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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARGH MEMORANDUM

EFFECTS OF REYNOLDS NUMBER AND LEADING-EDGE SHAPE ON
THE LOW-SPEED IONGITUDINAL STABILITY OF A
6-PERCENT-THICK 45° SWEPTBACK WING

By William C. Schneider
SUMMARY

Force-test data showing the effects of changes in leading-edge
radius (nose shape) on the low-speed longitudinal stability of a 6-percent-
thick 45° sweptback wing of aspect ratio 3 are presented for several
ranges of Reynolds number and Mach number. Data are presented for wings
with NACA 0006-(k.76)3, NACA 0006-(6.74)3, and modified NACA 0006-(3.88)3
airfoil sections with leading-edge radil of 0.0025, 0.0050, and 0.0025
of the local wing chord parallel to the plane of symmetry, respectively,

and for Reynolds numbers up to 6.6 X 106 and Mach numbers up to 0.20.
This study is a continuation of the studies published in NACA RM L55F06,
NACA RM L55HOL, and NACA RM L55L30.

The results indicated that, as the airfoil sections were thinned at
the nose, separation effects occurred at lower values of 1ift coefficient.
Increasing the test Reynolds number delayed somewhat the onset of sepa-
ration effects.

INTRCDUCTION

As part of a generalized study of the stalling of sweptback wings,
a systeratic investigation is being conducted to provide data on the
effects of leading-edge radius on the longitudinal stability character-
istics of a series of wings with varying thickness ratio, thickness dis-
tribution, camber, aspect ratio, and sweep angle. (See refs. 1, 2,
and 3.) The present paper reports the results of tests of a U450 sweptback
wing with an aspect ratio of 3, and 6-percent-thick airfoil sections.
The airfoil section was modified systematlcally to study the effects of
leading-edge shape on the static longitudinal stability characteristics.
Tests were conducted at atmospheric pressure.and at 35 pounds per square
inch absolute pressure, which permitted Reynolds number ranges from
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1.3 X lO6 to 4.1 X 106 (Mach number from 0.06 to 0.20) and from
2.3 X 100 to 6.6 x 100 (Mach pumbers from 0.05 to 0.15), respectively.

[el]
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SYMBOLS

1ift coefficient, Lift/qS

inflection 1lift coefficient with stable ehange in pitching

dCpy .
moment, -EEE increasing

inflection 1lift coefflcient with unstable change in pitching

dac
moment, (— d—CE decreas ing)
L

maximum 1ift coefficlent

pitching-moment coefficient ebout 0.25¢, Pitching moment/qSE

wing area, sq ft

b/2
nmean aerodynamic chord, % \jp cgdy, ft
0

local wing chord parsallel to plane of symmétry, ft
spanwise coordinate normal to plane of symmetry, ft
wing span, ft

free-stream dynamic pressure, %pve, 1b/sq ft

density of air, slugs/cu ft
free-stream velocity, ft/sec
Reynolds number

Mach number
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Ac/h sweepback of quarter-chord line, deg

A aspect ratio, b2/S

b4 chordwise coordinate of alrfoll section, ft

Z vertical coordinate of airfoil section, ft
MODEL

The wings tested during this investi%ation had the following geomet-
ric characteristics: aspect ratio, 3; U45° sweepback of the quarter-chord
line; taper ratio of 0.5; and a maximum thickness ratio of 6 percent chord.
(See fig. 1.) Three airfoil sections were tested: NACA 0006-(k4.76)3,
NACA 0006-(6.74)3, and a modified NACA 0006-(3.88)3. (Coordinates for the
three airfoil sections are listed in fig. 2.) The first two sections
were formed by modifying the standard NACA four-digit airfoil by the pro-
cedure outlined in reference 4 in such a manner that the leading-edge
radii were 0.25 percent ¢ and 0.50 percent ¢, respectively. For the
third airfoil, the standard procedure was used to form the NACA 0006-(3.88)3
airfoil section from O.4 percent of the chord aft. The forward O.4 per-
cent was formed by fairing the airfoil with the leading-edge radius of 0.25
percent c, instead of the normal 0.167 percent c for that airfoil.

The resulting airfoil will be designated herein as an NACA 0006-(3.88)3%
modified airfoil section.

Leading-
Wing Ac/lL ﬁiﬁigt Eiﬁig . edge Airfoil section
radius
1 L5 3 0.5 0.0025¢ | NACA 0006-(k4.76)3
2 45 3 0.5 0.0050c | NACA 0006-(6.74)3
3 45 3 0.5 0.0025c | NACA 0006-(3.88)3 (mod.)

TESTS AND CCRRECTIONS

Tests

Tests were conducted at a tunnel pressure of 33 pounds per square
inch absolute for all three wings and at atmospheric pressure for the
wings with NACA 0006~(6.74)3 and NACA 0006-(3.88)3 modified airfoil




by CONNERRNII NACA RM L56B1L

sections. The following Mach number and Reynolds number variations
resulted as the models were tested through a large part of the tunnel
speed range:

Tunnel pressure, Variation of Variation of
1b/sq in. &bs Reynolds number | Mach number
4.7 1.3 x 106 0.06k4
. to to
atmospheric
( P ) 4.1 x 106 0.20
2.3 x 100 0.05
53 to to
6.6 x 100 0.15

The model was supported on the normal two-support system of the
Tangley 19-foot pressure tunnel.

Corrections

The pitching-moment data and values of angle of attack have been
corrected for tunnel-wall effects by the method of reference 5. These
corrections are

Ao = 0.967CT,
ACy = 0.00392CT,

Since primary interest in these data was centered on the variation of
the 1ift and pitching moments rather than on their absolute values, tests
to determine the model-support tare and interference effects were not
conducted. However, the zero-lift pltching-moment coefficilent and the
angle of attack at zero 1ift on a wing with no camber, twist, or dihedral
were taken as an indication of the combined effects of model-support tare
and interference, air-stream mlsalinement, and model asymmetry. These
corrections were assumed to be independent of 1ift coefficient, and the
1ift and pitching-moment curves were shifted by the average value of the
zero-1ift pitching moment and angle of attack as a first-order
approximation.
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RESULTS AND DISCUSSION

The variations of 1ift and pltching-moment coefficlent with angle
of attack are presented in figures 3 to 5 and the variations of pitching-
moment coefficient with 1ift are presented in figures 6 to 8.

The effects of variation in airfoil section on the pitching-moment
characteristics of the wings are shown 1n flgure 9, whereas the effects
of changes in Reynolds number are illustrated in figure 10. Mach number
effects for two of the wings are shown in figure 11. The variations
of C C and C with Reynolds number are shown in
Linfu’ Linfs’ Linax I
figures 12, 13, and 14 for the wings with the various airfoil sections.

The quantities Cg and Cr are used to designate the 1ift
ln.fu inf s

coefficient beyond which there is a marked change in the pitching-moment
characteristics, Cy, denoting an unstable change and Cp
inf, infg

denoting a stable change. 1In flgure 13, two values of CLi £ are shown
Nlg

for the data obtained at 33 pounds per square inch absolute, since the
force data show the pitching moment to have two successive stable shifts.

Changing the nose shape of the 6-percent-thick airfoil had consid-
erable effect on the pitching-moment characteristics of the wings. (See
fig. 9.) As the airfoil sections of the wing were thinned at the nose,
the separation effects occurred at lower values of 1ift coefficient, as
evidenced by the lower values of CLinfu' A comparison of figures 12

and 14 shows that the values of CLi . for the two wings with leading-
Nig

edge radius of 0.0025c are almost identical through the Reynolds number

range. The unstable break CLinf is not similar for the two wings, in
u

that the effect of thinning the section behind the nose was a lessening

of the Reynolds number effects, thereby lowering the value to a marked

degree at the higher Reynolds numbers.

Increasing the Reynolds number at a constant Mach number generally
increased both C and C for the wing with an NACA 0006-(6.Th4)3
Linf Linr
u s
airfoil section. (See fig. 10(a).) For the wing with NACA 0006-(3.88)3
modified airfoil sections, the effect of Reynolds number was somewhat
less marked for the unstable break than for CLinf . (see fig. 10(b).)
S v

The effects of an independent change 1n Mach nurber are shown in
figures 11(a) and 11(b). Little effect is noted for either wing. The
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most slgnificant change at the higher Mach numbers is the elimination of
the slight stable shift in the pitching moment which occurred at low
1ift coefficients for the wing with the larger radius. (See figs 11

and 13.)

The effects of leading-edge radius and Reynolds number on the max-
imum 1ift coefficient can be seen to be small for these wings. (See
figs. 12, 13, and 1k4.)

Langley Aeronautical Iaboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., January 31, 1956.
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NACA 0006- (
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0.0025¢
0.0050¢
0.0025¢
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%

Ordinates of airfolls
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N

NACA airfoll| 0006-(L.87)3 | 0006-(6.744)3 {.0006~(3.88)3 Mod.
L.E, redius 0.0025¢ 0.0050¢ 0.0025¢
x z z z
c C C [4
0 0 0083 0 )
»0125 . .010% <0066
0250 .011 0141 .0100
.0500 +016 +0189 0151
0750 .0203 .0220 .0180
.1000 .0230 #0213 .0220
«1500 .026 0273 0263
.2000 .028 .0289 »0286
«3000 «0300 .0300 +0%00
«14000 0292 .0292 .029
+5000 .0271 ,0271 .0271
6000 0236 «0236 0236
7000 .0191 0191 .0161
+9000 « 007 .007 .007l
1.000 .0006 000 .0006

Figure 2.- Coordinates of airfoil sections.
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(a) Tunnel pressure, 33 pounds per square inch, absolute.

Figure 9.~ Effect of changes in nose shape on pitching-moment character-
istics of a 45° sweptback wing of aspect ratio 3.
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(b) Tunnel pressure, atmospheric.

Figure 9.- Concluded.
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(a) Airfoil section, NACA 0006-(6.74)3; leading-edge radius, 0.0050c.

Figure 10.- Effect of Reynolds number changes on pitching-moment charac-
teristics of a 450 sweptback wing of aspect ratio 3.
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Figure 10.- Concluded.
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(a) Airfoil section, NACA 0006-(6.74)3; leading-edge radius, 0.0050c.

Figure 11.- Effect of Mach number changes on pitching-moment characteris-
tics of a 450 sweptback wing of aspect ratio 3.
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(b) Airfoil section, NACA 0006-(3.88)3 modified; leading-edge
radius, 0.0025c.

Figure 11.- Concluded.
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¢ Tunnel pressure atmosoheric.
O Tunnel pressure 3% pounds per square inch, absolute.

10 -~ . rl:

o]

CLinfu

CLinfs ;/

/ 2 3 4 56 8 10x0°
R

Figure 12.- Variation of inflection 1lift coefficients and maximum 1ift
coefficients with Reynolds number for a 45° sweptback wing of aspect
ratio 3 with NACA OOO6—(1L.76)3 airfoil sections. Leading-edge
radius, 0.0025c.
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'e) Tunnel pressure atmospheric.
O Tunnel pressure 33 pounds per square inch, absolute.
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Figure 13.- Variation of inflection 1lift coefficients and maximum 1ift
coefficients with Reynolds number for a 45° sweptback wing of aspect
ratio 3 with NACA 0006-(6.T4)3 airfoil sections. Leading-edge
radius, 0.0050c.
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O Tunnel pressure atmospheric.
o Tunnel pressure 33 pounds per square inch, absolute.
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Figure 1lk.- Variation of inflection 1ift coefficients and maximum 1ift
coefficients with Reynolds number for a L5° sweptback wing of aspect
ratio 3 with NACA 0006—(3.88)3 modified airfoil sections. Leading-
edge radius, 0.0025c.
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