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SUMMARY

An investigation to determine the effects of camber on the aerody-
namic characteristics of a series of rectangular wings having various
aspect ratios and thickness=-to-chord ratios was conducted in the Ames
16~foot high-speed wind tunnel, utilizing the transonic-bump method.
The Mach number range of the investigation was from 0.6 to 1.12, with
a corresponding Reynolds number range of 1.7 to 2.2 million. The 1lift,
drag, and pitching-moment data are presented for wings having aspect
ratios of 4, 3, 2, 1.5, and 1, and NACA 63A2XX and 63ALXX sections with
thickness-to-chord ratios of 10, 8, 6, 4, and 2 percent.

INTRODUCTION

An investigation was initiated in the Ames 16-foot high-speed wind
tunnel to provide couprehensive data as to the effects of aspect ratio,
thickness, and camber on the aerodynamic characteristics of a series of
rectangular wings throughout the transonic speed range. The first part
of the investigation, which was concerned with the uncambered wings, has
been reported in reference 1.

The purpose of this report is to present the part of the investi-
gation dealing with the wings having sections cambered for design 1lift
coefficients of 0.2 and 0.k4.

Thirty-eight wings with aspect ratios of M, 3, 2, 1.5, and 1 were
investigated. The profiles were NACA 63A2XX and 63ALXX sections having
thickness-to-chord ratios of 10, 8, 6, 4, and 2 percent.

1Supersedes recently declassified NACA RM A52D1l1 by Warren H. Nelson
and Walter J. Krumm, 1952.
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NOTATION

twice semispan drag
aS

twice semispan 1lift
gsS

drag coefficient,

Iifts coefficient,

pitching-moment coefficient, referred to 0.25c,
twice semispan pitching moment
gsSc
sy BE
aspect ratio, 5

lift-drag ratio

average Mach number over the wing

local Mach number

total wing area (twice wing area of semispan model), sq ft
velocity, ft/sec

twice span of semispan model, ft

b/2
Jf cidy
T T A,
b/2
Jf c dy
0

dynamic pressure, %'sz, 1b/sq ft

local wing chord, ft

mean aerodynamic chord, ft

J

thickness=to~-chord ratio

spanwise distance from plane of symmetry, ft
angle of attack, deg

air density, slugs/cu ft

slope of 1lift curve measured at the design 1lift coefficient,
per deg
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APPARATUS AND MODELS

The tests were conducted in the Ames 1l6-foot high-speed wind tunnel,
employing a transonic bump which is described in detail in reference 2.
The aerodynamic forces and moments were measured by means of a strain-
gage balance housed inside the bump.

Photographs illustrating the mounting of the wings on the bump are
shown in figure 1. The principal dimensions and plan forms of the wings
are shown in figure 2. The profiles of the wings were NACA 63A-series
sections with thickness-to-chord ratios of 10, 8, 6, 4, and 2 percent,
cambered for design lift coefficients of 0.2 and 0.4 with a modified
a=0.8 mean line (fig. 3). The modification to the mean line was made
to maintain the straight portions of the NACA 6A-series profiles over
approximately the last 15 percent of the chord. (See reference 3¢

Ten aspect-ratio-l wings of the two profiles and various thicknesses
used were constructed and the aspect ratios of 3, 2, 1.5, and 1 were
obtained by successively cutting off the tips. The aspect ratios and
thickness ratios tested for each profile are shown in the following
table:

Aspect Thickness~-to-chord ratio
A 0.10 0.08 0.06 0.0k 0,02
b s 5% X X <
3 i o b X X - -
= X X X b'e e
1.5 | === ---| x x i
i X x % 5 %

The wings with thickness-to-chord ratios of 0.10, 0.08, and 0.06 were
constructed of aluminum and the wings having thickness~to-chord ratios
of 0.04 and 0.02 were made of steel. The radius tips of the wings were
constructed by using one half of the thickness at each chord station as

the radius.

A fence located three-sixteenth inch from the bump surface was
used to prevent the flow through the gap between the wing and bump
surface from affecting the flow over the wing.
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TESTS AND PROCEDURE

The 1ift, drag, and pitching-moment characteristics of the wings
were determined for a Mach number range from 0.60 to 1.12. The corre-
sponding variation of Reynolds number with Mach number for the tests is
shown in figure 4. 1In general, the angle-of-attack range for these
tests was -6° to stall; however, in some cases the maximum angle was
limited by the bending stress at the wing root. No data were obtained
for the 2-percent-thick wings of aspect ratios 4 and 3 because of
structural weakness and flutter at high subsonic speeds.

The test data have been reduced to standard NACA coefficient form.
A tare correction to the drag of the wings was made to account for the
drag of the fence and support. This drag tare was evaluated by cutting
the wing off flush with the fence and measuring the forces on the fence
and support. Since the measured tare-drag coefficient did not vary
appreciably with changes in Mach number or angle of attack, a constant
value was used throughout to correct the drag data. The magnitude of
the tare-drag coefficient, which depended on the areas of the wings,
was 0,0066 for the aspect-ratio-l wings and 0.0016 for the aspect-ratio-
I wings. The interference effects of the fence on the wings and the
effects of leakage around the fence are unknown.

A Mach number gradient exists in the bump flow field where the
models are mounted. Typical contours of local Mach number in the flow
field are shown in figure 5. Outlines of the wings have been superim-
posed on these dilagrams to indicate the Mach number gradients which
existed across the wings during the tests. No attempt has been made to
evaluate the effects of these gradients. The test Mach numbers presented
in this report are the average Mach numbers over the wings.

RESULTS

The drag data presented herein should be used with caution,
particularly that for the lower Mach numbers or aspect ratios where the
measured forces were small compared to the capacity of the balance.
Other factors which contribute to the uncertainty of the drag data are
the large drag tares (for the lower aspect ratios), and the Mach number
gradients existing throughout the flow field of the bump. However, it
is believed that the trends shown throughout the transonic speed range
are qualitatively correct.

The basic 1lift, drag, and pitching-moment data are presented for the
wings in figures 6 through 1l1. Summary curves as a function of Mach
number are presented for the 1lift and drag in figures 12 through 15. The
lift-curve slopes shown in the summary figures are taken through the
degiegn 1ifit coefficient,
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The lift-drag ratios as a function of 1ift coefficient are shown in
figures 16 and 17. In view of the aforementioned uncertainty in drag,
some of the maximum 1lift-drag values may be in error. This would be true
only at the lower Mach numbers and where the maximum lift-drag ratios
occur at low 1lift coefficients, causing small differences in drag to
greatly affect the maximum lift-drag ratios. At the lower Mach numbers,
however, the lift-drag ratios for 1lift coefficients above that for maximum
lift-drag ratio are probably correct.

The data presented in this report have been analyzed in reference 4,
utilizing the transonic similarity rules.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Apr. 11, 1952
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‘ (a) Aspect-ratio—l wing.

(b) Aspect-ratio—2 wing.

‘ Figure 1l.— Wing mounted on the transonic bump in the Ames 16—foot high—
| gpeed wind tunnel,
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Lift coefficient, G,
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