.57 
6.00 -.007 66% 

-.008 284 .Olgl ::z 

7:e7 
-.QW 

6.63 2; -0351 -.008 -.oll 
:$E .ou4 I:% 

7.59 *WE- -.032 8.83 .48y -.014 :tZi -.oog 

:z .0836 .0645 --a3 -.014 n.01 9.99 A8 l 553 

:;g 

-.016 -.016 8.99 7.93 

::g 
ml3 -.Ol2 

.oi3gg 0490 .0387 -.014 

t$:Z :Z 
-.017 1o.l.l .y56 -.Ql7 
-.ol7 ll.14 -.01g 

15.l.l J-885 
-E4 

12.23 :Eit .IlP -.016 
17.19 ,859 .24O3 13.32 -.0x 
19.20 - .ol8 15.63 -A08 

-.01g 2l.05 -.047 17.32 .858 -.014 
-.Ok8 23.08 .m .3w -.oy4 19.39 .93 .2949 -.ol8 

2l.14 -934 .3510 -.W 
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TABLE XII.- DATA FOR PLANE WING OF ASPECT RATIO 3 WITH 45’ SWEEPBACK, 
5 PWCEX!? THICK WITH MODIFIED LEXIIIG EXE - Continued 

. 

(b) Free transition . 

I -I. 
c. 

a I - E - ! - 5 - I 

; UP 0 -, -, -, -, 
-, -, -/ 

P 

-, -, -, -, -, -. -* -. -, -. -I -. -. -. -. -. 

c 
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TABLE XII.- DATA FOR PLANE KtIlG OF ASPEZT RATIO 3 WITH 45= SWEEEMCK, 
5 PEBCENTTHICKWITEMODIFIEDLE%DINGEDGE 

(b) Free transition - Concluded 

a CL 1% p= 
Y- 0.9o;a -3.LBoas I( - 1.30; R - 3.6aos 

4.5 
,3.4jz 
2.34 
,125 
I:E 

$2 

6.40 
83 
a.14 

I 

0.026 

:Z 
0 
-.OOl 
-.oce 

::3 

-:E 
-.a9 
-35-7 
-A53 
I:%; 
-.a15 

1 Y- o.m;a-6.aa@ 

.Qw .a .olk? .oos! .oEe .ccQ 

.oun .Wl -0100 0 
:Z 

-.ool 
-.wl 

-WI7 -.Wl 
.cw73 -.oCn 
2% : 
:z -- -.OCXZ 
:LgZ -.W?J -.OOk 
.wn .m-m 11% 
.om -SK6 
-0239 
:S 

I:% 
-SW 

.Osog -.010 

.w3 -.0X? 

.OP5 -Al6 
:E -.015 

-.OlS 
.lM5 -Al-i 

l2E -23 

I!$$ -22 
.3%5 -m 
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TABLE XIII.- DA.TAFORWImG OFASF'ECTRATIO 3WITH 45°SWEEPRACK, 5 PERCENT 
THICK WITHMODIFIED LEADING EDGE, CONICAZLY CAMBEREDFOR Cu=O.225 AT 
M = 1.0 

(a) Fixed TransitFon 

c 
Y-L?O;R = 2.Wl.W 

= lcllcb 1% 
M-O.60:8=P.aaB 

-I- 
O 

- 

T 
c -6.77 

-6.23 

2% 

::: t 

4.76 
5.31 

e.s9 

EG 
1~:ccl 
17.07 

3.ml 
.ou 
:% 
:Z 
:iZ2 

-.wl 
-.ca -.co3 
::z 
-.a37 5007 -.w9 
-.OlO 
-.aL 
-.OU 
-.olJb 

11% 

::s 
-.ol9 
-.a3 
-.a3 
-.a?8 

::g: 

-1.35 

::B 
.03 

2.x+ 
2.70 
3.26 

-0. 
P’ -. 75 

-.432 

$3 
-.* 
-al8 
-.175 

rig 

-.Cd 
.oM 
.m.J. 

:Z 
.2lO 

:% 
.330 

:tE 

:Z 

zi 

, , 

n = 1.30; R = 2.9a@ Y = 1.70; R = 2.9Xl@ II = 1.90; P = 2.wL* 

-1.28 
-.73 

‘T 2. 7 
3.m 

4.62 
5.15 

-.320 
-.WL3 
-.a69 
-.242 
-.2l7 
-.lgl 
-.I.67 
-.142 
-.US 
-*Me 

11% 
-.Oq 

;z 

J.37 

:ig 

:Z$ 

:F 
.33 ? 

322 
374& 
.m 

.2.23 

.I.25 
-.7L 
-.45 

a 
.h 

1.83 
2.41 
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TABLE XIII.- DATA FOR WING OF ASPECT RATIO 3 WITH 45’ -cK. 5 PERcm 
THICK l?IT!B MODIFIED ILEADING EDGE, CONICALLY-CAMBti FOR CL,=&225 AT 
M = 1.0 

(a) Fixed transition - Concluded 

F a CL cD CR 

w - 0.22: B = 3.muF 

0.216 om 
-35 .a?ll 
-a3 1% 

2j .Olfii 
m.33 

I:"3 
.ol24 
.on4 

:z 
.OLze 
.OlX? 

-077 .on5 

:1" 
.OPZ 

.lP :%Z 

.2di .0153 

22; 
.a%! 
.OlB 

$j Gig 

:;g 
-0384 

a-9 :EZ 
3% .W'i 
.717 

:3 
:22J 
El50 

:E 
a7 

).cqe 0.032 .olga .wl 
xi : -.Wl 

7 

:Z -.002 
:Eg -.002 

-.003 
.03.02 -.ca3 
.olol 
.olw -22 
alo -.w4 

-3.40 
-3.61 
-Q.p 
-2.01 
-1.53 
--97 
-.47 

2 
l.& 
1.9 
2.m 
2.73 
::z 

::$I 

2% 

::ZZ 

;-z . 

tt:g 
x.72 
14.76 
16.81 
la.82 
=.* 
a.77 

0.001 
0 
-.Wl 
-.Wl 
-.Wl 
-.wz 
-.002 
-.003 
-.003 

-22 

::g 
-.cx% 
-.w7 
-.m9 
-.oog 
-.olo 
-.Oll 
-.Ol2 
-.a4 
-.Ol6 
-.a7 
-.020 
-SE6 
-.olg 
-a9 
-.olg 
-.020 

::g 

).0238 
A202 
Ali%? 
.OlV 

2%: 
.0=3 
.OlO8 
.OlO6 

:Z 
.a7 
-0-9 
.014l 
.01x3 
-0172 
.Olgo 

r% 
.OLM 

:% 
.og!30 
.OW 
.103 
.17% 

:g 

:EE 

c 
0.001 ho 
-.Wl -3-m 
-.w2 -Q.&J3 
-.w2 -2.09 
-a03 -1.60 
-.cm -1.w 

::!g: 
-A7 
-.Oe 

22 .07 
.& 

-.Kq 1.20 
-.oos 1.94 
-Lo6 a&5 

1:g.g :-g 
-A08 4:l8 
-.olo 4.72 

,.a4 
-.lgl 
-2% 
-.l28 

::gg 
-.o* 
-.002 

.w3 

$j 
.140 
.1-P. 

:g 
-253 

:$I! 

:gi 

:g 
-355 

2% 

18% 

:E 
.9@ 

:S -.w5 
-.W6 

-0x39 -.W 
Jm3 
.olm ::"d 
.olti -.oog 
;s 

1 

-.OlO 
-.oll 
-Al2 

.03a6 

.03% 
-oaJ 

-0479 -.OEL 

k63 
- .a24 
-.026 

;F$ 
-.oeg 
::z 

:E% 
-.OE 
-.w 

-.oll 5.j3 

--OU 56-E - .olj 
-.cQ~ 6:~ 
-.ola 7.93 

r:g$ $y 
-326 Il.1 -2 
-.op 12.17 

-.026 -a25 l.3. 3 15. 
-.020 17.35 
-.04g 19.42 
-.og 2l.e 

(b) Free transition 

? F 
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TABLE XIII.- DATAFORWTNG OFASPECTRATIO 3WT’lE45°SWEEPEACK,5 PEZKEmT 

TRICKWlTHMODIFIEZl LEADINGE3GE,CONICALLYCAMaeRF D FOR CLd=O.=5 AT 
M = 1.0 

(b) Free transition - Concluded 

W = 1.301 R = 2.9XlCF 1 Y = 1.50; R - 2.9xzos 

0.055 

:% 
.07s 

-6.93 -6.00 
247 

-4% 
-3186 

, 

.os3 

;p 

.0x? 

.an 

5% ;:2 
"-2 10. 3 

12.55 
14.63 

(L = I CL. c, 0 

MmOcSj R-3.- II =o.&?;R -8.d 

0.034 
.m3 
.m2 
.wl 
.Cnl 

0 
-.COl 
-.wl 
-.WC? 

r;g 

3 
-.W6 

::a 

::gg 
-.aU 
-al.2 
-.Oly 
-.olE 
-.WO 

::g; 
-.azs 
-.cps 
-.024 
-.aTJ 
-.OJ& 

::gf 

:;:g 
-3.07 
-2.ss 
-1.98 
-1.53 

::g 
-.CG? 

.% 
1.10 
1.9 
2.l.a 
2.70 
3.25 

2:E 
5.01 

-0.242 
-al7 

::g 
-.llg 
-.oes 
-.m 
-.a?6 
0 

.W 

;zj 

.I.60 

:E 
.2-m 

;g 

;$F$ 

22 

22 
z-83 
.939 
.9-n 

1.034 
l.cQ4 

‘:i?5E I “:E :% 2:: 
-2:17 
-1.66 
-l.og 
-.b8 

-:Z 
1.16 
1.63 
2.43 
3.d 
E 

::2 

z:g 
6.87 

87:g 
ln.ca 
u.og 
18.17 
13.26 
L5.P 

3. 

-3.94 -0.248 
-3.i4 
-3.27 I:% 
-2.66 -2% 
-2.08 -.I26 
-Ly-l -.m 
-1.w 
-. 47 
-.og -.m4 

.% .m 

g::7 .669 

15.15 1% 
17.16 
19.23 

E&Z 
24.n .993 

-.1* .CW5 

-.* :% -.pZ 
11% 

.0X26 

-.037 :Z 

.l62 .Oll2 

.193 

:Ei 
:X 
.Ol% 

.@3 .0174 

r.02p 0.m 
.023e 0 
.02330 -.oc 
.ol-fl -.a: 
.om -.ot 
Al24 -.oc 
.olo6 -.oc 
AC94 -.m 

:zzg 
-.cz 
-AC 

2% --Oc -AX 

1E?$ 
-Ax 
-.m 
-.oc 

.ols -.@I 

.ol!xl -.02 
Al-m -.Ol 
m-5m-5 -.a 

-.Ol 
a245 -.a 
.op3 -.Ol 
.0363 -.OI 
.cg81 -.01 
x823 -.ol 

:ZZ 
-.OS 
-.Ol 

.17&l -.Ol 

.2322 -.Ol 

. 10 

F 

-.Ol 
5 -.O! 

: 43 -.o: 
.bb5L -a 

.cm6 0 

.0172 0 
Al46 -.wl 
Al26 -.wL 
.w -.ODl 
.ooga -.oa? 
.W92 -.m3 
.cn85 -.Wb 

2% -.ooS 

I 

-.OOS 

:Z!ZZ -.ooi; -.a!4 , 
.m94 -.cQ7 
.ou9 
.om 

-.coti ~ 

.OlT7 

.a* 
i;gI 

:Zi 
-All. 
-Al2 

.o* 
mJ ::z 

-.Lpo 

:F$ ::g 
.lah3 
.I762 ::g 
.2347 -.CQ4 
.wf5 -.020 
.3ses -1% 
.w 
.w - .oy 
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1 - ---em- 

TABLE XIV.- DATAFORMINGOFASPECTRATIO 3WrTa45° SWEEFBACJC,5 PERCENT 
THICKMITHNORMALIXADING EDGE, CONICALLY CAMBEREDFOR 
M = 1.0 

(a) Fixed transition 

cLd= 0.292 A!,? 

Y- O.W:R-2.%%L@ 

a % % 0, 
H = 0.60: B = 2.9a30- H -1.20: R-2.9&? 

, 
a 32 
-.&I7 
-A43 
-.398 -30 
::z 
-242 -.2ob -.I.22 
-.a3 
-*cd3 -.olg -.ou 
2; 

g 

:g 
:g 

.E 

- 

,7.9j 
6.48 
3.93 

1 :ii 
4.2-I 
,3.n 
,3.14 

-.05 
-24 
-93 

2.10 

,232 
Z-23 

::2 
-.ol 

:Z 
1.92 
2.47 
3-a 1:“, 
4.63 
5.17 t:2 

- 

2-2 
a:72 

2:; 

-3:53 
-2.98 
-2.44 
-1.34 

1:;: 
-.a 
:g 

2s 
i-2 
4:19 

f:Z 

;:; 

8155 
LO.73 
EL66 
L4.99 
L7.08 
l8.l.o 

-3.q 
-2.5l 
-1.39 

-.83 

e.clB 
2.62 
3.m 

i:g 

f:2 

Lo. 
3 

$13 
9.23 

-O-* “:%E ::z,g 
-.45J -Al2 
-.3-m 

ig 
I:g .obo5 
-253 :% -.I3 .cb -.l.lo .a.6 3 -.on .cn 
I:% .olbo 

.a34 

g ;g 
.224 .azal. :z .a%2 
:E :Z 
2% -0424 

:FE :g .0%9 

-.we 

zz 

-.oce 
-.@J7 
-.oog 
-.OlO 
-.oll 
-.ou 
-.cu4 
-.Ol8 

::g 
-.ccfi 
-.033 I - 

H = 1.30; B = 2.9X@ K-1.90; R -2.9~Ib 

2% 
a:53 

2 
:;-g 
&i 
-2.30 -1.22 
::g 
-.ol 
:Z 

1. 1 
2-K 
2.93 
3.53 

t-2 
5:14 

Z:E 
i $2 
E:Zi 

::z 
3% ::g 
-.248 
-.W 
-30 
-.mB 
-.W 
--cm 
-.ol6 

-:g 
.105 
.141 
.176 

:Z 

;g 

2.c 

:g 
-746 

.lCQ 

:E$ 

:% 

ig 

.cag 

2% 
0 
-.wl 
-.OlO 
-.oeg 
-033 
::g 

::g 

::gg 
-.a 
-.lW 
-A.4 

::g 

yg -S:bE! 
;zj 
-2:&l 
-2.28 
-1-P 
-.?T 
-.47 -.01 -25 .m ::t$ 
2.9-i z -50 

-03 
4.57 ;:g 
i:z LO:42 E-9 

14.67 

1:s 
-.32S 
::gg 
-239 
-.=9 -.l60 -.149 ::gf 
-.043 I:% 
$ 
.140 
-177 
-205 
.235 
-263 
-290 

;g 
-735 

-.-I3 
-.b6 
-.a? 

:E 
1.88 
2.41 
2.94 2% 
4.53 iz 
6112 

:% 
;h 
-037 
.033 
.a2 
:Z 
.cd 

-.oLE 
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-*OIL7 
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5026 
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$3 
-.W 
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::Ig 
-.lOl 
-.W 

::i$ 

- 

_ 
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TABLE XIV.- DATA FOR WING OF ASPECT RATIO 3 WITH 45O SWEEPBACK, 5 PERCENT 
TEICK WITB NORMAL I;GADING EZE, CONICALLY CAMBERED FOR C~~aO.292 AT 
M = 1.0 - Concluded l 

(b) Free transition 

Y = 0.60: R = 2.9%X@ 

(L IcLlQlsl (L 
)I IOm8Qj E-2-W M = 0.90; R = 2.W Ml 

-6.67 
-6.19 
-5.9 

:t$ 

0.550 
f$j 
-.4l6 
-.379 
::g 

::g 
-.069 

-2.Z 
.146 

:Z 

3 

i$! 
.533 
.630 
.7@ 

-.52 

0.w 
-.476 
-.W 
-.4l3 
-.3 9 

L 
X&Q 
-.2L7 
::g 
5066 
-.oog 

:s 
-160 

:3 

:Z 
.349 

1Ei 

?jj 

.910 

‘:lZ 
;g 
.ol8 
2% 
:z 
i;g 
-.OlO 
-.a2 
-.a3 
-.0X5 
-.cn6 
-.ol7 
-.olg 
-.a20 
x030 

;;g 

11% 

$3 
.5.93 

5:; 

.3:69 
a.55 
a.41 
-34 
-.53 

3 
2.n 
2.67 
3.24 

S:$ 
4.94 

$2 
. 

a:$ 

a. 
-. 

F ::406’ 
::g 
-.2%2 
-.2CA 
-.I23 -.c& 
-.W9 -.can 

.a7 

.w 

:g 

:$ 

:i$ 

;g 

.593 

:Z 

0 

Id-l.5O:R = 2.W Y = 1.90: M I 1.30; 

.104 

;g 

$2 

2% 

:g 
-.@x? 
-.cnl 
m.027 

::z 

::z 
-.a 

::g 

::1"Q: 
al.7 
..143 
..165 

-.462 

::3 
-.358 
-.323 
-.f& 
-.W 
::;g 

::Z 
-.009 

:z 
.lC 
A78 

:% 
2-79 

:g 

iii 
.730 

-.388 
-.357 
-.a 
-.3ca 

xg 

-*l&z 
I:% 
-.a2 
-.046 
-.cg 
-.oog 

3 
.148 
a80 

:Z 

:g 
.379 
.4% 

2% 
.737 

:z 
$2 
:Z 
;4 

.ii 
-.W -.009 -.@I. -.oeb 
-.ozZ 
-% -.dl6 
-.W -.osT -.a62 
-42 -.C%2 -.la? -.ug 
-.l% 
-.lpCl 

1 
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TABLE XV.- ~FORWI~OFASPEZCTRATIO3WI~45OSWEE~~,5PERC~ 
THICK WITB MODDJ'IED LEADING EDGE, COI%WSCLY CaMBERED FOR C~=0.292AT 
M = 1.0 

('a) Fixed transition 

a CL % h 
Y-0.60~ R=B.%LCf 

:Zi -.olu -.CQ2 

I 
;g if% 
-1433 -.ce3 
.19fR -.a23 

2% --z -. 

11=1.90.-R -2.%ClcS 

222 
'I- 
8. 
.O. 
2.Q. 
.4.5l 

24 --(WI 
-78 .cno 

1.86 2.39 :Z 
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TABLE xv.- DATAFORWINGOF ASPECTRATIO 3WITH 45'S WEEPRACK, 5 F!EEmmT 
THICK WITH MODIFIED LEADING EDGE, CONTCAILY CAMBERED FOR Q=O.292 AT 
M = 1.0 

(a) Fixed transition - Conclu&ed 

(L cr. CD 0, 

M - 0.22; R - B.oKe 

“:S 

;g 

:EG .KQ .Wl 
; 3 
-.oOl 
-a02 

rz 

-.CCA 
-.fJW 
-.OlO 
-.a-3 
-.olg 
-.olg 
-.CQ2 
-A%? 
-.03 .? 
- .023 
- .023 
-.op 
-a46 

-r r -I- 
-3.69 

2-z 
-1:95 
:1'-g 
-;z 

t 

1:; 
1.0 

2.13 
2.67 

'2: 
2 .35 
4.m 

EZ 
6.63 

87:: 
9.7-l 

lo.66 
XL.83 

2% 
17.05 
19.02 

ER 

‘1:z 
-.X3 
-.145 
-.U7 
-.086 

::g 
.m5 
.039 

:% 

:Z 
.w 

.z 

.3= 

2.E 
.m 
-SP 
-533 
.a9 
.P3 

:E 
.* 
.99s 

1.Ol.Q 

I.0289 
:;:g 
-Q.P 
-2.05 
-1-67 
-1.09 
-.se 
-.Q9 

0.253 
-.23a 
-287 
-.lW 
-.123 
-.cm 
-.w9 
-.a?4 

.m3 

.os 

.070 

.lCQ 

.I35 

.lP 

.Qo3 

2; 

2% 

:%,' 

1% 

:Z 
.724 
.&-I 

:E 
1.010 
La?5 

.wv 
-0253 
.c2ll 
.Ol% 
.Ol6l 
.014l 
.OU7 
AJ.l.8 
.OlR6 

:z 
.Olco 
.O'-U 
.OW 
.0139 

:Z% 
.0196 
.a=9 
.02ge 
.OM3 
.G n 

3 .o ss 

;Ej$ 

.un 

:Z 

2% 

I;:$ 
Q.& 
-Q.og 
-l.W 
-1.l.Q 
I:$ 

1% 

X 
2.99 
% 

-63 

4:: 

z-2 
6:s 

~:~ 
9.04 

lo.19 
u.29 

g: 7 r6 

l.c!a%z o.cxa 
*cQ66 22 .02Ql 
.O’.M 
:%?I E! 
.OM .003 
.ol24 .@?2 
.olu *WC? 

::Z 
.a31 
.wl 

.ou4 0 

-0.2% 
-.a1 
-.les 
-.l% 
-.l23 
-.m 
-.c& 
-.w 

-003 

:Zgi 

:Z 
.I-?+ 
.K6 

:Z 

:g 

:g 

:E 
.Q- 
.6n 
.733 
.w 

23 .olm 
.017Q 
.0153 

.ol24 0 
~136 -.ool 

:% 
-.w2 

.ol& ::g$ 

.ol4i -.ool 

.om -.aop 

.ol64 -.w 

.olQ -. d 

.a203 -.w 

.023 -.w6 

.oQ53 -.CU7 

.oglQ -.OlO 

.0379 -.0X? 

.OS?J -al5 

.0533 -al.7 

:$$ 
.14% 

;ig 

.a% -.017 

g 22; 

::$g 
- .w7 
-.010 
-.ol3 
-.Ol6 
-.cec 
11% 
- .op 
-.a?3 
-.cQ3 
-.c& 

(b) Free transition 

a 
H - 0.W; R = 2.Wd 3.60; R - 2.9x1@ 

-.4M 

1:;: 
-.303 
-.QQc 
-.I39 

::z 
-.a% 

-:FE 

:g 
-198 
.a5 
:Z 
.353 

:G 

:3? 

;g 

:$i 

O.CQ6 

jg 

.azc 

.a7 

:Z 
.@J3 
.wl 

-.KQ 
-.oqj 
-.W 
-.wl 
-.UM 

::z 
-.cas! 
-.cn4 
-.a6 
-.ol7 
-.Ol8 
-.04 
-.030 
::g 
-LA3 
::Z 

,3.70 

.95 
2.10 
Q.67 
3.P 

.ol45 .co5 

.O.l32 .003 

.cLL9 -.lxe 
-.c& 
-.W3 

Z:$ 
7.65 
0.76 

10.67 
13.03 
15.13 

Xi 
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TABLE XV.- D&PA FOR WING OF ASPJZCT RATIO 3 b?FE!EI 45O SWE3PEUCK, 5 PERCENT 
TBICKWITHMODIFIED LEADING EDGE, CONICALLYCAMBERE3 FOR C~d=O.292 AT 
M = 1.0 

(b) Free transition - Concluded 

- 
0. 

-. 
-. 
-. 
-. 
-. 
-. 
-. 
-. 
-. 
-. 
-. 
-. 
-. 
-. 
-. 
-. 
-. 
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X mod 
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(a) Ordinates. 

r_A=l. 0 
(wmg lea P, edge) 

- .99 

Figure l.- Design charts for the det ermfnation of a modified conically 
cambered surface. 
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I A= 995 

Pm 

(b) Slopes. 

Figure l.- Concluded. 
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Equation of fuselage ordinates 

+,= [I- (I-$)2]f All dimensions in inches 
unless otherwise noted 

(a) Triangular wing. 

Figure 2.- DImensional. sketches of models. 
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see tigure 2 (a) for equatkNl 
of fuselage ordinates 

All dimensions In inches 
unless otherwise noted 

Transition strip -\ n- r 

- 18.05 
I -+ 6.17 t- 

46,93 ‘I 
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(b) Sweptback wing. 

Flgure 2. - Concluded. 
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Figure 3.- Comparison of normal and modified leading-edge radii for 
sweptback wing. 
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Figure 4.- Representative ail-foil sections for conically cambered wings. 
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(b) Sweptback wing; Ck = 0.292 

Figure 4.- Concluded. 
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Figure 5.- Effect of fixing transition on the variation of drag charac- 
teristics with Reynolds number for a 5-percent-thick plane triangular 
wa3- 
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Figure 3.- Concluded. 
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Figure 6.- Effect of fixing transition on the variation of drag coefficient with Reynolds number 
for a 5-percent-thbk triangular wing with conical camber. 
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Figure 7.- Effect of cotical camber on the variation of drag coefficient with lift coefficient for 
a 3-percent-thick triangulm wing with fixed transition; R = 5.6~~0~. 
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Figure 8.- Defect of conical camber on the variation of drag coefficient with Wch number for a 
3-percent-thick triangular wing at several lift coefficfents with fixed transition; R= 5.6~1.0~. 
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Figure 9.- Cmparison of experimental drag polars with theoretical drag polars computed from 
liftingcsurface theory for a triangular wing with conical camber. 
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Figure lO.- Defect of the leading-edge modification on the variation of drag coefficient with Mach 

number for a >-percent-thick sweptback wing at several lift coefficients with free transition; 
G 

R = 2.9~30'. 
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(b) Wing cambered for cLd = 0.292 

Figure lo.- Concluded. 
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Figure Il.- Ef'fect of conical camber on the variation of drag coefficient with lift coefficient 
for a 5-percent-thick sweptback wing with fixed transition; R = 2.9x10e except as noted. 
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Figure 12!.- E!fPect of conical camber on the variation of dxag coefficient with Mach nmiber for a 
5-percent-thick sweptback wing at several. lift coefficients with fixed transition; R = 2.9x10’. 
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Figure 14.- Variation of incremental drag coefficient due to camber with 
design lift coefficient for a 5-percent-thick 45O sweptback wing with 
fixed transition; R = 2.9x1@. 
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(a) CL vs. a 

Figure 15.- Effect of conical camber on the lift and pitching-maent characteristics of a 
3-percent-thick triangular wing with fixed transition; R = 5.6~10~. 



Cm 

b) CL we c, 

Fitwe 15.- Concluded. 
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Figure 16.- Effect of conical camber on the lift and pitching-m-n-t characteristics for a 
5-percent-thick sweptback wing with fixed transition; R = 2.9x10e except as noted. 
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