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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHENICAL NOTE NO. 1473

HIGH -SPRED WIND=-TUNNEL INVESTIGATION OF EIGH LIFT
AND AITERCN=-CONTROL CHARACTERISTICS OF AL
NACA 65-210. SEMISPAN WING

By Jack Fischel and Leslie E. Schneiter
SUMMARY

A high=-speed wind-tunnel investigation was made of the aerodynemic
characteristics at various Mach numbers of an NACA 65-210 semispan
wing variously equipped with a 25-percent=-chord full=-span slotted flap
and a 38=percent-semispan 20-percent=-chord straight-sided aileron.

With the full-span flap retracted at a Mach number of 0.13, a
maximum 1lift coefficient of 0.93 was obtained; and with the flap
deflected 45° , a maximun 1ift coefficient of 1.87 was obtained.

The variation of 1lift with engle of attack CLon increased
from 0.72 at a Mach number of 0.13 to 0.96 at a Mach number of 0.7l.
This increase in CLa with Mach number was consistently greater than

the increase in CLc, computed by existing theory for finite-span wings.

The effectiveness of the alleron, as shown by the variation of
rolling-moment coefficlent with aileron deflection C,y 5.7 decreased
: a,

8lightly with increase in Mach number and Reynolds number.

Alleron yawing moment became more adverse with increasing angle
of attack (or 1ift) but was essentially wnaffected by increasing
Mach number.

The variation of the aileron hinge-moment coefficient with angle
of attack ChOL increased positively from =0.0008 at a Mach number
of 0.27 to 0.0010 at a Mach number of 0.71 3 whereas the variation of
the hinge-moment coefficient with aileron deflection Ch.%L increased

negatively from =0.0052 at a Mach number of 0.27 to =0.0072 at a
Mach number of 0.7l.
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TNTRODUCTION

The necesgity of providing sufficiently high lift for landing
and. teke-off, as well as adequate lateral control throughout the
flight gpsed range for the fast and heavily loaded airplanes currently
in use or in the design stage, has presented a problem to-airplane
desipners. This problem has been accentuated somewhat by the required
use of wings having hiph critical speeds and by the paucity of existing
1ift and lsteral-control data on finite-span wings. In order to assist
in solving thils problem, an investigation was conducted in the
Langley high-gpeed T- by 10-foot tunnel on a thin low-drog semigpan
wing (NACA 65-210) equipped with either a full-gpan slotted flap or
& partial-span aileron. Wing lift, drag, and pitching-moment charac-
teristics were obtained through a speed range to a Mach number of
0.71 with the full-gpan flap retracted and through a speed rangs to
a Mach number of 0.27 with the flap deflected. Tests of a 0,30~
gemigpan 0.20-chord gtreight-gided alleron were made at various speeds
up to a Mach number of 0.T1l.

SYMBOLS

The moments on the wing are presented about the' wind axes. The
X-axig ig in the plane of symmetry of the model and is parallel to
the tunnel air flow. The Z-axig is in the plane of symmetry and is
perpendicular to the X-axis., The Y-axis is mutually peipendicular
to the X- and Z-axes. All three axes intersect at the intersection
of the chord plane and the 35-percent-chord station at the root of
the model. '

The symbols used in the presentation of regults are as follows:

lifft sas Pl ot ent (’l‘wicé 1ift of semispan mode])

L qS
Cs drag coefficient (D/qS)
" pitching-moment coefficient
<Twice pitching moment of semigpan model)
qsc”
c, | rolling-moment. coefficient (L/qSD)
C, yawing-moment coefficient (I1/qSb)
Ch aileron hinge-moment coefficient (Ha/gbézﬁg)
@ local wing chord

&
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wing me:n aerodynamic chord, 2.86 feet (:g.J[b,ecg dy
2 4o
alleron chord measured along wing chord line from hinge axis
of aileron to trailing edge of wing
root-mean-gquare chord of allercn, 0.48 foot
twice span of semispan model, 16 feet
aileron span, 3.04 feet
lateral dictance from plane of symmetry, feet
twice ares of semispsn model, 44 .42 square feet
twice drag of semispan model, pounds

e ll

(\“ ;.4.

g ment due to aileron deflection about X-axis,
b= ounls

'c’

yawing moment due to alleron deflection about Z-axis,
foot —Puur;*s

aileron hinge moment, foot pounds

. )
free-stream dynamic pressure, pounds per squre foot épV“
free-stream velocity, feet per second
mags density of air, slugs per cubic foot

angle oi attack with respect to chord plane at root of model,
degrees

aileron deflection relative to wing chord plane (positive
vhen trailing edge is down), degrees

flep deflection relative to wing chord plzne (positive when
trailing edge is down), degrees

Mach nwber (V/a)
Reynolds number

speed of sound, Teet per second
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The subscripts O, and o indicate the factor held constant. All
slopes were measured in the viciuity of 0° sngle of attack and 0°
aileron deflection.

CORRECTIONS

With the exception cf the ailercn hinge-moment data, all duta
presented are besed on the dimensions of the commlete wing.

The test datz have been corrected for jet-boundary effects
according to the methods outlined in reference 1. Compressibility
effects on these Jjet-boundary corrections have been considered in
correcting the test dataj; blockage corrections were also spplied.

Aileron deflections have been corrected for deflection under

load, and the aileron dataz have been corrected for the small amount
of wing twist (less “than 0.2°) produced by aileron deflection.

MODEL AND APPARATUS

The semispan-wing medel was mounted in inverted position in the
Langley high-speed 7~ by 1l0-foot tumnel with it3s root section adjacent
to one of the vertical walls of the tunnel, the vertical wall thereby >
serving as a reflection plane (figs. 1 end 2). The wing was canti-
lever supported from the balance frame near the wing root section,
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and a gap of approximately 1/16 inch between the tunnel wall and the
root end of the model permitted all forces and momenis acting on the
mcdel to be measured.

The semispan wing model was built to the plan-form dimensions
showm in figure 3 and had an NACA 65-210 airfoil section (table I)
from root to tip with neither twist nor dihedral. The model had
zn aspect ratio of 5.76 and a ratio of tip chord to root chord of 0.57.
The wing plan Torm exclusive of the aileron dimensions was gecmeétrically
similar to the Juarter span of a complete wing model of aspect ratio 9
used in peveral investigations for which the data are unpublished.
The wing was fabricated with a solid steel gpar and laminated-mahogeny
surfaces. No transition strips were used on the wing, and sn attempt
was made to keep the model surfeace smooth during the entire investigation.

The full~span slotted~flap configuration was built to the

dimensions given in figure 3 and iz shown mounted on the wing in the
tumnel test section in figure 1. The design dimensions for the
0.25¢c Ilap are presented in table I and agree with the dimensions
for slotted flep 1 given in reference 2. The optimum flap position
with respect to the upper-surface airfoil lip and the optimum flap
deflection (6f = 45°) given in reference 2 were used for the normal
flap-deflected position in the present investigation. The flap had
a solid steel 'spar with laminated-mahogany surfaces.

The partial-span aileron configuration was built to the dimensiocns
given in figure h and the configuration is shown in the tunnel in

figure 2. The aileron of O.?&J and 0.20c was constructed of duralumin

and had straight sides end a trailing-edge angle of 11°. The aileron
had a plain radius-ncse overhang made of mahogany and was tested with

2 plsstic~impregnated fabric seal across the gap ahead of the aileron
nose, except at the location of the strain-gage earm where a gap of

about 0.0l%—exl 3teds In addition, the aileron was equipped with strain-
gage beams of various sizes to provide a maximum of sensitivity to the
hinge-moment readings st the various deflections and speeds at which

the investigation wes made. Aileron deflection was set for each test
by means of o beam-type clamp strain-gage arn.

The Langley high-speed T~ by 10-foot tunnel is a closed-throst
single-return tunnel. The turbulence of the tunnel air stream has
not been determined but is thought to be low because of the large
tunnel contraction ratic (14 to 1). This belief is substantiated by
turbulence meagurements msde in the Langley 300 MPH 7- by l0-foot
tunnel .
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TESTS

Wing angle-of=-attack tests with the Tlap retracted were made
through a Mach number range from 0.13 to 0.7l, with s corresponding -

Reynolds nunmber range of approximately 2.6 X 106 to 10.3 X 106
Dbased on a mean aercdynamic chord of 2.86 feet. In addition, a
constant angle-of ~attack (approximately at zerc 1ift) speed test
was made through a Mach number range from Ok to 0.82. Wing angle-
of-attack tests with the flup deflected were made through a Mach )
number range from 0.13 to 0.27. The variation of Reynolds number
with Mach number for these tests is shown in figure 5. ‘

Tests were made with various aileron deflections through an
angle-of=attack range at Mach numbers from 0.27 to 0.7l. The range
of ailercn sngles tested was between spproximately =159 and 1501
except at the lower values of Mach number where a deflection range
of epproximately -15° to 20° was used. The angle-of-attack: range
covered in all the tests became more limited as Mach number increased
because of the load limlitations of the model.

DISCUSSION

Wing Aerodynamic Characteristics 2

The 1ift, drag, and pitching-moment characteristics of the
wing model at various Mach numbers in the flap-retracted and flap-
aeflected configurations are shown in figures 6 and T, respectively.
As Mach number increased in the flap-retracted configuration, a
"gradual increase in the lift-curve slope, a smell increase in drag
coefficient at low lift coefficients, and very little chenge in
pitching-moment characteristics were obtained. Maximua 1ift coeffi-
cients of 0.93 and 1.87 were obtained at a Mach number of 0.l3 with
the full-spen flap retrzcted and deflected, respectively.

In order to ascertain whether the normzl flep position used
was optimum for three-dimensional flow, severzl additional tests were
made in which the flap deflection was held constent at h5o and. the |
location of the flep nose with respect to the wing upper-surface lip |
was varied. The results presented in figure & show that, in general,
moving the flap down and back from the normal flap-deflected position
(nose of flap 0.,0100c¢ below 2nd zhead of wing upper-surface lip)
resulted in a decrease in 1lift and an increase in drag at all angles -
of attack, except for the configuration in which the outhoard end of
the flap was held in the normal position and the flap nose at the
inboard end was moved rearwsrd and down from the normsl positon,
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& change which enlarged the gap between the flap and the wing lip.
For this wing-flap configuration, a lerger msximm lift, was noted
than for the normel wing-fl:p configuration. (See fig. 8.) Sealing
the I'lap slot in one of "these configurations was guite deleteriocus

in that a large decrease in lif't and sn inerease in drag resulted.

Variation of the lift-curve slope OL,, with Mach number is
shown in figure 9, in.which a steady increase of CLa with Mach
nurber ig ap?arent; that is, CLa increased from 0.72 at M = 0.13

to 096 at M = 0.71. No force brezk induced by-a wing shock was
apparent within the 1Lif't range covered. (see fige. 6 and 9.) The
data of figure 9 also cempare the compreszibility effects on CLa

cbtained from experimental date with the results computed by the
Prandtl-Glavert factor, which is based on two-dimensional flow, and
those computed by an equation derived by Young of Great Britain for
. finite-span wings end revised by Jones' edge-velocity correction
_(reference 3). The increase in lift-curve slope with increasing

- Mach number obteined in the invesilgation was consistently greater
than that computed by the reviged Young equaticn,

Variation of the lift, 4rag, and pitching-moment coefficients
with Mach number at a constant angle of attack approximately
corresponding to zero lif% is showa in figure 10. From these data
and-the data of figures 6 and 9, & positive shift of the angle of
zero 1ift and a rearward shift of the center of pressure with
increasing Mach number is indicated. A graduzl increase in the crag
‘coefficient at Mach numbers above 0.75 spparently indicates the
approaching existence or the existence of shock cn the wing.

Aileron-Control Characteristics

The results of the invéstigation of the aileron-control charac-
teristics at various Mach numbers are shown plotted against wing
angle of attack in figure 11 and cross-plotted against aileron
deflection at three low angles of attack in figure 12.

The rolling=-moment data generally show = decrease in effectiveness
with angle-of-attack increase for positive aileron deflections at the
lower Mach numbers (M = 0.27 and 0.38) and an inconsistent effect in
the negative ailercn-deflection renge. For Mach numbers sbove 0.38,
the aileron effectiveness generally increases slightly with angle-
of'~attack increase for both positive and negative ailercon deflections.
(See fig. 11.) The data of figure 11 further show s decrease in
ailercn effectiveness with increase in Mach number, and this phenomenon
13 more clearly illustrated in figures 12 and 13. This variation of




g NACA TN No. 1473

sileron effectiveness with Mach number is opposite to that obtained
in an aileron investigation for a wing of =spect ratio 9 employing
the same airfoil section (unpublished data) e |

Some- of this discrepancy is explained by the fact that the data
for the wing of aspect ratio 9 were not corrected for wind-tunnel
jet-boundery effects. Moreover, the valldity of Jjet-boundaxry
corrections For reflection~plane models at high Mach numbers has not
been well-established; as a consequence, the corrections applied to
the present data at high Mach numbers are questionable but are thought
to be conservative.

In addition, some cf this discrepancy is attributed to the fact
that the data obtained in the investigation of the wing of aspect

ratio 9 were at Reynolds numbers from 0.9 X 106 to 1.k x 106,
whereas the Reynolds number range of the ailleron investigation

reported herein was between approximately 5.2 X 106 and 10.3 X 106.
Two-dimensional tests of a 0.20c straight-sided aileron on the same

airfoil section (reference 4) at Reynolds number: of 1 X 106

-
and 9 X 10° (Mach numbers of 0.07 and 0.17, respectively) indicated
that a slight decrease in aileron effectiveness resulted when the
Reynolds number increasedj whereas high-speed aileron tests of the

the same airfoil section within a Reynolds nuuber range of 1 X 106

to 2 X lO6 indicated that an increase in Mach nuiber and Reynolds
number increased the alleron effectiveness. It is believed, therefore,
that the discrepancy in the alleron effectiveness exhibited between
the data presented herein and the datz cobtained from the wing of
aspect ratic 9 probably result from a Reynolds number effect, which
is either negligible or similar to a Mach number effect at low
Reynolds numbers and cpposite to a Mach number effect at hign

. Reynolds numbers. A part of this discrepancy may also result from
the fact that the aerodynsmic effects which accompany & reduction in
effective agpect ratio resulting from compressibility effects are
larger for the wing of aspect ratio 5476 than for the wing of aspect
ratio 9. This belief is substantiated somewhat by similar effects
shown by the results of a lateral-control investigation (reference 5)
performed on a thicker semispan wing at Reynolds numbers and Mach
nurbers (over the span of the aileron tested) which ere comparzble to
those existing during the reported investigation. These results are
reproduced in figure 13 for comparison with the reportecd data.

A compariscon of the aileron-effectiveness (indicated by the
slope 016 ) obtained in the present investigation at a Mach number
a
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of 0438 was made with the aileron effectiveness obtained from the
wing of aspect ratio 9 at the same Mach number. Good . agree.nen+
between the two investigations was chtained after accounting for.
aspect-ratio differences by use of reference 6 =nd correcting’ the
datw of the wing of aspect ratio 9 for Jjet-boundary effects by use
of reference 1. At higher lMach numbers, Reynolds nunber effecps on
ailercn effectiveness and compressibility effects on efxectlve"
agpect ratio (as previously discussed) probably account for the
poorer agreement as Mach number increased.

S

0

© The aileron yawing-moment coeffidients varied almost linezrly
with angle of attack (or lift) 'and generally became more adverse a3
the angle of attack increased, particularly in the positive aileron-
deflection range. (See figs. 11 and 12.) Mach nuuber had almost
no effect on the yewing-moment coefficients. )
The aileron hinge-moment coefficients also varied almost
linearly with angle of atteck, and the value of Cp increaged

/

. positively with increase in Mach number from ~0,0008 at M = Ose'f

to 0.0010 at ‘M = 0.71. (See figs. 1l and 13.) The varistion of

hinge-moment coefficient with.aileron deflection tended to become

more nearly linear as the Mach number increased (fig. 12), and the

value of Ch6a increased. negatively with increase in the Mach

number from -0.0052 at M = 0.27 to =0.,0072 at M = 0.71, (See

figs 13.) A comparison of the values of Ch@ and Ch5 obtalned
a \

in the present investigation with the values obtained in the investi-
gation of the wing of aspect ratio 9 (data unpublished) indicated

that these parameters were less negative and exhibited larger
compressibility effects in the present investigation. The differences
in the results obtained in the two investigations may be attributed to
differences in aspect ratlo, Reynolds number, and the fauct that the
aileron nose gap was not sealed in the investigation of the wing of
aspect ratio 9 but was sealed in the present investigation.

No data were obtained for pressures across the aileron seal
It is believed, however, since the aileron tested had its nose g
fairly well sealed that the equations presented in reference T, nc
be used to compute various balance configurations required for given
stick forces.

CONCLUSIONS

A high-speed wind-tunnel investigation was made of the aerodynamic
tharacteristics at various Mach nuibers of an NACA 65-210 gemispan wing
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variously equipped with s 25-percent-chord full-span slotted fla
and a 38-percent-semispan 20-percent-chord straight-sided aileron.
The results of the investigation led to the following conclusions:

1. With the full-span flap retracted at a Mach nwaber of 0.13,
a maximum 1ift coefficient of 0.93 was obtalned; and.with_hhevflep
deflected hSO, a meximm lift coefficient of l.é? wag obtained.

2. The variation of 1lift with angle of atback CLc increased

from 0,72 at a Mach number of 0.13 to 0.96 at a Mach number of 0.TL.
This increase in Cj,  with Mach number wao consistently greater
b 2

than the increage in CL& computed by existing theory for finite-
span wings,

3 Thé elffectiveness of the aileron, as shown by the variation
of rolling-moment coefficient with‘ail@ron“ﬁeflection CZSQ’
decrecsed slightly with increase in Mach number and Reynolés number e

L. Adileron yawing moment became more adverse with increasing

angle of attack (cr 1ift) but was essentially unsffected by increzsing
Mach number. i
5. The variation of the aileron hinge~-moment coefficient with
angle of attack Chm incrcased positively from -0.0008 at a Mach
number of 0.27 to 0.0010 at a Mach number of O.7l; wherezs the
variation of the hinge-moment coefficient with aileron deflection Chg
: 8

increagsed negatively from ~0.0052 at a Mach number of 0.27 to ~0.00T72
at a Mech number of 0.71.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronantics .
Lengley Field, Va., July 3, 1947
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TABLE T.- ORDINATES FOR AIRFOIL AND FLAP

[All dimensions in percent of wing chord]

NACA 65-210 airfoil section

Upper surface Lower surface
b : -—
Station Ordinate Station Ordinate
0 0 0 0
435 819 565 -.719
678 999 822 - 4859
1.169 1.273 1.331 ~1.059
2408 1757 2,592 -1.385
4 30 | 2,491 5 «102 -1.859 .
7 +39% 3.069 7 606 -2,22
9 .89k 34555 10.106 -2,521
14,899 1,338 15,101 ~2.992
19.909 .938 20 091 =3 .346
24 921 54397 25 .079 =3 607
29 .936 f, o.-32 30 006)4' ‘3 -788
34.951 | 5 495k 35,049 -3 .00k4
39968 6,007 40 .032 =3.925
Lk 98k 6.058 45,016 ~3.868
50 «000 54918 50 «000 =3.709
55 «OLY 5,625 54 986 ~3.435
60,027 54217 594973 =3075
654036 L.,712 6k 96h -2.652
70 +043 k128 69 957 ~2+184
75045 3479 Th 955 ~1.689
80 044 24783 79 956 -1.191
85.038 2,057 8l 962 -.711
90 .028 1.327 89 .972 - 4293
95,014 H22 oL .G86 010
100,000 0 100,000 0
LE, radius: 0.687
Slope of radius through L.E.: 0,084

NATTIONAL ADVISORY
COMMITIEE FOR AERONAUTICS
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TABLE I.- ORDINATES FOR AIRFOIL AND FLAP =- Concluded

[All dimensions in percent of wing chord]

Slotted flap

Upper surface Lower surface
Station Ordinate Station Ordinate
0 0 0 0
.28 92 .28 -
56 1.19 56 - 62
1.12 1.56 1.12 - .88
1.69 1.80 1.69 -1.00
225 1.99 248 =1 .03
3.38 2.22 4.98 -.83
k.50 2433 748 -.63
5 61 2.38 9.98 = ik
7400 240 12.48 =27
G400 2.35 14 .08 -.02
11.00 2.16 17.48 Ol
12,51 %, 19 .99 .10
15401 1 .50 22.49 12
1753 1«18 25 .00 0
20,00 71
22450 3k
25 .00 0
L. radiua: 0.8
Slope of radius through L.E.: 0.35

NATTONAL ADVISORY

COMMITTEE T

OR ATRONAUTICS
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(a) Front view.

Figure 1.- Reflection-plane model in inverted position with full-span
flap deflected.

(b) Rear view.

Figure 1.- Concluded.
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Figure 2.- Rear view of reflection-plane model in inverted position with
aileron deflected.
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semispan aileron having straight-sided airfoil contour.
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edge - velocity correction (reference3)
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Figure 9.- Variation of measured and theoretical lift~curve slopes
with Mach number,
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Figure 10.- Variation with Mach number of plain-wing characteristics.

a = -1.45°,
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(a) Mach number, 0.27.

Figure 11.- Variation of lateral control characteristics of complete
wing with aileron deflection. Of = 0.
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(b) Mach number, 0.38.

Figure 11.- Continued.
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(¢) Mach number, 0.51.

Figure 11.- Continued.
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(d) Mach number, 0.61.

Figure 11.- Continued.
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(e) Mach number, 0.71.

Figure 11.- Concluded.
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Figure 12.-

Alleron aeflection &, deg

(4) oc =0

Alleron deflection, & ,acg
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Variation of lateral-control characteristics of complete wing with aileron deflection
and Mach number. &, = 0°,
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Figure 13.- Variation of parameters CL ,Ch , and Ch with

68. 68. “

Mach number.




