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SUMMARY

Aeroiynamic characteristics of an unswept wing having an aspect
ratio or 2,67, a taper ratio of 0.5, and employing full-span, 25—percent
chord, plain, leading-edge flaps have been determined from wind—tunnel
tests of a semispan model, The data were obtained at Mach numbers from
about 0.50 to 0.95 and from 1.09 to 1.29 with corresponding Reynolds
numbers varying from about 0.9% x 10% to about 1.27 x 108, Sections of
the wing were uniform 0.08 chord thick from the 0.25 to the 0le75 ichord:
points tapering to sharp leading and trailing edges. The included wedge
angle of the leading and trailing edges was 18.2°, Whenever feasible
the experimental results have been compared with theory.

In general, the leading-edge flap was effective in changing both
the 1ift and pitching-moment coefficients at each angle of attack and
Mach number., For the unsealed flap-wing gap configuration, however, at
the highest angles of attack for the positive flap deflections the flap,
In some cases, was ineffective in changing the 1lift coefficient and, in
some instances where the incidence of the flap with respect to the free—
stream direction exceeded about +10°, the flap was ineffective in
changing the pitching-moment coefficient. At constant low lift coeffi—
clents the effectiveness of the leading—edge flap, compared with that of
a trailing—edge flap on the same wing, was less at Mach numbers below
0.7, slightly greater at subsonic Mach numbers above 0.8, and about the
seme at the supersonic Mach numbers, The effects of Mach number on the
rates of change of hinge-moment coefficient with angle of attack and with
flap deflection were generally much larger for the leading—edge flap
than for a comparable trailing-edge flap on the same wing.
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INTRODUCTION

The application of leading— and trailing—edge control surfaces on
low-aspect—ratio wnswept wings with sharp—leading—edge airfoll sections
has been proposed as a means for increasing the 1lift coefficients of
such wings in landing or certain maneuvering attitudes, and for provid—
ing sufficient control for flight in the transonic Mach number range.
Several investigations of low-aspect—ratio unswept wings employing
leading— and trailing—edge control surfaces have been reported in ref—
erences 1 to 6. In order to provide additional information concerning
the effectiveness and hinge-moment characteristics of such control sur—
faces at both subsonic and supersonic Mach numbers, an investigation
has been made in the Ames 1— by 3—1/2—foot high—speed wind tunnel of a
semispan model of an umswept wing of aspect ratio 2.67 and taper ratio
0.5, equipped with full-span, 0.25-percent—chord, plain, leading— and
trailing—edge flaps. The first part of the investigation, which was con—
cerned with the aerodynamic characteristics of the wing employing the
trailing—edge flaps, has been reported in reference 7. The present
report is concerned with the aerodynamic characteristics of the wing with
leading—edge flaps deflected and trailing—edge flaps undeflected. The
characteristics are presented for Mach numbers from approximately 0.50
to 0.95 and from 1,09 to 1.29, with corresponding Reynolds numbers vary— 1
ing from about 0.94% x 108 to 1.27 x 108, Comparisons between the exper—
imental and calculated characteristics are made whenever practicable.

NOTATION

e chord of wing

2
¢  mean aerodynamic chord of wing <_%__d;z
chidy:

Cp drag coefficient

Chf hinge-moment coefficient of trailing—edge flap, positive when
moment tends to move trailing edge of flap downward

trailing—edge—flap hinge moment >
2q X moment about hinge line of flap area behind hinge line

Ch. hinge-moment coefficient of leading—edge flap, positive when
moment tends to move leading edge of flap upward

leading—edge—flap hinge moment >
2q x moment about hinge line of flap area ahead of hinge line
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Egg rate of change of hinge-moment coefficient with angle of attack,

da per degree

gt rate of change of hinge-moment coefficient with flap deflection,
dsd per degree

CL 1lift coefficient

Cn pitching-moment coefficient about lateral axis through the quarter—
chord point of the mean aerodynamic chord, with mean aerodynamic

chord as reference length

% lift—drag ratio

M free—stream Mach number

q free—stream dynamic pressure

R Reynolds number based on mean aerodynamic chord

y spanwise distance measured from wing-root-chord line

a wing angle of attack, degrees

et wing geometric angle of attack, uncorrected for wind-tunnel Jet—

boundary interference (at supersonic Mach numbers, equal to
a), degrees

Of trailing—edge—flap deflection, measured in a plane normal to hinge
line, positive when trailing edge i1s below chord plane

on leading—edge—flap deflection, measured in a plane normal to hinge
line, positive when leading edge is above chord plane

9% flap-effectiveness parameter, absolute value of the ratio of the

d change in angle of attack to change in flap deflection at a
constant 1ift coefficient

APPARATTUS

The investigation was made in the Ames 1-— by 3—1/2—foot high—speed
wind tunnel, a single—return clogsed—throat tumnel vented to the atmos—
phere in the return passage. The tunnel was equipped with a flexible—
throat assembly (fig. 1) to permit operation at various subsonic and
supersonic Mach numbers,
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The semispan wing model used in the investigation was the same as
that employed in the investigation reported in reference T. The model
corresponded to a complete wing having an aspect ratio of 2.67, a taper
ratio of 0.5, and an wmswept 50—percent—chord line. The wing model was
equipped with full-span, 25—percent-chord, plain, leading— and trailing—
edge flaps, the hinge axes of which were coincident with the 25— and the
75-percent—chord lines of the wing. Sections of the wing in the stream—
wise direction were 8—percent chord thick from the 25— to the T5—percent—
chord points and tapered to sharp leading and trailing edges forming
wedges with included wedge angles of 18.2°, The gaps between the flaps
and the wing panel were approximately 1/32 inch, Plan and section views
of the wing together with the principal dimensions are shown in figure 2.

The wing model was mounted on an 18—inch—diameter balance plate in
the tunnel sidewall, as shown in the photograph of figure 3. Approx—
imately l/32—dnch gaps were maintained between the roots of the unde—
flected flaps and the balance plate. The face of the balance plate
exposed to the tunnel air stream was flush with the tunnel wall, and an
approximately l/l6—dnch ammular gap existed between the periphery of the
plate and the tunnel wall. Flow through this gap from the outside atmos—
phere was prevented by an extermal pressure—tight housing. Electrical
resistance strain gages were employed in measuring the force reactions
on the wing and the hinge moments of the flap.

TESTS

Lift, drag, and pitching moments of the wing, and hinge moments of
the leading—edge flap were determined as a fumction of Mach number for
constant geometric angles of attack from —3° to 12° and for leading-edge
flap deflections of —200, -10°, -5°, 5°, and 10° with the flap-wing gaps
ungealed. The test Mach numbers ranged from about 0.50 to 0.95 and from
1.09 to 1.29 for the wing at the smaller angles of attack with the flaps
undeflected. No tests of the wing could be made at Mach numbers between
0.95 and 1.09 because of choking conditions in the tunnel test section,
Lift, drag, and pitching moments corresponding to the same range of
angles of attack were also obtained with the gaps gealed but only for
flap deflections of —5° and 5°. For the 5° flap deflection, data for
the gaps—sealed configuration were obtained only at the supersonic Mach
numbers. The Reynolds numbers were based on the mean aerodynamic chord
of the wing and varied from about 0.94 x 10° at a Mach number of 0.50 to
a maximum of about 1.27 X 10® at a Mach number of 1.15, as shown in

figure k.
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CORRECTIONS TO DATA

Wind—tunnel-wall interference corrections to the angles of attack
and to the drag coefficients of the wing at subsonic Mach numbers were
determined by the methods of reference 8. These corrections (additive),
which are indicated in reference 9 to be independent of Mach number, are
glven as follows:

Aa (deg)
ACp

1}

0.51 Cp,
0.0089 €2

All the data corresponding to the subsonic Mach numbers have been cor—
rected for model and wake blockage by the methods of reference 10. These
blockage corrections vary with the measured drag coefficient but were
generally small, never exceeding a value of 3 percent even for the high—
est drag coefficients,

Tare corrections determined with the wing held independently of the
balance plate have been subtracted from the data at all the Mach numbers.
These corrections were found to be practically independent of angle of
attack or flap deflection and are given in coefficient form as follows:

il Lift Drag Pitching Moment
0.50 0.018 0.031 0.006
.70 +OLE .031 .00k
.80 .01k .031 .003
.90 L13 .031 .001
.95 017 £33 =003
1.09 .001 .020 0
1.29 .005 .025 =002
1.29 .003 .021 -, 001

The pitching-moment data were obtained from the 1ift and drag
reactions and are subJect to combined errors of both the 1ift and drag
measurements. As a consequence, the Pitching-moment coefficients in the
pPresent report are regarded as being of qualitative rather than quantita—
tive value.

At each test Mach number the stream inclination at the model posi-—
tion was found to be sufficiently small that no stream—aengle corrections
were necessary. Tunnel-wall boundary—layer measurements made at Mach
numbers from 0,50 to 1.20 with the tumnel empty have indicated the
exlstence of a turbulent boundary layer with a displacement thickness
of about 0,12 inch at each Mach number. The velocity in the boundary
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layer at each Mach number varied approximately as the l/lO power of the
distance from the wall, Some drainage of low—energy air from the tunnel-
wall boundary layer onto the wing may have occurred by virtue of the low
induced pressures on the wing. The effect on the test data of such
possible drainage, however, is unknown. It is believed that the pos-—
gible flow of air around the gaps at the roots of the flaps, and through
the gap between the balance plate and the tumnel wall, would have had a
negligible effect on the measured data.

RESULTS AND DISCUSSION

The basic force and moment characteristics of the wing with unde—
flected flaps, gaps unsealed and sealed, are presented in graphical
form. The corresponding characteristics for the wing with the leading-—
edge flaps deflected are given in tables I to V.

Lift Characteristics .

1ift coefficients for the wing with flaps wndeflected are shown in -
figure 5 as a function of Mach number with geometric angle of attack as
a parameter. This figure has been reproduced from reference 7. Lift
coefficients as a function of angle of attack for the various flap
deflections are presented in figure 6. It is observed in this figure
that the 1ift curves are essentially linear throughout the angle—of-—
attack range for Mach nmumbers above 0.90. In general, the effect of
gealing the gaps is to increase the 1lift coefficlents at the highest
angles of attack for Mach numbers up to 0.80, but at the higher Mach
numbers the effect is small.

The variation of 1lift coefficilent with flap deflection, gaps
unsealed, is shown in figure T for the various geametric angles of attack,
Tt can be seen in this figure that the leading-edge flap is generally
effective in changing the lift coefficient at each angle of attack and
Mach number. TIn some cases, however, the flap is ineffective for pos-—
itive flap deflections at the highest angles of attack. It is believed
that there was separation of the flow from the sharp leading edge of the
upward—deflected flap and that this separation caused the ineffective—

ness.,

The effect of Mach number on the leading-edge—flap-effectiveness
parameter da/ddp (evaluated for ®p from about —-° to 5°), gaps
unsealed, is shown in figure 8 for 1lift coefficients of O and 0.2 at the
subsonic Mach mumbers and for lift coefficients of 0, 0.2, and 0.k at
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the supersonic Mach numbers., Also shown in this figure for a 1lift
coefficient of zero are values of da/dd, for Mach numbers above 1.25
which were calculated using the expression for 1ift given in refer—
ence 11, Because of the particular geometry of the wing, the methods
of this reference were applicable only for Mach numbers of 1.25 and
greater. It was assumed for the calculations that the 1lift produced
by deflection of the flap was independent of the 1lift produced by the
incidence of the wing. As a consequence, the rate of change of 1lift
coefficient with flap deflection was equal to the difference between
the lift-curve slopes of the complete wing and that of a wing having
the same plan form as the portion of the test wing behind the leading—
edge flap,

In figure 8, it is observed that the effect of Mach number on the
flap-effectiveness parameter da/dd, is relatively small throughout
the ranges of Mach numbers shown. At Mach nmumbers between 1.25 and
1.29 it can be seen that the experimental and calculated values of
da/dd, at zero 1lift are in good agreement.

Values of the trailing—edge—flap-effectiveness parameter (gaps
unsealed) from reference 7 are presented in figure 9 for lift coeffi—
cients of O and 0.2, A comparison of the values of the flap—effectiveness
parameters for the leading— and trailing-edge flaps shows that those for
the leading-edge flap are less at Mach numbers below 0.7 and slightly
greater at subsonic Mach numbers above 0.8. At the supersonic Mach
numbers the values for both flaps are nearly the same.

Hinge-Moment Characteristics

The effect of Mach number on the hinge-moment coefficient of the
undeflected leading-edge flap is shown in figure 10 for various geometric
angles of attack. It is observed that the variations of hinge-moment
coefficient with Mach number are relatively small, except at Mach numbers
near unity, for the higher angles of attack. The asymmetry of the curves
about the zero hinge-moment axis and the fact that the hinge-moment
coefficients are not equal to zero at zero angle of attack are belisved
to be due to a slight misalinement of the flaps with the wing panel and
to small errors in setting the flap—deflection angle. Although not
illustrated in a figure (data given in tables I to V), the variations
with Mach number of the hinge-moment coefficient for the various flap
deflections at given angles of attack are somewhat greater than the
variations for the undeflected flaps. No abrupt variations of hinge—
moment coefficient with Mach number are generally evident in the hinge—
moment data for the deflected flap.
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Hinge-moment coefficients for the leading-edge flap as a function
of angle of attack and of flap deflection are presented in figure 11.
It 1s observed in this figure that the changes in the hinge-moment
coefficient which accompany changes in angle of attack or flap deflec—
tion are very large, as compared with those usually noted for trailling-
edge flaps. The direction of the hinge moments, for the most part, 1s
such as to tend to increase the absolute value of the flap deflection.
In general, the variations of hinge-moment coefficient with angle of
attack and with flap deflection are nonlinear.

The effects of Mach number on the rates of change of hinge—moment
coefficient with angle of attack and with flap deflection are shown in
figure 12, Values of A /d&n at zero angle of attack for Mach num—
bers above 1.25, also shown in this figure, have been calculated using
the expressions for the 1lift and center of pressure given in refer—
ence 11 and the procedure previously described for the calculation of
the flap—effectiveness parameter. It may be seen in figure 12 that the
effects of Mach number on 4 /da and dohn/d5n are generally large.
It is also noted that the effects of flap deflection on ann/da are
large for the most part. At Mach numbers between 1.25 and 1.29 the
experimental values of dChn/dSn for zero angle of attack are markedly
greater than those calculated.

The effects of Mach number on the rates of change of hinge—moment
coefficient with angle of attack and with flap deflection for the
trailing—edge flap are reproduced from reference 7 in figure 13. From
a comparison of figures 12 and 13, it is observed that on the whole the
effects of Mach number on dCp/da and dCnh/dd are considerably larger
for the leading—edge flap than for the trailing-—edge flap.

Drag Characteristics

Drag coefficients of the wing with undeflected flaps are shown in
figure 14 as a function of Mach number with geometric angle of attack as
a parameter., This figure has been reproduced from reference 7. The
variation of drag cosfficient with 1ift coefficient is exhibited in
figure 15 for various flap deflections. It is evident in this figure
that at each Mach number large changes in the drag coefficient accompany
deflections of the leading—edge flap, gaps unsealed. On the whole,
sealing the gaps reduced the increments of drag coefficient due to flap
deflection. A marked reduction is observed for the most part at the

subsonic Mach numbers.

The reason for the apparent discrepancy between the minimum drag
coefficients for the —5° and 5° flap deflections, gaps unsealed, at
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several of the Mach numbers is umknown, but may possibly be attributed
to a misalinement of the flap,

The variation of lift—drag ratio with 1lift coefficient for the
various leading—edge flap deflections is presented in figure 16. It is
observed in this figure that deflections of the flap do not generally
provide greater lift—drag ratios at the higher 1lift coefficients than
those for the wing with the flap undeflected. Sealing the gaps increased
the lift—drag ratios for the most part. The effectiveness of the flap
in improving the lift—drag ratios of the wing at the subsonic Mach num—
bers is much less than that indicated in reference 3 for a comparable
wing (5-percent chord thick, leading— and trailing—edge angles of 5.1°)
investigated at a Reynolds number of 2 x 108, The disagreement is due
largely to the differences in the increments of drag coefficient which
resulted from the flap deflections. It is believed that the large drag
coefficient increments of the present investigation are due to separation
of the flow over the wing resulting from the effects of the low test
Reynolds numbers on the particular wing section employed,

Pitching-Moment Characteristics

Pitching-moment coefficients for the wing with undeflected flaps
are presented in figure 17 as a function of Mach number for various
geometric angles of attack. This figure has been reproduced from ref—
erence 7. The variation of pitching-moment coefficient with 1lift coeffi-—
clent for various flap deflections is shown in figure 18, It may be
seen that the variations are generally irregular for both the subsonic
and supersonic Mach numbers and do not appear to be gignificantly
affected by sealing the gaps. In general, the rates of change of
pitching-moment coefficient with 1lift coefficient are positive at the
subsonic Mach numbers. The large positive slopes evident at these Mach
numbers may be a result of the low Reynolds numbers of the investigation.
At the supersonic Mach numbers the slopes are generally negative,

The variation of pitching-moment coefficient with flap deflection,
gaps unsealed, for various angles of attack is presented in figure 19.
It is observed that the leading—edge flap is generally very effective
in changing the pitching-moment coefficient at each angle of attack and
Mach number shown., In some instances, however, the flap was ineffective
where the incidence of the flap with respect to the free—stream direction
(i.e., @ + 8,) exceeded about #10°,
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CONCLUSIONS

A semispan model of an unswept, tapered wing of aspect ratio 2 B
employing leading—edge flaps and having sharp leading-edge airfoil sec—
tions with a thickness—chord ratio of 0.08 has been investigated at Mach
numbers from about 0.50 to 0.95 and from 1 09 to 1.29 with corr95pond1ng
Reynolds numbers varying from about O. ok x 107 Ta 1427 o 10°., From the
results of this investigation, the following are concluded:

1. The leading—edge flap was generally effective in producing an
increment of both lift coefficient and pitching—moment coefficient at
each angle of attack and Mach number. In some cases, however, for the
wmsealed gap configuration, the flap was ineffective in producing an
increment of 1ift coefficient for positive flap deflections at the high—
est angles of attack, and ineffective in producing an increment of
pitching—moment coefficient where the incidence of the flap with respect
to the free—stream direction was greater than about +10°

2. The effectiveness of the leading—edge flap at constant low lift
coefficients, as compared with that of a trailing—edge flap on the same
wing, was less at Mach numbers below 0.7, slightly greater at subsonic
Mach numbers above 0.8, and very nearly the same at the supersonic Mach

numbers,

3. On the whole, the effects of Mach number on the rates of change
of hinge-moment coefficient with angle of attack and with flap deflec—
tion were much larger for the leading—edge flap than for a comparable
trailing—edge flap on the same wing.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Moffett Field, Calif,
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TABIE I.— BASIC AERODYNAMIC DATA

[, = D&
Gaps unsealed Gaps sealed
M o CrL, Cp Cm Cny M s Cr, Cp Cm
0.51|—=3.1 [-0.096 | 0.038 | 0.007 [0.051 = e[ s = — —
.72 -3.0 | —.087 | .036| .008 | .068 e e B R BE S e
.82 3.0 | —.071| .0ok0 [-.003 | .085 e B B e
.88 | =3:1 | —.089 | .04k9 |—.004 | .096 —_——— - - === ===
.91 1-3.0 | —.083 .061 .001 .100 ——— ] m—— | mm———_——] - ==
94 | 3.0 | —.087 | .069| .005| .l06 —_——— - ——_-— | — === ===
1.09 | -3.0 | =113 | .070 | .037| .100 1.09 —3.0 |-0.155 [0.072 | 0.0k}
1.20 | 3.0 | =.123 | .062 | .069 | .158 1.20 —3.0 -.156 | .075| .048
1.29|-3.0 | —.097}| .076},.051| .133 1.29 —3.0 =411 F S 0758 5.053
5110 .015 | .032 | .008| .20k el e ] ]
L] e .029 | .031| .016 | .243 e [T PSR [ —— [ ————
820 L0361 0320 ,0151 .280 —_——— | —_——_— == -] ===
87 o L0850 ORISR T oSS SN2 8T T e e R
91| o Oh9 | .ok5 | .013 | .300 —_—————= ] === ==
<95 |80 067 | 069 | .009 | .301 —— = —_——_ = —_—= | =] - ==
1.09| ©0 L0BH1E (062 1B 01311 303 1.09 0 .010 | .068| .057
12080 ol+9 070 | .03 | .323 1.20 0 .013 | .070] .0k0
ROGEINEG) .059 | .069 | .034 | .264 1.29 0 046 | .067| .038
AL | ST 61 1030 J039 | ik ——— == =] ===
i Bt 2183 1000331 ohu | = hay ——mm | —— e me = ===
SO28|-E3 213 1 037 1 .6ko 1 551 == I e
8T 3.1 2h2 | .ok3 | .038] .550 —m—mm | mm e e m =] == =
AR E R .254 .04k9 | .033 .529 ——— | ——= | — == |- ===
<9513 0 246 | 078 | .029 | .504 —_——— | m—— | —— = -] ===
1.09'1" 3.0 232 078 | 10268 469 1.09 3.0 197 || 086" .0LO
1.20 | 3.0 212 | 084 | 024 | .hok 1.20 3.0 A8k 155 o8ISR Pl
422980 320 209 SO T | 00T N S5T N R RPN (S
Sl 6.2 288 .057| .033 |--~— L | e B e
T2 4 620 319 0581 039 | .538 R (NP EPRS e R
.03 |62 358 || 066 | .050' ] .681 o I R S R e s e
89| 6.2 3861 JO0T78]: .05 | 697 e e PR S e
91 | 16,2 A4o1 ] .089] .050 | .672 | (NS (REPESR I
9511 6,2 A6 =S138 8 i S35 EIES 630 ——— | = === - ==
1.09 | 6.0 393 | .109} .005| .580 1.09 6.0 <396 | = SANNlE O 17
1.20 | 6.0 =359 | 13 1 006 1 JLT79 1.20 6.0 332 | .200| — - -
1,291 6,0 - 3505 [0 | =006 U3 ——— | —— ] - === ==
S by Pe b 323 1 LRI 018 [, 185 et T R R e
e ¥ 9.2 361107 S coslEl 5o St e Sl pl S rRIRER L R
2 I 9.2 SB35 E 1T 10550 |i& 565 L B S [ e e
8871 1952 .36l 15 2133 1 059 | .62k e [ ) ey e
P10 3 A489 | .161 | .069 | .80k ——— e e i
OB 923 595 1. 20l i 1I0091 1= 736 ——— |- = == ===
1.20 | 9.0 81 158 ¢ J00R 1 .59 1.20 9.0 496 [ 2139 | =012
1.29°1 920 482 | .152 [—.028 | .469 —_——— | == ===
1220111250 611 | ,211 [-.023 | .605 T [ [ P P
1.29 [12.0 .598 | .207 [-.043 | .525 ——— = = === ===
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TABIE IT.— BASIC AERODYNAMIC DATA

[8pn = 10°]
Gaps unsealed
M a CL Cp Cm Chy,
0.51 -3.0 -0.052 0.058 0.041 0.283
12 -3.0 —.016 .062 .Ob7 .359
.82 —2.9 .029 067 .034 418
1.09 —3.0 —.084 .089 .070 403
1.20 -3.0 -.075 .086 .088 .356
129 -3.0 —.011 .085 .010 «343
51 0 .0Lk6 .048 .OLh 103
2 0 .065 LOLT7 2055 L76
.82 k. ¥ .098 .052 .055 ShT
1.09 0 .104 .092 .053 S5k
1.20 0 .091 .088 .063 439
1.29 0 .118 .090 .054 Lot
<51 = g3 .0k48 LOL7 J511.
72 353 .213 .053 .056 575
.82 1 .235 .061 .058 616
1.09 3.0 .282 .130 .036 665
1.20 3.0 237 .103 .033 .488
1.29 3.0 «255 .108 .037 L67
51 6.8 <305 .080 .043 .535
o2 6.2 .303 .086 .039 .569
.82 6.2 .288 101 .049 .569
1.20 6.0 .369 -132 .022 56T
1:99 6.0 .383 142 .009 .523
51 9.2 .370 % 1) 2 L .020 .548
.72 9.2 .330 .123 .026 .563
.83 9.1 .280 136 .053 .560
1.20 9.0 ST JLTe .008 642
1.29 9.0 .506 .194 —.007 .563
.51 30L0 .368 +158 .010 .526
g2 12.2 <351 .164 .030 ST
.82 100 .308 .182 .056 553
1.29 12.0 L52 20l -.285 614 :
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TABLE III.— BASIC AERODYNAMIC DATA

[Sn - 50 ]
Gaps unsealed Gaps sealed

M o CL CD C.m Chn M a CL CD Cm
0.51| 3.1 }|-0.157 [0.023 | -0.025 | —-0.437 0.51|—3.1|-0.145 | 0.025 | -0.028
72| 8.1 | =176 | .022 | —.043 | —.496 Bl =3 T S 508 e oo R S=2nom
B2 3.1 =173 | .027 | -.053 | —.553 82| 3.1 =.170| .027| -.031
.87]=3.1] —-.160 | .032 | —.061 | —.551 B87]18.1) =174} .030] —.036
91 3.1 | —.177 | .038 | —.059 [ —.54k 91|-3.1| —-.18% | .033] —-.037
.95 3.1 | —.209 [ .063 | —.065 | —.523 Oh | 3.1 —.199| .ok7 | —.033
1,09(-3.0 | =180 | .071| —-.025| —-.383 1.09|=3.0] === 070 ———
1.20|°=8.0 | =207 |—=—] —.032 |l —k3kL 1500 [[=3.0 ] —.228| .o7rk =018
1,29| 3.0:| =199 | .o54 | —.012 [ —.339 1.29 | 3.0| —-.184%| ,073| —.029
sl —.042 | ,018 | —.022 | —.293 S5 e —-015| .011| -.020
N i —.045 | 022 | —.026 | —.347 2 o —-.010| .012| —o022
B2 —-.052 | .026 | —.026 | —.398 837 o —-.011| .018 | -.021
881 o =027 | .032 | —,035 | —kk6 881 0 ,006 | ,021 | —,029
RNl Mo —.028 | .037 | —.04k [ =472 2921 0 .026 | .024 | —.038
ROl ) —.069 | .053 | —.031 | —.468 95| o —.027 | .041| —.0%0
1.09] 0 -.002 | ,079 | —.037 [ —.341 §209°.0 —.005 | .069 | —.037
1.20| o —.0kk | 068 | —.046 | —.335 1201 ©o —.043 | ,066 | —.053
| i 1.29| o —.042 | ,062 | —.032 | —.259 AL ) —.035 | .064 | —.046
5Ll 30 .083 | .025 | —.01% | —.074 e O 107 | .013 | —.011
sT2il 3.0 .086 | .027 | —.015 | —.125 2 3 120 | Loip| —.005
X .82 | 3.0 073 | .03% | —.005 | —.130 Sl il A5 | 028 | —.003
L8130 117 | .ok3 | —.015 | —.149 B8] 3.2 182 | ,038 | -.017
Sy SRl 122 | 052 | —-.019 | —.180 91 -3 A73 | L043 | —.01%
A 116 | 073 | —.023 | —.209 ST IR s LAl | 061 | —,012
1.09| 3.0 Jdk2 | 091 | —.0kk | —086 1.09 | 3.0 168 | 078 | —.047
1,20 |- 3.0 .10k | 070 | —.051 | -.179 25204]8 3.0 116 | .07k | —.050
| 1.29| 3.0 .113 | .068 | —.054 | —.158 1.29 | 3.0 123 | ,063 | —.05k4
| G R .210 | .039 | -.029 .038 t5oi 60, 250 | .026 .009
Ak PNk .201 | .oko | —.010 .043 L P 265 | .033 .013
i sl 67 | 046 .001 .048 B2k 6.1 265 | .046 .018
.88 | 6.1 .169 | .061 .016 .034 BB 6.1 .229 | ,060 .023
90 6.1 .197 | .068 Honil .022 Serhl S 241 | 076 .019
c95EING 284 [ 097 | —.021 | —.021 s95 |46.,2 .293 | .096 | —.005
96| 6.2 .319 | .119 | —-.053 | —.0kL 1.09 | 6.0 .312 | ,098 | —.039
1.09 | 6.0 .296 | .118 | —.056 .090 1..90%]" 6.0 .280 | .093 | —.069
1.20| 6.0 257 | .09% | —.061 | —.010 1,29} 6.0 .269 | .090 | —.062
129 6.0 .258 | .090 | —.061 | —.068 AR G iy RO i R
Sl 9.8 .309 | .067 | —.036 .342 S21 9.2 -390 | 051 .016
N2 |9is 300 | .068 | —.004 .358 721 9.2 409 | .056 .032
B e 246 | .o72 .021 «351 83| 9.2 .389 | .o72 .037
881 9.1 274 | 087 .028 385 88| 9.2 342 | .085 .040
92| 9.2 381 | Akl =.012 .343 921 9.2 346 | .095 .036
oo 9.2 A61 | 150 | =051 .320 96| 9.3 A8k | 139 .010
3.20.]" 9.0 Jo8 | .123 | —.067 .123 3.20'1" 9.0 A28 | 117 | —.07h
| 1529511 9.0 A03 | L1177 | —.071 .065 1.29 | 9.0 429 | ,120 | —.072

\

-—— = === - - —— 251 (12,3 .520 | .097 .036
—— === == -==] === 2 122.3 A97 | 115 .053
—— == | === == m==] ==~ .82 |12,2 L478 | .138 .028
_—— = | == ] ==} === === .88 |12.2 453 | .181 .070
—— == === == === -== .92 [12.3 DT I -228 .0k9
== == - —i— | == | === .96 [12.3 641 | ,303 .026
4 1.20 |12.0 527 | 159 | ——— 261 1.20 |12.0 .592 | .153 | —.078
1,29 [12,0 | .547 | .162 [ —.O74 | .17k 1,29 (12,0 | .582 | .163 | —.O7%
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TABIE IV.— BASIC AERODYNAMIC DATA

NACA RM AD0K10

[8, = = 10°]
Gaps unsealed
M a CL CD Cm Ch_n
0.51 -3.1 |-0.171 0.050 |-0.055 |—-0.593
T2 -3.1 —-.184 .053 —-.055 —.642
.82 —3.1 —.202 .060 —.059 —.688
1.09 -3.0 —-.245 .098 —.049 —-. 766
1.20 -3.0 —.260 .099 —.034 -.558
1.29 -3.0 .229 .104 —-.022 —.454
51 0 -.077 .046 .184 -.518
T2 0 —.087 LO47 .016 -.593
.82 -1 -.102 .050 .020 —.635
1.09 0 —.09L .085 —.065 —.633
1.20 0 —.133 .086 —.046 -.518
1.29 0 —.099 .089 —.061 —-.431
51 3.0 .037 Oh7 —.049 —-.339
12 2.0 017 .048 —.038 —-.406
.82 3.0 —-.0l41 .056 —.023 -.461
1.09 3.0 .090 .082 —-.081 -.416
1.20 3.0 .030 .082 —-.087 —.437
1.29 3.0 .053 .085 —.082 —-.406
M | 6.1 .149 .063 —.035 —. 14k
T2 6.1 .101 .066 —-.022 -.162
.82 6.0 .039 .072 —.001 -.187
1.09 6.0 - .100 -.080 —-.221
1.20 6.0 .203 .102 —.095 -.416
1.29 6.0 .20k .102 —.100 —.394
Sk o] .190 .090 —.037 —-.003
= 9.1 J1hh .093 —,016 —.005
.82 9.1 .099 .098 .015 —.00k4
1.09 9.0 .382 L3 —.086 - ——
1.20 9.0 .338 134 —-.102 -.193
1.29 9.0 347 .129 —.100 —.243
Mo 121 .260 42 X5 —-.035 .134
Jq2 ag. 203 .115 —.01k4 .139
.82 12.1 .191 .123 .01k sk
100 12.0 RV} .160 —-.065 03T
1.29 12.0 466 .158 —-.081 —.015
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TABIE V.— BASIC AERODYNAMIC DATA

[6p = —20°]
Gaps unsealed
M o C, Cp Cm Chy,
0.51 -3.1 | —0.202 0.07% | =0.057 | —0.628
% ] -3.1 -.185 .093 —.064 —.626
.82 -3.1 —.208 k3 -.066 —-.650
8T —3.1 —.177 <126 —.0k47 —.678
.90 —3.1 —-.198 S§RT —.08L —. 711
.94 —3.2 —.298 .198 -.073 -.871
o -1 -.112 .061 —.053 —.591
7L -1 —.154 .082 —.049 —-.632
.82 -1 -.210 .096 —.049 —.648
JO7 -.1 —-.2h 2110 —-.061 —-.674
91 -1 —.226 .133 —-.036 —. 742
oL -1 -.233 178 —.048 -.846
<5 3.0 —.007 .066 -.078 -.605
w2 3.0 —-.082 .080 —.069 -.590
.82 2.9 -.146 .092 —.061 —.586
.88 2.9 -.192 .106 —.066 -.586
by 2.9 —-.201 .123 —.070 —.634
<95 3.0 —-.092 .195 —.087 -.846
<51 6.1 .09k .070 -.078 —. bk
o2 6.0 .028 .082 -.076 -.491
.82 6.0 —.020 .089 —-.067 -.538
.88 6.0 —. 065 .098 —.066 —.560
91 6.0 -.050 .118 —.046 -.585
<95 6.0 ko) 167 =,116 LHARD
51 9.1 <138 .097 -.108 —.368
il 1 9.1 .095 .097 —.094 —.406
82 9.0 .039 <101 —.066 —-.431
.88 9.0 .04k 114 —.061 —.439
.90 9.0 .083 Jd27 | —.07h | =456
.95 9.1 .265 .187 | —.080 -.478
o 12,1 149 5 Tol2) -.085 —. 434
471 315:1 .128 .125 —-.085 —.280
.82 18.1 .090 .129 —.060 —.311
.88 12.1 143 49 [ 071 | -.316
.90 12.1 183 .166 —.084 —.313
.92 2.1 .258 .182 —— - -—
.9k 18,8 Lo 2u6 -.136 -.335
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| 18.2°
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!
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bor e T

)

Tunnel wall J
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/n inches

Note: Leading- and
trailing—-edge radii
are about 0.002.

Figure 2.— Sketch of the semispan wing mode/ with leading— and

trailing—edge flaps.
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Figure 3.— Photograph of the model, with the leading— and trailing—edge
flaps deflected, mounted on the semispan balance in the Ames 1- by
3-1/2—foot high—speed wind tunnel.
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Figure 4.— Nominal variation of Reynolds number with Mach number for tests of the

semispan wing of aspect ratio 2.67 in the Ames |- by 34-foot high-speed wind
tunnel.
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Figure 5.— Variation of Ilift coefficient with Mach number for various geomelric
angles of attack, flaps undeflected.
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Figure 6.- Variation at several Mach numbers of lift coefficient with angle of attack for various leading-edge flap
deflections.
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Figure 7.- Variation at several Mach numbers of lift coefficient with leading-edge Fflap deflection for various geomefric
angles of attack, gaps unsealed.
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Flap-effectiveness

Flap-effectiveness
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Figure 8- Effect of Mach number on the leading-edge-flap effectiveness
parameter, gaps unsealed.
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Figure 9.- Effect of Mach number on the frailing-edge—flap effectiveness
paramefer, gaps unsealed (data from reference 7).
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Figure 0.~ Variation with Mach number of the hinge-moment coefficient of the
leading-edge flap for various geometric angles of attack; flaps undeflected,
gaps unsealed.
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Figure |1.- Variation at several Mach numbers of leading—edge flap hinge-moment coefficient with angle of atfack and
with flap deflection, gaps unsealed.
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(a) Rate of change of hinge-moment coefficient with angle of attack at zero

angle of attack.
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(b) Rate of change of hinge-moment coefficient with leading-edge flap deflection

at O° deflection.

Figure |12~ Effect of Mach number on the slopes of the leading-edge flap
hinge-moment curves, gaps unsealed.
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(b)Rate of change of hinge-moment coefficient with trailing—-edge flap deflection af
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Figure 13.— Effects of Mach number on the slopes of the trailing—edge—Flop
hinge-moment curves, gaps unsealed.
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Figure |4.— Variation of drag coefficient with Mach number for various geomefric

angles of attack, flaps undeflected.
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Figure 15~ Variation of drag coefficient with lift coefficient for various leading-edge flap deflections.
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Figure 16.— Variation at several Mach numbers of lift-drag ratio with lift coefficient for
various leading—-edge flap deflections.
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Figure 17.— Variation of pitching—moment coefficient with Mach number for
various geomefric angles of attack, flaps undeflected.




/2 M=5 8 ) 29 109 120 {29
N\
08 : 4 I \
= 4 /’- i A NG ) N s,
.04 < \‘\ "‘/ i - : ’,—-/-/ \ o BEA \\\J‘\ %
K)S 0 ~-F i A 1 ~-4-17 // - I K [~ \\‘ S \\
-~ T e pmEd 7 Al = || N BN N SN \
- = = \‘ ,/ ~ ] JIN
% -04 =R = NN N \\\\
o et s = ™ \\ S Ry P N~
;‘: : =i s N Re y — C =]
% -08 RS e SElE N g
Q ==
b 4
| X (a) Gaps unsealed.
| 3 /2
‘ o
§ 08 |
Q ] o B 2 ~ el ol
;g 04 " /"/ [ 1 b ~C
A |t N
-g = / o 8 3 S48
QU 0 - ’,/ ~ — J i o e 1 N ~d 0
A -1 Vi Bt y \ \\
7 4 =1 3 o =
0 __3”/ Odeg _._sﬂigeg ~\ - ~ S
G S A S D R 3 ] b T
s R
s d 2 0 2 456 0O 0 0 o o o

Lift coefficient,C,

(b)Gaps sealed.

| Figure 18- Variation at several Mach numbers of pifching-moment coefficient with Iift coefficient for various leading-edge

flap deflections.
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