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By E. Ray Phelps and John W. Boyd sa 

The r e s u l t s  of an investigation directed a t  determining the  effec- 
t iveness of various amounts and spanwise extents of conical camber on 
the  aerodynamic character is t ics  of a wing-body-tail combination employ- 
ing a t r iangular  wing of aspect r a t i o  2.2 a re  presented. The surface 
shapes investigated were modifications of those derived from l i f t i n g  
surface theory f o r  a Mach number of 1.0. 

Five cambered wings were tested,  a l l  of which were designed f o r  a 
Mach number of 1.0. The wings tested were cambered over the  outboard 
10 percent of the  loca l  semispan f o r  design l i f t  coeff ic ients  of 0.10 and 
0.20 and over the  outboard 15 percent of the loca l  senispan fo r  design 
l i f t  coeff ic ients  of 0.10, 0.20, and 0.30. A plane wing was a lso  t e s t ed  
t o  provide a bas is  f o r  comparison. The l i f t ,  drag, and pitching moment 
were obtained f o r  a Mach number range from 0.70 t o  1.90 a t  a constant 
Reynolds number of 3.0 mill ion and for  angles of a t tack from -4' t o  +12O. 

The experimental r e su l t s  showed tha t  a moderate amount of camber 
resul ted i n  s ignif icant  reductions of drag of the wing-body-tail combi- 
nation at subsonic and transonic speeds; a t  low supersonic speeds, hm-  
ever, only s m a l l  reductions of drag were realized. The use of greater  
amounts of camber produced large reductions i n  drag a t  l i f t  coeff ic ients  
above 0.20 f o r  high subsonic and transonic speeds. A t  high supersonic 
speeds, however, the  benefi ts  of camber a r e  considerably reduced and gen- 
e ra l ly  r e s t r i c t ed  t o  l i f t  coefficients of 0.30 and above. Increase of 
the spanwise extent of the  cambered area from 10 t o  15 percent of the  
loca l  semispan generally resulted i n  small reduction of the model drag 
fo r  a design lift coefficient of 0.20. The l i f t  and pitching moment 
were not s ignif icant ly affected by the camber. 
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INTRODUCTION 

One of the primary prerequisites in the design of an aircraft is 
the achievement of the lowest possible drag. 
subsonic speeds this requires the minimization of the friction drag and 
of the drag due to lift. For airplanes that fly at supersonic speeds 
another source of drag must be considered - wave drag. 

For aircraft that fly at 

The present report presents the results of an experimental investi- 
gation directed at reducing the drag due to lift at subsonic and low 
supersonic speeds where it is largely vortex drag. It has been shown in 
reference 1 that a surface shape could be derived having aerodynamic 
characteristics which approximate the conditions necessary to attain the 
minimum vortex drag for triangular wings, namely, that the span load 
distribution approximate an ellipse and that the equivalent of the theo- 
retical leading-edge thrust be realized. The experimental studies of 
references 1 and 2 show that a modification of the surface shape desig- 
nated as conical camber resulted in large reductions in the drag due to 
lift values of such wings. The data also showed, however, that at super- 
sonic speeds an increase in the drag near zero lift resulted from the 
camber. Subsequent studies have indicated that a smaller amount of 
camber than originally tested might be advantageous in that the zero- 
lift drag penalties would be reduced at supersonic speeds with little 
detriment to the drag reductions at subsonic speeds. 

A study was undertaken, therefore, to determine the effectiveness 
of various amounts and extents of conical camber on the aerodynamic charac- 
teristics of a low-aspect-ratio triangular wing. The tests were conducted 
on a model of a fighter airplane having an aspect-ratio-2.2 wing of tri- 
angular plan form conically cambered over two different spanwise extents 
for several design lift coefficients. The present paper presents a 
comparison of the experimental data obtained for the model with the plane 
and cambered wings. Some comparisons are also made between experimental 
drag results and the theoretical values obtained for full and no leading- 
edge suction. 

SYMBOLS 

a 

b 

ratio of the slope of a ray from the wing apex defining the 
inboard extent of the camber to the slope of the wing 
leading edge 

local span, measured at a streamwise station x 



NACA RM A57A10 
l l l o o  l 0 .  0 0  

c local chord, measured at a spanwise station y 

- 
c mean aerodynamic chord 

section lift coefficient, 
section lift 

2 qc 

'= r root chord 

C- b a g  drag cnefficient, .- 
U 

C ~ o  drag coefficient of plane wing at zero lift 

~ C D  increment in drag coefficient due to camber (drag coefficient 
of cambered wing minus drag coefficient of plane wing) for 
constant lift coefficient 

lift coefficient lift 
L n s  

C~ 
design lift coefficient 

C 
L 

Lo~t 
lift coefficient for maximum - 

D 

pitching-moment coefficient , pitching cm qSE , referred to an 
axis 0.016E above the lateral axis which passes through the 
mean aerodynamic chord at 0.275c 

c L lift-drag ratio, 

(9max 
maximum lift-drag ratio 

m slope of wing leading edge, cot A 

M free-stream Mach number 

9 free-stream dynamic pressure 

S plan-form area of wing, including that portion within the body 
formed by extending the leading and trailing edges to the 
plane of symmetry 

X Y Y ~ Z  Cartesian coordinates in streamwise, spanw",se, and vertical 
directions, respectively 
 h he origin is at the wing apex.) 

a angle of attack of wing root chord, deg 

A angle of sweepback of wing leading edge, deg 



1 

TREOFETICAL CONSIDERATIONS .' 
I 

In the theoretical development of reference 1, it was shown that a 
conically cambered surface shape could be derived which satisfied the 
two requirements necessary to the attainment of low drag due to lift for 
wings having subsonic leading edges, namely, that the span load distri- 
bution approximate an ellipse and that the equivalent of the theoretical 
leading-edge thrust be developed. The theoretically derived camber 
extended over the entire wing; however, as shown in reference 1, most 
of the camber was confined to the outboard sections of the wing. It was 
concluded therefore that, in order to simplify construction, the wing could 
be made planar over the inboard 80 percent of the local semispan without 
significantly altering the spanwise load distribution or adversely affect- 
ing the development of the equivalent thrust force. This was verified 
experimentally in reference 2 wherein it was shown that at subsonic speeds 
the wings incorporating the modified conical camber realized essentially 
the drag due to lift associated with a plane wing having elliptical span 
load distribution and full leading-edge suction. 

In the design of aircraft the extent of the wing which can be cam- 
bered is often limited by structural considerations, so that it is of 
interest to determine the effects of various extents and degrees of 
conical camber. The wings utilized for the present investigation, there- 
fore, contained modifications in addition to those described above to 
permit variation of the extent and degree of camber. The degree of 
camber or displacement of the wing leading edge was obtained directly 
from the design charts of reference 2 for the proper design lift coef- 
ficient and Mach number. Since it was desired to camber over smaller 
percents of the semispan than the 0.20 value for which the design charts 
of reference 2 were derived, an approximation to the shape of the camber 
line was necessary. A parabolic variation of the camber line was arbi- 
trarily chosen from the wing leading edge to the inboard extent of the 
camber and is shown in figure 1. Also shown in figure 1 for comparison 
are the ordinates of the modified theoretical surface as obtained from 
the design charts of reference 2 for a design Mach number of 1.0. The 
parabolic camber line had as its vertex the point of tangency of the 
cambered surface and the plane surface and is defined by the equation 
shown in figure 1 for a design Mach number of 1.0. Since the basic 
requirement necessary to the attainment of the equivalent leading-edge 
thrust force, that is, that the wing leading edge be cambered, has not 
been invalidated by these modifications, it is reasonable to expect that 
an effective force in the thrust direction would still be realized. The 
question arises, however, as to what effect these modifications would 
have on the other requirement, the span load distribution. A n  analysis 
based on the linear lifting surface theory was made, therefore, to deter- 
mine the span loading for the precise wing shapes that were tested. The 



results of this study are shown in sketch (a) where it can be seen that 
the theoretical span loading for the wings cambere3 over both 10 and 15 
percent of the semispan are not greatly different from the elliptical. 
It r:=zld be ex-yecteCi, iherefore, that at the design conditions the drag 
due to lift of the wings with a parabolic variation of the camber line 
would closely approximate the minimum drag due to lift for a wing of this 
aspect ratio. 

Combered over 10-percent 3 
b 

Sketch (a) 

Gombered over 15-percent 3 
b 

APPARATUS AIv?) MODE IS 

Test Facility 1 

The experimental studies reported herein were conducted in the Ames 
6- by &foot supersonic wind tunnel, which is of the closed-circuit, 
variable-pressure type utilizing an aspmetric adjustable nozzle to obtain 
a Mach number range continuous from 0.7 to 2.2. The transonic capabilities 
are the result of recent modifications providing perforated upper and 
lower test-section walls. A part of the boundary layer is removed through 
the perforations to improve the stream characteristics. An upward exten- 
sion of the Mach number range was obtained by the use of injector flaps 
downstream of the test section to reduce the required compression ratio 
across the nozzle and to better match the weight flow characteristics of 
the nozzle to those of the compressor. 

An extensive survey of the wind-tunnel stream characteristics was 
undertaken upon completion of the modifications. Analysis of the results 
of the survey, although incomplete, are sufficiently advanced to establish 
the fact that the stream imperfections do not affect the validity of the 
results of the present investigation. 
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Description of Models 

The present research program was directed primarily to the investi- 
gation of the effects of various amounts and extents of conical camber 
on the drag characteristics of a wing of triangular plan form. For this 
purpose a complete configuration comprising a triangular wing, indented 
body with open inlets, and a vertical tail, similar to that of a con- 
temporary fighter airplane was used. Figures 2 and 3 show the test model. 
The triangular wing, which was of aspect ratio 2.2, was fitted with 
removable leading edges in order to permit rapid changes in the amount 
of camber. The wing area, leading-edge sweep, and aspect ratio were 
unchanged by the camber modifications to the leading edge. 

Five cambered wings, all of which were designed for a Mach number 
of 1.0, were tested. Two of the wings incorporated camber over the 
outboard 10 percent of the local semispan and three incorporated camber 
over the outboard 15 percent of the local semispan. The degree of camber 
incorporated over the outboard 10 percent corresponded to design lift 
coefficients of 0.10 and 0.20. The degree of camber incorporated over 
the outboard 15 percent corresponded to design lift coefficients of 0.10, 
0.20, and 0.30. The design of each of the cambered surfaces conformed 
with the method described under "Theoretical Considerations." A plane 
wing was also tested to provide a basis for comparison. The thickness 
distribution used for both the plane and the cambered wings is tabulated 
in table I and was a modified-NACA 0003.9-65 section. 

TESTS AND PROCEDURES 

Range of Test Variables 

Experimental data were obtained during the investigation over a Mach 
number range from 0.70 to 1.90 and over as wide a range of attitudes as 
was possible from structural considerations. In general, angles of attack 
from -4' to +12O were the limits of the range of this variable. Data 
were obtained for a Reynolds number of 3.0 million based on the wing mean 
aerodynamic chord. 

At the low Reynolds numbers at which tests are conducted in most 
wind tunnels, the location of the transition from a laminar to a turbulent 
type of boundary layer is influenced by lift coefficient. In order that 
the comparisons made, particularly of the drag characteristics, be for a 
consistent type of boundary-layer flow throughout the lift-coefficient 
range, some means of maintaining transition at the same location for all 
lift coefficients is necessary. The results of reference 3 have indi- 
cated that turbulent flow on wings can be obtained by the use of wires. 
The wire size required to promote turbulent flow is dependent on test 
Mach number and the Reynolds number based on the mean aerodynamic chord. 

I 



On the basis of these results the data of the present investigation were 
obtained with 0.010-inch-diameter wire fixed on the body, vertical tail 

u and on the wings near the leading edges (see fig. 3). 

Reduction of Data 

Tne data presented herein have been reduced to standard NACA coef- 
ficient form. The pitching-moment coefficients were referred to a lateral 
axis which passes thro-agh a point at 0.275; behind the leading edge of 
the wing mean aerodynamic chord and 0.016E above the mean aerodynamic 
chord. The drag coefficients were adjusted to take account of measured 
internal drag and are, therefore, external drag coefficients. Factors 
which affect the accuracy of the results are discussed in the following 
paragraphs. 

Stream variations.- Extensive surveys of the stream characteristics 
were made in the Ames 6- by 6-foot wind tunnel throughout the available 
Mach number range. The data showed that over the model length essentially 
no stream curvature existed in the pitch plane of the model and that the 
axial static-pressure variations were less than +1 percent of the dynamic 
pressure. For the models investigated herein this static-pressure varia- 
tion resulted in negligible corrections to the drag due to longitudinal 
buoyancy. Therefore, no corrections to the data for stream curvature or 
static-pressure variations were made for the present investigation. 

A stream angle was found to exist in the vertical plane in the test 
section (the pitch plane of the model) which varied with Mach number. 
Test of the model of the present investigation in both normal and inverted 
attitudes corroborated closely the magnitude of the stream angle obtained 
from a cone survey. The data presented herein have been adjusted for the 
stream angle which was as much as 0.25~ downflow at a Mach number of 1.0. 

Support interference.- The effects of model support interference 
on the aerodynamic characteristics were considered to consist primarily 
of a change in the base pressure of the model. The base was 
measured, therefore, and the drag data were adjusted to correspond to a 
base pressure equal to the free-stream static pressure. 

Tunnel wall interference.- In order to establish the usefulness of 
the 6- by 6-foot wind tunnel as a test facility, particularly at tran- 
sonic and low supersonic speeds where reflected disturbances might affect 
the results, the tunnel calibration tests were extended to include models 
of various sizes and plan forms. These unpublished data indicate that 
as a result of the perforated floor and ceiling, reliable data could be 
obtained throughout the Mach number range of the facility with certain 
restrictions on model size and model attitude. Although the model geo- 
metric characteristics and necessary to obtain 
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interference-free data have not been completely defined, sufficient data 
are available to indicate that for the configuration of the present 
investigation, the data obtained at transonic and low supersonic speeds 
are sufficiently free of wall interference effects that conclusions drawn 
would not be affected. Thus, no correction for this effect has been made. 

RESULTS AND DISCUSSION 

The complete results of this investigation are tabulated in table 11. 
The portion of the data which are analyzed are also presented graphically. 
In figure 4(a) the drag results obtained for wings cambered over the 
outboard 10 percent of the local semispan for design lift coefficients of 
0.10 and 0.20 are compared with those obtained for a plane wing. Fig- 
ure 4(b) shows a similar comparison for wings cambered over the outboard 
15 percent of the local semispan for design lift coefficients of 0.10, 
0.20, and 0.30. Figures 5 through 8 are devoted to further comparisons 
of the drag results obtained from the plane and cambered wings. Lift 
and moment data are presented in figures 9, 10, and 11. 

Drag Characteristics 

The effectiveness of the various cambers in reduCing the drag result- 
ing from lift for the model of the present investigation can be seen in 
figure 4. A reduction of the drag resulting from lift is shown to exist 
throughout the test Mach number range for all the cambered wings, although 
a drag penalty was incurred near zero lift for the model having wings 
cambered for design lift coefficients of 0.20 and 0.30. The model with 
the wing cambered for a lift coefficient of 0.10, however, exhibited 
equal or less zero-lift drag than with the plane wing at Mach numbers 
less than 1.9. When the reasons for the reduction of drag at zero lift 
are considered, it is necessary to realize that for both the'cambered 
and the plane wings zero wing lift (where drag due to wing lift was zero) 
occurred at some negative model lift coefficient (see fig. 10) as a result 
of the cambered body and wing-body interference effects. Therefore, at 
conditions of zero total lift a finite amount of positive lift was carried 
by the wings and the possibility of a reduction in drag for the cambered 
wings from that of the plane wing existed due to the development of an 
effective leading-edge thrust for the cambered wing. 

To demonstrate more clearly the reduction in drag resulting from 
the effective leading-edge thrust developed by the cambered wings, a 
comparison is shown in figure 5 of the variation of drag coefficient with 
Mach number for the plane and cambered wings at several lift coefficients. 
A comparison of the results obtained for the wings cambered for a lift 
coefficient of 0.10 with those for the plane wing shows that significant 

-,s 
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reductions i n  drag a t  l i f t i n g  c$ndf$ionsowere real ized by the  cambered 
wings at subsonic and transonic speeds with essent ial ly  no penalty i n  

i 

u ze ro - l i f t  drag. I n  the same speed range the wings incorporating greater  
amounts of camber real ized even larger drag reductions fo r  l i f t  coef- 
f i c i e n t s  above 0.20 but a t  the  expense of an increased drag a t  zero l i f t .  
Although the  beneficial  e f fec ts  of the cambered leading edges were great-  

l e s t  a t  subsonic and transonic speeds, it appears tha t  a portion of the  
effect ive leading-edge thrus t  was also real ized a t  law supersonic speeds. 

I A t  the higher slr2erscnic spee<s, hcvever, thz benzfi ts  of cmbcr zznz 

considerably reduced and are  res t r ic ted  t o  l i f t  coeff ic ients  of 0.30 and 
above. The unusual var iat ion of the drag coefficient i n  the  transonic 
speed range noted i n  f igure ?(a) for  the wing cambered fo r  a l i f t  coef- 
f i c i e n t  of 0.10 i s  not consistent with the r e su l t s  of the  other wings 
and i s  not c lear ly understood. 

The preceding r e su l t s  have shown tha t  large reductions i n  drag 
coeff ic ients  can be realized a t  subsonic and transonic speeds on a tri- 
angular wing with various amounts and extents of conical camber. The 
r e s u l t s  shown i n  f igure 6, which presents the incremental drag coeff i -  
c ien ts  due t o  camber as a function of design l i f t  coefficient a t  several 
Mach numbers, a re  included as  a guide t o  indicate the  amount of camber 
necessary t o  achieve the  most desirable overall  drag character is t ics .  

Examination of the r e su l t s  shown i n  figure 6 indicates t h a t  some 
amount of camber ( o r  design l i f t  coefficient) can usually be chosen 
beyond which fur ther  reductions of drag w i l l  not be real ized f o r  the  

I usual cruise l i f t -coef f ic ien t  range. It must be remembered, however, 
t ha t  t he  t e s t  l i f t  coefficients shown i n  t h i s  f igure a re  not those of 
the  wing but those of the  complete model and, hence, t he  drag increments 
shown are s t r i c t l y  applicable only for t h i s  par t icu lar  model. It i s  

I 

evident from these data tha t  for  f l i gh t  l i f t  coeff ic ients  up t o  0.20 the  
camber employed should not exceed that  corresponding t o  the design l i f t  
coefficient of about 0.20. For f l i gh t  l i f t  coeff ic ients  above 0.20 the 
r e s u l t s  of figure 6(b) show tha t  greater amounts of camber resul ted i n  
large reductions i n  drag a t  subsonic speeds. However, such increases i n  
amount of camber were accompanied by increases i n  the  zero- l i f t  drag 
throughout the speed range. 

The ef fec ts  of the spanwise extent of the  camber on t h e  drag charac- 
t e r i s t i c s  may be seen by comparison of figure 6(b) with f igure 6(a) .  For 
design l i f t  coefficients of 0.10 there was l i t t l e  difference i n  the r e su l t s  
obtained for  the  wings cambered over 10 and 15 percent of the  loca l  semi- 
span. For design l i f t  coefficients of 0.20, however, the  data indicate 
tha t  the  wing cambered over the 15-percent semispan had somewhat superior 
drag character is t ics  than did the wing cambered over 10 percent of the  
semispan. This i s  apparently due t o  the smaller penalty i n  drag a t  zero 
l i f t  t ha t  i s  associated with the more gradual contouring of the  wing 
cambered over 15 percent of the semispan. 
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To permit assessment of the effects of conical camber on the lift- 

drag characteristics of the model, figure 7 presents a comparison of 
lift-drag ratio as a function of lift coefficient for the model with the 
plane and cambered wings. The beneficial effect of the camber is again 
evident for Mach numbers up through 1.2 and, furthermore, it is shown 
that this effect exists for all test lift coefficients above about 0.10. 

In figure 8, the maximum lift-drag ratios measured for the plane- 
wing model and the models with the various cambered leading edges are 
summarized as functions of Mach number. For comparative purposes, curves 
are also shown corresponding to the full and no leading-edge suction 
cases for a wing of this plan form calculated from the values of zero- 
lift drag measured for the model with the plane wing. Inasmuch as these 
experimental zero-lift drags do not correspond to conditions of zero 
wing lift these curves are not strictly applicable to the test wing-body- 
tail combinations. They present, however, an approximate means of com- 
paring the proportions of the available leading-edge thrusts obtained 
by the cambered wings. 

If the calculated curves are assumed to be limits of the effect of 
leading-edge suction, the most highly cambered wing (cL = 0.30) can be 

d seen to have attained a value of maximum lift-drag ratio approaching 
that for full leading-edge thrust at a Mach number of 0.70 (see fig. 8(b)). 
Although somewhat lower than for the wing cambered for a lift coefficient 
of 0..30, the maximum lift-drag ratios for the wings cambered for design 
lift coefficients of 0.10 and 0.20 were equal to or higher than those 
for the plane wing for Mach numbers up to 1.5. ~ v e n  for a Mach number 
of 1.9 only the wing cambered over the outboard 10 percent of the local 
semispan for a lift coefficient of 0.20 experienced a measurable reduc- 
tion of maximum lift-drag ratio below that for the plane wing. In gen- 
eral, increasing the extent of the camber from 10- to 15-percent semispan 
resulted in only slight changes in the maximum lift-drag ratio. As a 
point of general interest it should be mentioned that the unusual varia- 
tion of maximum lift-drag ratio at transonic speeds for the wing cambered 
for a lift coefficient of 0.10 shown in figure 8(a) is not clearly under- 
stood. It results, however, from the aforementioned decrease in drag 
at lift shown for this configuration in this speed range (see fig. 5(a) ) . 

In order to show the effects of camber on the lift coefficient for 
maximum lift-drag ratio, figure 9 is included which presents C~opt as 
a function of Mach number. The results are of interest in that they show 
that the cambered wings realize the maximum lift-drag ratio at lift 
coefficients which are not greatly different from that of the plane wing. 
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L i f t  and Moment Characteristics 

During t h i s  investigation experimental r e s u l t s  were a l so  c:itaiced 
showing the e f fec ts  of conical camber on the  l i f t  and moment character- 
i s t i c s  of the  t e s t  models. The lift and pitching-moment curves shown i n  
f igures  10 and 11 f o r  the cambered wings a re  essent ial ly  p a r a l l e l  with 
those f o r  the  plane wing and displaced only s l ight ly .  A small posi t ive 
s h i f t  i n  the angle for  zero E f t  which i s  $dc t o  e f f x t l v e  washout 
resu l t ing  from camber i s  of l i t t l e  significance but the posi t ive s h i f t  
i n  pitching moment should r e su l t  i n  a small decrease i n  t r i m  drag. 

C ONCLUSION S 

An experimental investigation was made t o  determine the effect ive-  
ness of various amounts and extents of conical camber i n  reducing the  
drag resu l t ing  from l i f t  on a triangular wing of aspect r a t i o  2.2 i n  
combination with a body and ve r t i ca l  tail .  The r e su l t s  of t h i s  invest i -  
gat ion showed: 

1. The use of a moderate amount of conical camber resul ted i n  
s ignif icant  drag reductions throughout the  range of posit5ve l i f t  coef- 
f i c i e n t s  fo r  subsonic and transonic speeds. Furthermore, some reduction 
of drag a t  l i f t i n g  conditions was achieved at  supersonic speeds with 
essent ia l ly  no penalty i n  drag a t  zero l i f t .  - 

2. The use of greater amounts of camber produced large reductions 
of drag a t  high l i f t  coefficients for  subsonic and transonic speeds with 
l i t t l e  penalty i n  drag a t  zero l i f t .  The camber was effect ive i n  reducing 
the drag a t  high supersonic speeds only a t  l i f t  coefficients of 0.30 and 
above. 

3. Changing the  extent of the  cambered area from 10 percent t o  
15 percent of the loca l  semispan resul ted i n  s l ight  improvements i n  drag 
character is t ics  fo r  a design l i f t  coefficient of 0.20. 

4. The l i f t  and pitching-moment charac ter i s t ics  were not s ign i f i -  
cantly affected by the camber. 

Ames Aeronautical Laboratory 
National Advisory Committee f o r  Aeronautics 

Moffett Field, Calif.,  Jan. 10, 1957 
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TABU I.- TfiICKNESS DISTRIBUTION OF WINGS 
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TABLE 11.- AERODYNAMIC C O E F F I C I E N T S  FOR MODEL HAVING A TRIANGULAR WING f 

OF ASPECT RATIO 2.2, 3.9 PERCESTT THICK; R = 3 . 0 ~ 1 0 ~  
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(d)  Wing cmbered over outboard 15 percent of local semispan, 

C ~ d  
= 0.10 at M = 1.0 
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TAB- 11.- AERODYNAMIC COEFFICIELWS FOR MODEL HAVING A TRIANGULAR WING 4 

OF ASPECT RATIO 2.2, 3.9 PERCEsrr THICK; R = 3 . 0 ~ 1 0 ~  - Continued 
( e )  Wing cambered over outboard 15 percent of l o c a l  semispan, 

* 

C ~ d  
= 0.20 at M = 1 .0  



a. a m .  . . . a. a. . 0.. . .a. a. . 0 .  a. m e  
NACA RM A57A10 . . 0.  . a. . e. . . . . . . . . l 19 
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( f )  Wing cambered over outboard 15 percent of loca l  semispan, 

C = 0.30 at M = 1.0 
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Figure 1.- Ordinates of the cambered surfaces. 
(U 
t-' 



Figure 2.- Model mounted in t h e  6- by 6-foot wind 
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Figure 3. -  Dimensional sketch of model, 



(a) Cambered over 10 percent of local semispan. 

F i v e  4.- Effect of conical camber on the variation of drag coefficient with lift coefficient. 



(b) Cambered over 15 percent of local semispan. 

Figure 4.- Concluded. 



(a) Cambered over 10 percent of local semispan. 
ij, 

Figure 5.- Effect of conical camber on the variation of drag coefficient with Mach number for 2 
several lift coefficients. I-' 

0 



(b) Cambered over 15 percent of local semispan. 

Figure 5.- Concluded. 
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(a) Cambered over 10 percent of the local semispan. 

Figure 6.- Variation of incremental drag coefficient due to camber with 
design lift coefficient for several lift coefficients. 
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(b) Cambered over 15 percent of the local semispan. 



(a) Cambered over 10 percent of the local semispan. 
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Figure 7.- Effect of conical camber on the variation of lift-drag ratio with lift coefficient. E 
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(b) Cambered over 15 percent of the l oca l  semispan. 

Figure 7.- Concluded. 
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Cambered wing, CLd= 0.20 
Theoretical, full suction 

............... Theoretical, no suction 

( a )  Cambered over 10 percent of l o c a l  semispan. 

(b)  Cambered over 15 percent of l o c a l  semispan. 

Figure 8.- Effect  of conical  camber on t h e  var ia t ion  of maximum l i f t -  
drag r a t i o  with Mach number. 
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( a )  Cambered over 10 percent of loca l  semispan. 

.5 
Plane wing 

------- Cambered wing, CLd= 0.0 
Cambered wing, CLd= 0.20 

-4 Cambered wing, CLd= a30 

C~ opt 

(b) Cambered over 15 percent of loca l  semispan. 

Figure 9.- Effect of conical camber on the variat ion of optimum l i f t  
coefficient with Mach number. 
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Cambered wing, CL, = 0.10 

o Cambered wing, CL, = 0.20 
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( a )  Cambered over 10 percent of l oca l  semispan. * 
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Figure 10.- Effect  of conical  camber on t he  var ia t ion  of l i f t  coeff ic ient  with angle of a t t ack .  
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o Cam bered wing, CLd = 0.20 
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(b)  Cambered over 15 percent of local semispan. 

Figure 10.- Concluded. 
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o Cambered wing, CL, = 0.20 
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(a) Cambered over 10 percent of local semispan. u * 
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Figure 11.- Effect of conical camber on the variation of pitching moment with lift coefficient. E o 



(b) Cambered over 15 percent of local semispan. 

Figure 11.- Concluded. 




