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RESEARCH MEMORANDUM 

TEE EFFECTS OF MACH NUMBER AND REYNOLDS NUMBER ON THE 

AERODYNAMIC CHARACTERISTICS OF SEVERAL l2-PERCEN'Il-THICK 

WINGS HAVING 350 OF SWEEPBACK AND 

VARIOUS AMOUNTS OF CAMBER 

By Bruce E. Tinling and W. Richard Kolk 

SUMMARY 

A comparison of the lift, drag, and pitching-moment characteristics 
of several wings having 350 of sweepback and various amounts of camber 
has been made from the results of wind-tunnel tests. Six semispan model 
wings were tested: three having an aspect ratio of 10, and three having 
an aspect ratio of 5. The streamwise sections for the three wings of 
each aspect ratio were the NACA 651A012, the NACA 641A312, and the 
NACA 64}A612. The Reynolds number was varied from 2,000,000 to 
10,000,000 at a Mach number of 0.25, and the Mach number was varied from 
0.25 to 0.92 at a Reynolds number of 2,000,000. 

The effects of Reynolds number on the low-speed aerodynamic charac
teristics were large and were believed to be associated with a reduction 
of lift on the outer portions of the wing as the Reynolds number was 
reduced. At low lift coefficients, the effects of increasing the Mach 
number, up to the Mach number for drag divergence, were to increase the 
lift-curve slopes of all six wings and to increase the static longitudi
nal stability of the wings having an aspect ratio of 10. The static 
longitudinal stability of the wings having an aspect ratio of 5 remained 
nearly constant within the same range of Mach numbers. As the Mach num
ber for drag divergence was exceeded, the lift-curve slope decreased and 
a large reduction in static longitudinal stability occurred. 

The effects of camber on the maximum lift coefficient, the angle of 
attack for zero lift, and the pitching-moment coefficient for zero lift 
were as would be anticipated from the section aerodynamic characteris
tics. Low-speed results at a Reynolds number of 10,000,000 indicated 
that camber increased the lift-drag ratio of the wings having an 
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aspect ratio of 10, but no similar increase was noted for the wings 
having an aspect ratio of 5. 

At high subsonic speeds and a Reynolds number of 2,000,000, camber, 
in general, reduced the Mach number for drag divergence. At Mach numbers 
less than that for drag divergence, camber caused considerable improve
ment in the lift-drag ratio and the pitchi~oment characteristics. On 
the basis of the effects of Reynolds number indicated by the low-speed 
data, there is doubt that these improvements due to camber would be 
entirely realized at Reynolds numbers greater than 2,000,000. 

1NTRODUCTION 

The effectiveness of wing sweep in delaying the detrimental effects 
of compressibility to higher Mach numbers is well known. One of the 
principal difficulties encountered in the use of swept-back wings of 
high aspect ratio is the low lift coefficient at which large changes of 
static longitudinal stability occur. Since this effect is attributed to 
stalling of the outer portions of the Wing, it follows that increase in 
the lift coefficient at which large changes of static longitudinal sta
bility occur might be realized by increasing the maximum lift coefficient 
of the wing sections. The use of camber is a familiar means of increas
ing the maximum lift coefficient as well as the lift-drag ratio of 
unswept wings. Research on the effects of camber and twist on the aero
dynamic characteristics of swept-back wings has been reported in ref
erences 1 and 2. The present investigation was initiated to evaluate 
the effects of camber alone and also the effects of dynamic scale and 
compressibility on the aerodynamic characteristics of several wings 
having 350 of sweepback. 

Six semispan model wings were tested: Three representing wings hav
ing an aspect ratio of 10, and three representing wings having an aspect 
ratio of 5. The streamwise sections of the three wings of each aspect 
ratio were the NACA 651A012, the NACA 641A312, and the NACA 641A612. 
According to simple sweep theory, the aerodynamic characteristics of 
sections perpendicular to the quarter-chord line determine the aerody
namic characteristics of a swept-back wing. The sections perpendicular 
to the quarter-chord line of the wings investigated were approximately 
14 percent thick and had design lift coefficients of about 0, 0.37, and 
0.73. Results of tests of airfoil sections reported in reference 3 have 
indicated that the addition of camber increases the maximum lift coef
ficient for airfoil sections having thickness-chord ratios of less t han 
12 percent, but that the effectiveness of camber in increaSing the maxi
mum lift coefficient diminishes as the thickness is increased beyond 12 
or 15 percent. For the 14-percent-thick wings tested in the present 
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investigB.tion, the increase in the maximum lift coefficiel ... t resulting 
from camber and hence the increase in the lift coefficient at which 
longitudinal instability occurs should be significant but may not be 
expected to be as great as that which would be anticipated for thinner 
wings. 

3 

The tests were conducted over a range of Mach numbers from 0.25 to 
0.92 at a Reynolds number of 2,000,000 and over a range of Reynolds num
bers from 2,000,000 to 10,000,000 at a Mach number of 0.25. 

NOTATION 

( ~sag ) Cn drag coefficient ':1. 

C 
DOmin 

C
IDa 
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M 

R 
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LID 

minimum profile-drag coefficient assuming elliptical span load 

CL
2 

distribution, minimum value of CD - nA 

(
lift) lift coefficient -qs-

pitching-moment coefficient about axis passing through the quar-

chord ( pi tCh~sngcmoment ) ter point of the mean aerodynamic ':1. 

pitching-moment coefficient at zero lift 

aspect ratio ( ~2 ) 

Mach number (~) 
(pvc) Reynolds number ~ 

semispan wing area, square feet 

airspeed, feet per second 

lift-drag ratio (lift ) 
drag 
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a speed of sound, feet per second 

b span of complete wing measured perpendicular to the plane of 
symmetry, feet 

c chord, measured parallel to the plane of symmetry, feet 

mean aerodynamic chord 
~b/2 0 2 d~ 

- , feet tl20 iJ;[) 
q dynamic pressure, pounds per square foot 

y lateral distance from plane of symmetry, feet 

a angle of attack, degrees 

ao angle of attack for zero lift, degrees 

p density of air, slugs per cUbic foot 

~ absolute viscosity, slugs per foot second 

MODEIB 

The six semispan models tested in this investigation were furnished 
by the Lockheed Aircraft Corporation. Three of' the models represented 
wings having an aspect ratio of 10 and a taper ratio of 0.5; and. the 
other three represented wings having an aspect ratio of 5 and a taper 
ratio of approximately 0.7. Each model had 3r:f of sweepback of the 
quarter-chord line. The dirensions of the models are shown in figure 1. 

The thickness distribution of the sections of each model was the 
same from root to tip and there was no twist. The wing sections in 
planes parallel to the plane of symmetry were the NACA 65lA012, the 
NACA 64lA3l2, and the MCA 64l A6l2. The wings with these sections will 
be referred to in this report as the uncambered, moderately cambered, and 
highly cambered -wings, respectively. The mean line of the cambered air
foil sections was the NACA a=o.8 (modified). (See reference 4.) Accord
ing to simple sweep theory, the aerodynamic characteristics of the wing 
sections perpendicular to the quarter-chord line determine the aerody
namic characteristics of a swept-4:lack wing. The sections perpendicular 
to the quarter-chord line of the model wings were about 14 percent thick 
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and had design lift coefficients of about 0, 0.37, and 0.73 for the 
uncambered, moderately cambered, and highly cambered wings, respectively. 
The coordinates of the streamwise sections are tabulated in table I. 

The tip of each wing was formed by a half body having a radius equal 
to the corresponding half thickness of the wing section. 

The models were constructed of steel. The outer portions of the 
model wings having an aspect ratio of 10 were removed and replaced with 
tip fairings to form the wings having an aspe.ct ratio of 5. 

The horizontal turntable upon which the models were mounted in the 
wind tunnel is directly connected to the balance system. The models 
were mounted with the root chord in the plane of the turntable as shown 
in figure 2. The juncture between the models and the turntable was 
sealed. 

TESTS 

Two series of tests were conducted: one to evaluate the effects of 
Reynolds number at a low Mach number, and one to evaluate the effects of 
compressibility at a constant Reynolds number. The tests to evaluate 
the effects of Reynolds number were conducted at Reynolds numbers from 
2,000,000 to 10,000,000 at a Mach number of 0.25. The tests to evaluate 
the effects of compressibility were conducted at Mach numbers from 0.25 
to 0.92 at a Reynolds number of 2,000,000. Lift, drag, and pitching 
moment were measured over a range of angle of attack sufficient to 
obtain lift coefficients from less than zero to that for the stall, 
except where the range was limited by wind-tunnel power or by the capac
ity of the force balance. 

The dynamic pressure of the tests varied from approximately 90 to 
360 pounds per square foot between the Mach numbers of 0.25 and 0.92 at 
a Reynolds number of 2,000,000, and from approximately 90 to 500 pounds 
per square foot between the Reynolds numbers of 2,000,000 and 10,000,000 
at a Mach number of 0.25. Because of this variation of dynamic pressure, 
a test was conducted to evaluate the effects of distortion of the model 
wings under load. This was accomplished by obtaining data at a Reynolds 
number of 6,000,000 at dynamic pressures of 160 and 310 pounds per square 
foot which correspond, under the test conditions, to Mach numbers of 0.14 
and 0.25, respectively. 
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CORRECTIONS TO DATA 

The data have been corrected for the effects of tunnel-wall inter
ference, including constriction due to the tunnel walls, and approxi
mately for model-support tare forces. 

Corrections to the data for the effects of tunnel-wall interference 
originating from lift on the model have been evaluated by the method of 
reference 5 using the theoretical span loading for incompressible flow 
calculated by the method of reference 6. The corrections added to the 
drag and to the angle of attack were: 

For model wings having an aspect ratio of 10: 

1:::a = 0.295 CL 

llCD= 0.00472 CL 
2 

For model wings having an aspect ratio of 5: 

1:::a = 0.263 CL 

6CD = 0.00417 CL
2 

Constriction effects due to the presence of the tunnel walls were 
computed by the method of reference 7. These corrections have not been 
modified to allow for the effect of sweep. The magnitude of the correc
tions to the Mach nUlllber and to the dynamic pressure is shown in the 
following table: 

Uncorrected 9. corrected 
Corrected Mach NUlllber g uncorrected 

Mach nUlllber 
A=lO A=5 A=lO A=5 

0.700 0.699 0.700 1.002 1.001 
.750 .749 .749 1.002 1.001 
.800 .798 .799 1.003 1.002 
.825 .823 .824 1.003 1.002 
.850 .848 .849 1.003 1.002 
.875 .872 .873 1.004 1.003 
.900 .895 .897 1.005 1.004 
.920 .913 .915 1.007 1.005 
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A correction to the drag data was made to allow for forces on the 
exposed surface of the turntable. This correction was determined from 
tests with the model removed from the turntable. The following correc
tions were subtracted from the measured drag coefficients: 

X 10-6 
CDTare 

R M 
A=lO A=5 

10 0.25 0.0044 0.0066 
6 .25 .0045 .0067 
4 .25 .0046 .0069 
2 .25 .0050 .0076 
2 .40 .0053 .0080 
2 .60 .0056 .0085 
2 .70 .0058 .0089 
2 .75 .0060 .0091 
2 .80 .0062 .0094 
2 .825 .0063 .0096 
2 .85 .0064 .0097 
2 .875 .0066 .0100 
2 ·90 .0067 .0102 
2 ·92 .0068 .0103 

No attempt was made to evaluate tares due to interference between 
the model and the turntable or to compensate for the tunnel-floor bound
ary layer which, at the turntable, had a displacement thickness of one
half inch. 

RESULTS AND DISCUSSION 

Model Distortion Under Aerodynamic Loads 

The results of the tests to determine the effect of changes of the 
dynamic pressure on the aerodynamic characteristics due to bending and 
twisting of the uncambered model wing having an aspect ratio of 10 are 
presented in figure 3. Any sizable difference in the amount of bending 
and twisting of the model wing occurring between dynamic pressures of 
160 and 310 pounds per square foot would cause a difference in the 
slopes of the lift and of the pitching-moment curves. Since the slopes 
of the curves presented in figure 3 are very nearly the same for both 
dynamic pressures, except near the maximum lift coefficient, it may be 
concluded that the effects of model distortion were negligible. The 
increase of maximum lift coefficient at a Mach number of 0.14 (q,160) 
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over that at a Mach number of 0.25 (q,310) is consistent with the effects 
of Mach number on the maximum lift coefficient reported in reference 8. 

Effects of Reynolds Number 

The results of tests conducted to evaluate the effects of Reynolds 
number at a Mach number of 0.25 are presented in figure 4. These results 
show that the aerodynamic characteristics in the upper lift-coefficient 
range were sensitive to changes in the Reynolds number. In this upper 
lift-coefficient range a large reduction of static longitudinal stabili~ 
occurred. This reduction, which may be correlated with a decrease in 
lift-curve slope, is believed to have been caused by a decrease of the 
lift-curve slopes of the outer sections of the wings. Increasing the 
Reynolds number mitigate~ this reduction in static longitudinal stability 
and increased the lift-curve slopes of the wings at the higher lift coef
ficients. Increasing the Reynolds number also caused a large increase in 
the maximum lift coefficient for all six wings. 

An increase in the Reynolds number resulted in a slightly less nega
tive angle of attack for zero lift for the cambered wings. In general, 
the effects of Reynolds number on the pitching-moment coefficient near 
the design lift coefficient of each wing (approximately equal to the 
streamwise section design lift coefficient multiplied by the cosine of 
350

) were small. The change in the pitching-moment coefficient for zero 
lift with increasing Reynolds number for the uncambered wing which had 
an aspect ratio of 10 (fig. 4(a)) is not clearly understood. This c~, 
however, in the pitching-moment coefficient for zero lift is believed to 
have been caused by a dif~erence between the effects of Reynolds number 
on the chordwise extent of the laminar boundary layer on the upper and 
lower surfaces of the wing. 

Lift-drag ratios computed from the data of figure 4 are presented in 
figure 5. An increase of the Reynolds number from 2,000,000 to 10,000,000 
increased the lift-drag ratio at high lift coefficients for all six wings 
and decreased the maximum lift-drag ratio of all but the aspect-ratio-10 
highly cambered wing. 

A discontinuity occurred in the lift, drag, and pitching-moment 
data for the uncambered wings at a lift coefficient of approximately 0.2 
at ~ Reynolds number of 2,000,000. (See figs. 4(a) and 4(d).) This dis
continuity is associated with termination of the low-drag range of the 
airfoil sections rather than any three-dimensional effect. The varia
tions of profile-drag coefficient (assuming elliptical span load distri
bution) and the pitching-moment coefficient are presented as functions 
of lift coefficient in figure 6. From these data it may be seen that 



2 NACA RM A50K27 

the discontinuity in the pitching-moment data occurred at the same lift 
coefficient as the increase in drag corresponding to the termination of 
the low-drag range. Increasing the Reynolds number from 2,000,000 to 
10,000,000 reduced the positive lift coefficient at which the low-drag 
range was terminated from approximately 0.2 to 0.1. 

Effects of Mach Number 

9 

The data obtained from tests at a Reynolds number of 2,000,000 for 
a range of Mach numbers from 0.25 to 0.92 are presented in figures 7 
through 12. The lift coefficient at which an abrupt decrease in static 
longitudinal stability occurred, which can be correlated with a decrease 
in the lift-curve slope, increased with increasing Mach number up to the 
Mach number where there occurred nearly simultaneously a decrease of 
lift-curve slope, a decrease of stability, and a drag rise. This Mach 
number will be referred to in this report as the force-divergence Mach 
number. 

The data in figure 13 show the effect of Mach number on the 
pitchiD.g-1llOment-curve slope dcm/deL, the lift-curve slope dcL/da, 
and the drag coefficients for the six wings at lift coefficients near 
their respective design values. These data show that the lift-curve 
slope of each wing increased with Mach number up to the force-divergence 
Mach number. For this same Mach number range, the wings which had an 
aspect ratio of 5 were approximately neutrally stable about the quarter 
point of the mean aerodynamic chord. The slopes of the pitching-moment 
curves dcm/dcL of the wings which had an aspect ratio of 10 were apprax:
imately -0.06 at a Mach number of 0.25 and, in general, became more neg
ative, indicating increasing static longitudinal stability, as the Mach 
number for force-divergence was approached. For the wings of both aspect 
ratios, serious static longitudinal instability resulted when the Mach 
number for force divergence was exceeded. 

Effects of Camber 

Discussion of the effects of camber is complicated by the differ
ences in the thickness distributions between the cambered and the uncrun
bered wings, the streamwise thickness distribution of the cambered wings 
being the NACA 641A012 and that of the uncambered wings being the 
NACA 651A012. An estimate of the probable difference in the maximum 
lift coefficient between swept-back wings having NACA 641A012 and 
NACA 65 lAO 12 sections has been made through the use of simple sweep 
theory. According to simple sweep theory, the differences in the maxi
mum lift coefficients of the sections perpendicular to the quarter-chord 
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line must be found in order to evaluate the difference in the maximum 
lift coefficients of wings having different streamwise sections. The 
thickness of the airfoil sections perpendicular to the ~uarter-chord 
line of the subject wings was approximately 14 percent of the chord. 
Data presented in reference 3 show that at a Reynolds number of 6,000,000 
(e~uivalent Reynolds number of about 9,000,000 based on the swept wing of 
this investigation), the section maximum lift coefficient of the uncaro
bered 14-percent thick 64-eeries airfoil section is approximately 4 per
cent greater than that for the uncambered 14-percent-thick 65-series air
foil section. This same percentage increase in the maximum lift coeffi
cient may also be expected to exist between the NACA 65A- and 64A-series 
sections according to results presented in reference 4. The effect of 
variations in the section-thickness distributions on the data obtained 
at high Mach numbers is believed to be small in view of the results of 
the investigation reporteQ in reference 9 which indicate that the lift
and drag-divergence Mach numbers for the 12-percent-thick 65-eeries and 
64-eeries airfoil sections are nearly the same over a wide range of lift 
coefficients. 

rt must be noted that the results of tests of airfoil sections 
reported in reference 3 have indicated that the addition of camber 
incr8ases the maximum lift coefficient for airfoil sections having 
thickness-chord ratios of less than 12 percent, but that the effective
ness of camber in increasing the maximum lift coefficient diminishes as 
the thickness ratio is increased beyond 12 or 15 percent. Since the 
sections perpendicular to the ~uarter-chord line of the wings tested in 
this investigation were about 14 percent thick the increase due to cam
ber in the maximum lift coefficient and hence the lift coefficient at 
which a change in st.atic longitudinal stability occurs would not be 
expected to be as great as that for thinner wings. 

The lift, drag, and pitching-moment characteristics of the wings 
with various amounts of camber are presented in figure 14 for a Mach 
number of 0.25 and a Reynolds number of 10,000,000. The values of perti
nent aerodynamic parameters taken from the data of figure 14 are pre
sented in the following tables: 

J 
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ASPECT RATIO 10 
Airfoil section 

Parameter NACA NACA 641A312 NACA 
65 lAO 12 641A612 

Design CL 0 0.25 0.50 

(deL/Oct) des ign CL 
.075 .075 .075 

lCLma,x .97 1.24 1.32 

Cto 0 -2.2° -4.4° 
( ()cm/deL) de s ign CL -.071 -.046 -.100 

Cmo -.006 -.048 -.090 

CD
Omin 

.0052 .0060 .0064 

(L/D)max 32.5 34.0 35.0 

CL for (LID)max .38 .40 .49 

~At R, 6,000,000 (fig. 4.) 

ASPECT RATIO 5 
Airfoil section 

, 

Parameter NACA NACA 641 A312 NACA 
65 lAO 12 641A612 

DeSign CL 0 0.25 0.50 

(deL/Oct) de s ign CL 
.063 .064 .064 

CLmax 1.00 1.32 1.44 

0.0 0 -2.2 -4.4 

(dem/dcL)design ~ .002 .006 -.016 

Cm .002 
0 

-.046 -.091 

CD .0053 .0066 .0073 
o.rrun 

(L/D)max 22.5 22.5 21.5 

CL for (LID)max .29 .29 .32 

The principal effects of increasing camber, as would be anticipated 
from airfoil-section aerodynamic characteristics, were an increase in the 
maximum lift coefficient, a decrease in the angle of attack for zero lift, 
and an increase in the negative value of the pitching-moment coefficient 
at zero lift. 
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Camber improved the maximum lift-drag ratio of the wings which had 
an aspect ratio of 10, the maximum lift-drag ratio of the highly cam
bered wing being roughly 10 percent greater than that for the uncambered 
wing. (See fig. 15.) However, no improvement was observed in the maxi
mum lift-drag ratio of the wings having an aspect ratio of 5. The lift
drag ratio at high values of lift coefficient for the wings of both 
aspect ratios was improved by camber because of the higher maximum lift 
coefficient of the cambered wings. 

Comparison of the pitching-moment data of figure 14 for the wings 
having an aspect ratio of 10 indicates that a moderate amount of camber 
lessened the changes in static longitudinal stability at lift coeffi
cients greater than 0.6. This was the only instance for which the 
static longitudinal stability was improved in the upper-lift-coefficient 
range by camber at a Mach number of 0.25 and a Reynolds number of 
10,000,000. The instability of the uncambered wings in the upper-lift
coefficient range was not accompanied by a large drag rise and is 
therefore believed to have been due to trailing-edge separation. 
Furthermore, measurements of surface static pressures on the uncambered 
wing of aspect ratio 5 at a Reynolds number of 10,000,000 and a Mach 
number of 0.25 showed that initial flow separation on this wing was in 
the region of the trailing edge. From consideration of two-dimensional 
section characteristics, camber could be expected only to aggravate the 
trailing-edge separation. This possibly accounts for the lack of any 
consistent significant improvement due to camber in static longitudinal 
stability in the upper-lift-coefficient range. 

Comparison of the data for the three wings of each aspect ratio 
obtained at a Reynolds number of 2,000,000 indicates that, at this low 
Reynolds number, camber caused marked improvement in the aerodynamic 
characteristics at high lift coefficients. Such a comparison may be 
made from data presented in figure 16 which were obtained at a Mach 
number of 0.25. Inspection of these data reveals that, in addition to 
improving the maximum lift coefficient, camber caused increases in the 
lift coefficient at which static longitudinal instability occurred and 
reduced the drag coefficient at large values of lift coefficient. 

Comparison of the data of figures 7 through 12, which are for Mach 
numbers from 0.25 to 0.92 and a Reynolds number of 2,000,000, indicates 
that the improvements due to camber in the maximum lift coefficient and 
in the lift coefficient at which static longitudinal instability 
occurred were maintained at Mach numbers up to theforce-divergence Mach 
number. In addition, the lift data show that the angle of attack far 
zero lift of the cambered wings became less negative as the Mach number 
was increased beyond 0.80. 

The pitching-moment coefficients for given values of lift coef
ficient are presented as functions of Mach number in figure 17. These 
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data show that the pitching-moment coefficients of the cambered wings 
became more negative with increasing Mach numb~r up to the force
di vergence Mach number where an abrupt positive increase in the pitching
moment coefficients occurred. 

The drag coefficients of the six wings for several lift coeffi cients 
are presented in figure 18 as functions of Mach number. The Mach numbers 
for drag divergence, specifically defined as the Mach numbers at which 
den 
OM = 0.1 from figure 18, ~re presented in the following table: 

A = 10 A = 5 

Or. 
I I 

NACA I NACA NACA NACA NACA : NACA 
651 A012 1 6~ A312 641A612 651A012 6~A312 6~A612 

1 

0 0.89 I 0.88 --- 0.88 0.87 ---
.2 .87 I .85 0.82 .85 .84 0.82 
.4 .84 i .82 .80 .82 .79 I . 78 
.6 I 

·75 .75 .76 . 74 --- I --- I .8 --- I .73 ·71 --- ·75 . 72 , 

As would be anticipated from the results of tests of 64-aeries airfoil 
sections reported in reference 10, the drag-divergence Mach number was, 
in general, reduced by camber. At Mach numbers less than that for drag 
di vergence, the effect of camber was to reduce the drag for values of 
11ft coefficient greater than 0.2. At a lift coefficient of 0.6, the 
drag of the uncambered wings was large and erratic due to the proximity 
of this lift coefficient to the maximum lift coefficient for these wings. 
For the same reason, the drag of the moderately cambered wings was much 
greater than that of the highly cambered Wings for a lift coefficient of 
0.8. 

The variation of lift-drag ratio with lift coefficient is shown 
in figures 19 and 20. At Mach numbers less than 0.80, the maximum lift
drag ratio of the moderately cambered wing which had an aspect ratio of 
10 was considerably greater than that of the uncambered wing. The maxi
mum lift-drag ratio of the highly cambered wing which had an aspect 
ratio of 10, however, was only slightly greater than that for the uncam
bered wing at Mach numbers less than 0.70. The improvement due to cam
ber in the maximum lift-drag ratio of the wings which had an aspect 
ratio of 5 was less than that for the wings which had an aspect rat i o of 
10. In fact, no improvement due to camber for the wings having an aspect 
ratio of 5 was realized at Mach numbers greater than 0.60. 
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Camber caused large increases in the lift-drag ratio in the upper
lift~coefficient range. This was true for the wings of both aspect 
ratios provided the Mach number for drag divergence was not exceeded, a 
result which would be anticipated from the results of tests of 64-series 
airfoil sections reported in reference 10. 

It is emphasized, however, that the effects of Reynolds number must 
be considered in any attempt to assess the benefits derived from the use 
of camber on these wings at the higher Mach numbers. The effects of cam
ber on the static longitudinal stability and on the lift-drag ratio 
varied with the test Reynolds number. This variation may be seen by 
comparing figures 14 and 15 (Reynolds number, 10,000,000) with figures 
16,19, and 20 (Reynolds number, 2,000,000). These data show that the 
improvement in the lift-drag ratio and in the pitching-moment character
istics due to camber were, in general, much smaller at a Reynolds number 
of 10,000,000. Therefore, there is considerable doubt that the improve
ments due to camber for lift coefficients less than the maximum of the 
uncambered wings, indicated to exist at Mach numbers greater than 0.25 
at a Reynolds number of 2,000,000, can be entirely realized at full
scale Reynolds numbers. 

CONCLUSIONS 

Six semispan model wings were tested: three having an aspect ratio 
of 10, and three having an aspect ratio of 5. The streamwise airfoil 
sections for the three wings of each aspect ratio were the NACA 651A012, 
the NACA 641A312, and the NACA 641A612. Results of this investigation 
indicated the following: 

1. The effects on the aerodynamic characteristics of an increase 
in Reynolds number from 2,000,000 to 10,000,000 at a Mach number of 0.25 
were large. 

2. For the wings having an aspect ratio of 10, at a Reynolds num
ber of 10,000,000 and a Mach number of 0.25, the maximum lift-drag ratio 
was improved by camber. No similar inrprovements were found for the wings 
having an aspect ratio of 5. 

3. The effects of camber on the maximum lift coefficient, the angle 
of attack for zero lift, the pitching-moment coefficient for zero lift, 
and the Mach number for drag divergence of these wings were consistent 
with those which would be anticipated from section aerodynamic character
istics. 
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4. An abrupt decrease of the lift-curve slope, which was accom
panied by a large reduction in static longitudinal stability, occurred 
nearly simultaneously with drag divergence for all six wings. 

15 

5. At Mach numbers less than that for drag divergence and at a 
Reynolds number of 2,000,000, camber increased the lift-drag ratio and 
the lift coefficient at which a decrease of static longitudinal stabil
ity occurred. If the effects of Reynolds number indicated by the low
speed test results prevail, however, these improvements at the higher 
Mach numbers would not be entirely realized at Reynolds numbers greater 
than 2,000,000. 

Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Moffett Field, California. 
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(a) NACA 651A012 

Upper and lower 
surfaces 

Station Ordinate 

0 0 
.5 ·913 
.75 1.106 

1.25 1.414 
2.5 1.942 
5 .0 2.614 
7.5 3.176 

10 3.647 
15 4.392 
20 4.956 
25 5.383 
30 5.693 
35 5.897 
40 5.995 
45 5.977 
50 5.828 
55 5.544 
60 5.143 
65 4.654 
70 4.091 
75 3.467 
80 2.798 
85 2.106 
90 1.413 
95 .719 

100 .025 
L. E. radius: 

0.922-percent c 

T. E. radius: 
O.029-percent c 

TABLE I.- STREAMWISE AIRFOIL COORDINATES 

[All dimensions given in percent chord] 

(b) NACA 641A312, a=0.8 (modified) 
mean line 

Upper surface Lower surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.364 1.036 .636 .867 
.598 1.267 .902 1.029 

1.078 1.635 1.422 1.273 
2.299 2.324 2.701 1.691 
4. 774 3.320 5.226 2.238 
7. 265 4.085 7.735 2.626 
9.763 4.726 10.237 2.937 

14. 773 5.745 15.227 3.403 
19.793 6.523 20.207 3. 732 
24 .820 7.108 25 .180 3.954 
29 .850 7.530 30.150 4.084 
34 .883 7.800 35 .116 4.128 
39 .919 7·911 40.081 4.074 
44. 955 7.834 45.045 3.892 
49.990 7.600 50.010 3.610 
55.022 7.233 54 .978 3.255 
60 .051 b.753 59.949 2.848 
65 .076 6.171 64 .924 2.406 
70.096 5.494 69 .904 1.946 
75.113 4.736 74.887 1.496 
80.135 3.898 79.865 1.094 
85 .135 2.959 84 .868 .795 
90.093 1.995 89 .907 .524 
95 .047 1.010 94 .953 .274 

100 .025 100 .025 

L. E . radius: 0.994-percent c 

T. E. radius: 0.028-percent c 

(c) NACA 641A612, a=0.8 (modified) 
mean line 

Upper surface Lower surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.236 1.093 .764 ·755 .454 1. 358 1.046 .882 
·912 1.786 1.588 1.062 

2.103 2.612 2.897 1.346 
4. 552 3.834 5.448 1.670 
7.033 4.790 7.967 1.872 
9.529 5.599 10.471 2.021 

14.547 6.900 15 .453 2.216 
19.587 7.906 20.413 2.324 
24. 640 8.676 25.360 2.368 
29 .701 9.246 30.299 2.356 
34 .768 9.632 35 . 232 2:288 
39 .838 9.827 40.162 2.155 
44.910 9.805 45.090 1.919 
49.980 9.596 50 .020 1.614 
55 .044 9.223 54 .956 1.265 60.102 8.705 59.898 .895 
65.151 8.050 64.849 .522 
70.192 7.264 69.808 .168 
75 .225 6.351 74 .T75 -.131 
80 .269 5·290 79.731 -. 318 
85.262 4.028 84 .738 -·300 90 .184 2.721 89.816 -.221 
95.094 1.373 94.906 -.099 100 .025 100 -.025 
L. E. radius: o . 994-percent c 

T. E. radius: o .028-percent c 
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Dimensions shown in inches 

unless otherwise noted. 

Aspect ratio 
Toper ratio 
Area 
C 

10.07 
0.500 
5.130 fl2 

1.050ft 

60.99 

27.10 

Aspect ratio 
Toper ratio 
Area 
C 

5.14 
0.713 
3.389 fl2 

/.166 fI 

35.43 

16.60 

~ 
Coordinates of the airfoil sections are tabulated in table I. 

FIgure I.-Plan forms of the semispan models. 
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Figure 2.- Semispan model wing of aspect ratio 10 mounted in the Ames 
l2-foot pressure wind tunnel • 
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