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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

THE EFFECT OF LEADING-EDGE EXTENSIONS ON THE LONGITUDINAL
- CHARACTERISTICS AT MACH NUMBERS UP TO 0.92 OF A WING~
FUSELAGE~TATI, COMBINATION HAVING A 40° SWEPTBACK

WING WITH NACA 64A THICKNESS DISTRIBUTION

By Fred B. Sutton
SUMMARY A

A wind-tunnel Investigation has been conducted to determine the
effects of leading-edge extensions upon the longlitudinal characteristics
of & wing-fuselage and wing~fuselage~tail combination having & wing with
10° of sweepback and NACA 6UA thickness dlstribution. The tests were made
at a Mach number of 0.25 and a Reynolds number of 8 million and at Mach
numbers varying from 0.25 to 0.92 at a Reynolds number of 2 million.

The addition of the. leading-edge extension from 0.60 semispan to the
wing tip eliminsted large changes in longltudinel stability of the wing-
fuselage=tail combination up to 1Lift coefficlents in excess of 1.0 at low
speeds and resulted in slight increases in the 1ift coefficilents at which
. large changes in stability occurred at high subecritical end supercritical
speeds. In this regard, the chord extension was not so effective as the
best combinstion of wing fences previously tested on this wing. The chord
extension did not decrease the trim lift-drag ratios of the wing-fuselage=-
tail combination at high subcritical speeds and Increaged them slightly
at supercritical speeds, whereas the fences causgl about an 8-percent
decrease in 1ift-drag ratioc at Mech numbers from 0.70 to 0.86. As was
the case with the wing fences, addition of the chord extension had only
small effect on the Mach number for drag divergence. The leading-edge
extensions had little effect on the tail contribution to stability at low
speed and up to moderate 1ift coefficients at high speed.

INTRODUCTION

An Investigation has been made in the Ames 1l2-~foot pressure wind
tunnel to determine the longitudinal characteristics of wings suitable for
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long~range elrplanes capable of moderately high subsonlc speeds. Two
twisted and cambered wings of relatively high aspect ratio, one having
NACA four-digit and the other having NACA 6L4A thickness distribution, have
been investigated with 40°, 45°, and 50° of sweepback, end the results-
are presented in reference 1. All of these wings experienced a severe
decreade In longitudinal stability at moderate 1ift coefficilents due to
flow separation on the outer portione of the span. The results in refer-
ences 2 and 3 show that the stabllity characteristice of these wings could
be improved congiderably by the use of multliple chordwise fences; however,
the addition of fences resulted in moderate increases in drag for Low to
moderate 1ift coefficients at high subsonic speeds.

: The present phase of the investigation wes made to determine whether
leading~edge extensioms would ilmprove the longitudinal stabllility character-
istics of the wing with NACA 6L4A thickness distribution without the drag
penalties associated with the fences. The wing wilth 40° of sweepback was
tested in combination with a fuselage and with leading-edge extensions
which were varied in spanwise extent. A comparison is made herein of the
effect on the longitudinal characteristics of the model of a leading-edge
extension and of the best arrangement of fences found in the investigation
reported in reference-3. The wing-fuselage combination with a leading-edge
extension was also tested with an all-movable horizontel tail to determine
the effect of the leading=edge extension on the contribution of the tail

to static~longitudinal stability and on the control effectiveness of the
tall.

NOTATION

All wing areas and dimenslons used in the notatlon refer to the
unmodified wing. o

b=
A agpect ratio, 28
a mean-line designation, fraction of chord over which design load
1s uniform _
at lift-curve slope of the isolated horizontal tgil, per deg
8yr+Ff lift=curve slope of the wing-fuselage combination, per deg

Byr+f+t lift~curve slope of thg wing-fuselage~tall combination, per deg

% wing semispan perpendicular to the plane of symmetry
, C drag
Cp d?ag gqeffiqient,_-ag—.
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1ift coefficient, lf-lgt

pltching-moment coeffilcient about the quarter point of the wing

mean aerodynamic chord, p;tchizgsmoment

local chord parallel to the plane of symmetry
local chord perpendicular to the wing sweep axis

b/2 .
JF c2dy -

Q

b/a
[T
(e

section design 1lift coefficient

mean gerodynasmic chord,

incidence of the horizontal tail with respect to ‘the wing roob
chord

lift-drag ratio

free~stream Mach number

free-sgtream dypamic pressure

Reynolde number basged on the wing mean aerodynawmic chord
area of semispan wing

area of semispan horilzontel tail

maximum thickness of section

lateral distance from the plane of symmetry

angle of attack, measured wlth respect to a reference plane
through the leading edge and root chord of the wing

angle of attack of the isolated horizontal tail
effective average downwash angle

angle of twist, the angle between the local wing chord and the
reference plane through the leading edge and the root chord of
the wing (positive for washin and measured in planes parallel
to the plane of symmetry)

R
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byl fraction of wing semispan, E%E
ﬂt(%; tail efficiency factor (ratio of the lift-curve slope of the
. horizontal tail when mounted on the fuselage in the flew

field of the wing to the liftt~curve slope of the isolated
horizontal teil)

Subscripts
f fuselage
t horizontal tall
v wing
MODEL

The wing-fuselage and wing-fuselage-tall combinations (fig. 1(a))
émployed the twisted and cambered wing of reference 1 having the NACA 6hA
thickness distribution. For the ummodified wing, this distribution of
thickness was cowbined wilth an ‘a = 0.8 modified mean line having an ideal
11ft coefficient of 0.4 to form the sectlons perpendicular to the quarter-
chord line of the unswept wing panel. The thickness-chord ratios of these

sections varied from 1k percent at the root to 11 percent at the tip.

The chords of the leading-~edge extensions were a congtant percentage
of the original chorde and the exteénsions extended from either 45 percent
of the span to the wing tip or from 60 percent of the span to-the wing tip.
The coordinates of the extensions were obtained by extending the wing sec-
tions perpendicular to the wing sweep axils forward 15 percent and modlifying
the mean line and thickness distributlon of the sections as shown In
figure 1(b). The extemsions faired into_the original wing at spproximstely
40 percent of the chord and were simllar to the forward part of the origl-
nal sectlon except for reduced thickness ratlo and nose radil. The reduce
tions in nose radii amounted to approximately 23 percent. The imner faces
of the extensions were psrallel to the free stream and the extensions
increased the wing asres by either 4.6 or 6.3 percent.

: The wing was constructed of solid steel and the surfaces were pol-
ished smooth. The leading-edge extensions were constructed of steel
plates covered with a tin~bismuth alloy contoured to the desired section.
For this investigatlor the angle of sweepback of the quarter-chord line
of the unmodified wing was 40° and the aspect ratio of the ummodified wing

wes 7.0.
L .
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Twist was introduced by rotating the streamwlse sections of the wing with
L0® of sweepback about the original leading edge while waintaining the
untwisted projected plan form. The veriastions of twist and thickness ratio
along the semispan of the umnodified wing are shown in figure 1(c).

The fuselage employed for these tests consisted of a cylindrical mid-
section with simple fairings fore and aft. Coordinates of the fuselage are
listed in table I. The fuselage had a fineness ratio of 12.6 and was
located with respeet to the wing, so that the upper surface of the wing
was nearly tangent to the top of the fuselage at the plane of symmetry.

The angle of incidence of the wing root with respect to the fuselage center
line was 3°. The fuselage shell was constructed of aluminum and wes stiff-
ened with a heavy steel structural member.

The all-movable horizontel +ail had an aspect ratio of 3.0, a taper
ratlio of 0.5 and 40° of sweepback. The axis about which the incidence of
the horizontal taill was varied was at 53.4 percent of the tall root chord.
This hinge axis was at the intersection of the fuselage center line and
the plane of the wing root chord (see fig. 1(a)). The tail was constructed
of so0lid steel and the surfaces were polished smooth.

Figure 2 shows photographs of the model mounted in the wind tunnel
and one of the leading-edge extensions. The turnteble upon which the model
was mounted is directly connected to the balance system.

CORRECTIONS TO DATA

The data have been corrected for constrictlon effects due to the
presence of the tunnel walls by the method of reference 4, for tunnel~
wall interference originating from 1ift on the model by the method of
reference 5, and for drag tares caused by aerodynamic forces on the turn-
table upon which the model was mounted.

The corrections to dynamic pressure, Mach number, angle of attack,
drag coefficient, and to pitching-moment coefficient were the same as
those used for references 2 and 3 and are listed in table II.

RESULTS AND DISCUSSION

Tests were conducted to determine the longitudinel characteristics
of the wing~fuselage combination with leading~edge chord extensions from
0.45 semispan to the wing tip and from 0.60 semispan to the wing tip. The
results of these tests are shown in figures 3 through 10. Results of
tests of the wing-fuselage-tall combination with wing léading-edge chord
extensions are presented in figures 11 through 18.

e



6 . NACA RM AS5I29

- Wing=Fuselage Combinatilon

Figure 3 shows the effect of the leading-edge chord extensions on
the longitudinal characteristics of the wing-fuselage combination at a
Mach mumber of 0.25 end s Reynolds mumber of 8 million. The addition of
the chord extensions iIncreased the lift-curve slope in about the same
proportilon the wing area was Incressed and resulied in small increases
in the 1ift coefficient at which large changes in static=longltudinal
gtability first occurred. The extension from 0.60 semispan to the tip
reduced the magnitude of these stability changes at high 1lift coefficlents.
Figures 4 through 7 show the effect of the leading-edge extensions on the
longitudinal characteristics of the wing~fuselage combination at Mach
numbers up to 0.92 and at a Reynolds number of 2 million.. As was the case
at low speed and high Reynolds number, the extensions generally increased
the lift-curve slopes at the higher lift coefficients (fig. 4) and less-
ened the severity of the changes in pitching moment with increaging 1lift
coefficient (fig. 5). At most Mach numbers, the shorter chord extensionm,
from 0.60 semispan to. the tip, did not have much effect on the 1ift coef- §
ficient at which these changes occurred; however, the longer extension, -
0.45 semispan to the tip, reduced the 1ift coefficient for instability
at Mach numbers from 0.60 to 0.83. The effect of the leading-edge exten~
slons on the drag and the lift~drag ratios of the comblnation are shown ‘o
in figures 6 and 7, respectively. The extensions increased drag slightly
at low and moderate 1ift coefficlents, but reduced drag at the higher 11ft
coefficients.

The effect of the leading-edge extension from 0.60 b/2 to the tip
on the longltudinsl characterigtics of the combinstion are compared in
figure 8 with the effect of the best arrangement of fences previously
tegted on this wing and reported in reference 3. Both devices increased
the lift-curve slopes of the combination at high 1ift coefficients
(fig. 8(a)). For the wing with leading-edge extensions these increases
were due, at least in.pert, to the increased wing area. The addition of
fences improved the stabllity of the combination to & much greater degree
than did the leading-edge extension, both in regard to increasing the lift
coefflcient at which abrupt changes in stability occurred and in reducing
the magnitude of these changes (fig. 8(b)). Drag penalties associated
with the fences at low and moderate 11ft coefficients usually were slightly
higher than those for the leading-edge extension (fig. 8(c)). This is
shown more clearly by the lift-drag ratlios which are compared in
figure 8(d).

Effects of Mach number.- The effects of Mach number on the 1ift and —
pitching~moment curve slopes at a 1lift ccefficlent of O.4t are shown in _ ..
figure 9 for the wing~fuselage combination with the ummodified wing, the ~
wing with leading-edge chord extensions, and the wing with the best fences
found 1n the investlgatlon reported in reference 3. The 1ift character-
istics of the model with the leadlng~edge extensions or fences were less T
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affected by increasing Mach number than those of the combination with the
unmodified wing; however, lncreasing Mach number caused more pronounced
and veried changes in the stabillity of the combination with either leading-
edge extension than for the combination with the unmodified wing or the
wing with fences. TFigure 10 shows the effect of Mach number on the dreg
coefficients of the wing-fuselage cambination for several constant 1ift
coefficients. The Mach numbers for drag divergence (defined as the Mach
mumber at which dCp/dM = 0.10) of the combination were only slightly
affected by the addition of leading-edge extensions or wing fences. These
values of drag-divergence Mach number and the corresponding drag coeffi-
clents are compared with those for the combination with the unmodified
wing In the following tables:

M for drag divergence
C -
T, Leading-edge Leading~edge
Unmodified | extension from | extension from {Wing with
wing 0.45 b/2 to tip|0.60 b/2 to tip| Tences
0.20 0.9L 0.90 0.89 0.90
RiTe .84 .86 .8k .86
.50 82 8k .82 .84
.60 .81 .82 .80 .82
CDdivergence
c Leading-edge Leading-edge
T . ng g-~ecg .
Unmodified | extension from| extension from | Wing with
wing . 10.45 b/2 to tip]0.60 b/2 to tip| fences
0.20 0.0190 0.0185 0.0190 0.0200
.40 .0235 .0238 0232 .0250
.50 .0265 .0292 .0273 .0295
.60 .0330 .0348 .0340 .0365
The effect of Mach number on the maximum lift-drag ratios and the 1ift

coefficients for maximum lift-drag ratio are shown for the various wing
modifications in figure 10.

Effects of Reynolds number .- A comparison of the data of figure 3
with the data in figures 4, 5, and 6 indicates that increasing Reynolds
number from 2 million to 8 million had a large effect on the longitudinal
characteristics of the wing-fuselage combination at a Mach number of 0.25.
It is possible that the test results at higher Mach numbers may have been
affected by the comparatively low Reynolds number (2 million) at which
they were obtained. Caution should be exercised in applying these resgults
to the prediction of the cheracteristics of a full~scale alrplane.
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Wing-Fuselage-Tail Combination

The wing-fuselage-tail combination was tested with both leading-edge
extensiong apd the results are compared with those for the unmodified com-
bination in figure 11. TFigure 12 shows the effect of the leading~edge
extensions on the pitching=moment contribution of the horizontal tail.
Figures 13 and 14 summarize the effects of the extensions on the longi-
tudinal characteristics of the model and compare these effects with those
of the best arrangement of fences found In the Investigation of refer-
ence 3. The cross plots in figures 13 and 1Lk are from the dasta presented
in figures 11 and 15. Figure 15 shows, for several tall angles of lncl-
dence, the longitudinsl characteristics of the model wlth the leading-edge
extension from 0.60 semlspan to the tip.

A comparison of the data in figures 8 and 11 shows that the effect
of the extensions on the longitudinal characteristics of the wing-fuselage-~
tail cowbination was generally similar to the effect of the extensions
on the model without the tail. At low speed and up to moderate 1ift coef-
ficients at high speeds the exbtenslons did not significantly sffect the
tall contribution to stability (fig. 12); however, the extensions, except
at a Mach number of 0.80, incressed the 1ift coefficlent at which large
changes 1n stability first occurred and reduced the magnitude of these
changes at all Mach numbers (fig. 11).

¥

Effects of Mach number.- Flgure 13 shows the varlation with Mach
number of the slopes of the 1ift and piltching-moment curves of the wing=
fuselage~taill combination with the unmodified wing, with chord extensions,
and wlth the begt fences reported in referénce 3. The slope of the
pltching-moment curve of the combinatlon with either the chord extension
or the fences appeared to be less affected by increasing Mach number than
the slope for the model with the unmodified wing. The effect of Mach
number on the drag coefficients of the combinastion with and wilthout the_
extension from 0.60 semigpan to the tip are shown in figure 1L. Although
the available data for the unmodified wing were meager, the extension had
no apparent effect on the Mach numbers for drag divergence.

Lift-drag-ratio comparisons.- Figure 16 shows .the variation with Mach
number of the lift-drag ratio, the corresponding taill-incidence angle,
and 11ft coefficlent for a hypothetical alrplame in level flight at — __
40,000 feet. Tail-incidence sngles and lift-drag ratios are compsred for
the alrplane wlth the urmmodified wing of the subject investigatlon which
used the NACA 644 thickness distribution, this wing with the leading-edge
extension from 0.60 b/2 to the €ip and this wing wlth its best fence
arrangement (see ref. 3). Also included in this comparison are dsta from
the Investigation reported in reference 2. The model used in this investi-
gation was silmilar to the model of the subject investigation except that
the wing had the NACA four-digit thickness distribution. The results
shown for this model sre for the best arrangement of fences. It was
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assumed that the airplane had a wing loading of 75 pounds per square foot
and that the center of gravity was at the quarter point of the mean aero-
dynsmic chord of the unmodified wing. It was also assumed that the air-
plane with the unmodified 64A wing trimmed at the same tail-incidence
angles as with the 64A wing with fences. The lift-drag ratios of the
airplane using the 64A wing with the extension from 0.60 semispan to the
tip were equal at subcritlcal speeds to those of the airplane with the
unmodified 6UA wing and were slightly higher than those of the unmodifiled
alrplane at supercritical speeds; by comparison, the best arrangement of
fences found in the Investigation of reference 3 reduced the lift-drag
ratio about 8 percent at Mach numbers from 0.70 to 0.86. It is of interest
to note that at supercritical speeds, the ¢ombination using the four-digit
wing with fences had higher 1ift- dr&g ratios than any of thé 6MA configura-
tions. At least part of the lift-drag superiority of the couwbination '
using the 64A wing with the leading-edge extension or the four-digit wing
with fences wae due to the comparatively low tall-incidence angles required
to trim these combinations.

Longitudinal characteristics of the wing-fuselage-tail combination.=-
The combination with the extension from 0.60 semlspan to the tip was
tested with a horizontal tail at several angles of incidence to determine
the effect of the tail on the longltudinal characterlstics and the effec-
tiveness of the tail as a longitudinal control. The results of these
tests are shown by the 1ift, drag, and pitching-moment data in figure 15.
These date show that at most Mach numbers, the addition of the tail had
only smell effect on the 1ift and drag of the combination. The 1ift coef-
ficlents at which large changes in longitudinal stability first occurred
were usually slightly larger with the tail than without it.

The factors which determine the tail contrilbution tc¢ the stability
are shown in flgure 17 as a functlion of angle of attack for several test
conditions. The method used to calculate the effective downwash angle
€, the tail efficlency factor mn4(qy/q), and the ratio of the lift-curve
slope for the isolated tell to the lift-=curve slope of the wing-fuselage
combination a4/e.,y was the same as that described in reference 2. The
results of these calculations show that the reductions in pitching-moment
variations at moderate 1ift coefficients with the tail on were mosfly:-due
to an increase in the factor at/ay.t with increasing 1ift coefficient,
in s wanner which offset the reduction in stability of the wing-fuselage
combingtion. This was true at most Mach numbers. At the higher 1ift
coefficients and at a Reynolds number of 2'million, the rate of change
of downwash with angle of attack and the tail efficiency factors were
usually higher for the combination with the unmodified wing than for the
combination with the extension. Figure 18 shows the variation with Mach *
number of the tail control effectiveness parameter OCm/dit and the- :
Tactors affecting the stabllity contribution of the horizontal tail. Tail
control effectiveness increased moderately with increasing Mach number
and was slightly larger for the model with the unmodified wing than for
the model with the leading-edge extension.
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comCLmSIONS® - - -

A wind~tunnel investigation has been made of a wing-fuselage and &’
wing-fuselage-tail combinstion having leading-edge extensions on a Lo°
sweptback wing. The unmodified wing had an agpect ratio of 7.0 and NACA
644 thicknéss distribution.” The following conclusions were indicated:

1. The addition of a leading-edge exbehpion from O.60 semispan to
the wing tip eliminated large changes in longitudinal stability of the
wing~fuselage-tail combinaticn up to 1lift coefficients in excess of 1.0
at low speeds and resulted in slight incresses In the 1lift coefficients
at which large changes in gtability occurred at high subcritical and
gupercritical speeds. In this regard, the chord extension was not so
effective as the best comblnation of w1ng fences prev1ously tested on
the wmg . - p— . ——— e —— L — - _ __

2. The chord extension did not decrease the trim lift-drag ratios—
of the wing-~fuselage-tail combination at high subcritical speeds and
increased them sllightly at supercritical speeds, whereas the fences caused
about an 8-percent’ decrease in lift-drag ratio at Mach numbers frou 0.70
ta 0.86. As was the case with the wing fences, addition of the chord
extension had only simall effect .on the Mach numbers for drag divergence.

3. The leadlng-edge extenslons had little effect on the tail contri-
bution to stebility at low speed and at moderate lift coefficients at
high speed.

Ames Aeronautlcal IL&bOFatory _
National Advisory Commlttee for Aeronautics
Moffett Field, Calif., Sept. 29, 1955
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TABLE I.~ FUSELAGE COCRDINATES _
Distence from nose, | Radius, | Distance from nose, | Radius
in. in. in. in.
0 0 60,00 5,00
1.27 1.04 70.00 5.00
2.54 1.57 76.00 L.96
5.08 2.35 82.00 4.83
10.16 3.36 88.00 k.61
20.31 b hh 94.00 4.o7
3047 4 .90 100.00 3.77
3944 5.00 106.00 3.03
50.00 5.00 126.00 0
TABLE IT.- CORRECTIONS TC DATA .
(a) Corrections for constriction effects
Cdri:'-ected' ' Uncorrected Qeorrected -
Mach number | Mach number | Yyncorrected
0.25 0.250 1.003
.60 <599 1.006
80 793 1.0610
.83 .821 1.012
.86 .848 1.015
.88 .866 1.017
90 .883 1.020
g2 899 1.02k
(b) Corrections for tummnel-wall interference
N = 0.455CT,
ACp = 0.00662C1 2
BOmias1 ofr = K1Cliai1 ofr
' SCm
mig1l on = chLtail off ~ .[(Kathail off - L) .éi_t}
where: |
M Ky Ko
0.2510.0027[0.72
60| .0038| Tk
.T0| .o0u3| .76
801 0049 .79
.83] .0050| .80
.86| .0053| .83
.88f .o054| .8k
90| .0056| .86
92| .0057| .8
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See figure (b}
for details of leading-

Notes:

(I} Unmodified wing sections perpendicular
fo the sweep axis have NACA 64A
thickness distributions combined with
an NACA ar=0.8 (modified) mean line, 604
{2} Horizontal-taii sections perpendicular
to the sweep axis have NACA 00I0
thickness distributions.
{31 All dimensions in inches.

2535 5
k.7

16.56 4

-

ié' :

I 1042 ot
See table I for
fuselage coordinafes,/ rz-“ Hinge oxis

126.00

Leading-edge extension from 0.60%
(a) Dimensions.

Figure 1.~ Geometry of the model.
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*TIS c]‘ c' : j

le— 52 ¢'—»

The mean line 'for the leading-edge extension
(a= 0.8, c|i=0.3|) fairs into the original mean
line (a=0.8, ¢=0.4) at the point of zero slope.

Mean-line modification

Profiles for the leading-edge extensions fair into
the original wing at approximately 40 percent of
the original chord and are similar to the forward
portion of the original section except for reduced
thickness ratio aond leading-edge radii.

. - /' _ ~— .
S —
‘—‘.IS c'LOriginal leading edge

Typical modified section

(b) Deteils of leading-edge extension.

Figure 1.- Continued.
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Thickness ratio, '

.
n

it

# 11

2 3 4 S 6 7

Fraction of semispan, 9
(e¢) Distribution of twist and thicknese ratio.

Figure 1.~ Concluded.
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Figure 2.~ Photographs of the model.
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L4 Unmodified wing
Leading-edge extension from 0.45%
Leading-edge axtension from 0,609,

WO OO

™
[

~5 0 5 0 15 20 20 5 Jo 0% 0 05 0 a5 =20

a o 02 O04 .06 .08 0o 2 .4 Cm
Cp

Figure 3.~ The effect of leading-edge extensions on the longitudinal characteristies of the
wing~fuselage combinetion; M = 0.25, R = §,000,000.
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“ Unflagged symbols: Unmodified wing
2 Flogged symbols: Leading-edge extension from 045 5%
b :F
I‘c ! 1 H .E:
= 1
8
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"X 16 20" (For M=025)

(a) Leading-edge extension from 0.45 b/2 to tip.

Figure L.~ The effect of leading-edge extensions on the lift characteristics of the wing-fuselage
combination at several Mach mumbers; R = 2,000,000.
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(a) Leading-edge extension from 0.45 b/2 to tip.

Flgure 5.~ The effect of leading~edge extensions on the pltching-moment characteristics of the
wing-fuselage combination at seversl Mach mumbers; R = 2,000,000.
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(b) Leading-edge extension from 0.60 b/2 to tip.

Figure 5.~ Concluded.
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(2) Leading-edge extension from 0.45 b/2 to tip.

Figure 6.- The effect of leading-edge extensions on the drag characteristice of the wing-fuselage
combination at several Mach mmbers; R = 2,000,000.
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Figure 6.~ Concluded.
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Figure T.~ The effect of leading-edge extensions on the lift~dreg ratios of the wilng-fuselage
cambination at several Mach numberg.
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Figure 8.~ Comparison of the effect of a leading-edge extemsion and wing fences on the
longitudinal characteristlcs of the wing-fuselage combination.
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(v) Pitching moment.

Figure 8.- Continued.
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Figure 8.~ Concluded.
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Flgure 9.~ The variation with Mach number of the slopes of the 11ft and
pitching-moment curves of the wing-fuselage combination with and without
leading-edge extensions and wing fences; Cr, = 0.40, R = 2,000,000,
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Figure 10.~ The variation with Mach number of the drag coefficients and
the maximum lift-drag ratios of the wing-fuselage cowmbination with
and without leading-edge extensions and wing fences; R = 2,000,000.
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(b) Pitching wmoment.

Figure 11.- Continued.
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Figure 12.~ The effect of leading-edge extepsions on theapitching—moment contribution of the

horizontel tall; iy = =O

62TCEY WH YOV

Gt




36 - NACA RM A55I29

@ Unmodified wing
' —— Leading-edge extension from 0.60 % : i
—— Fences at 033, .50,.70,.85 % (ref 3) HHHHTH
A2 £ ERJIE
0 e
08 HEHE
O+ f+f FEEEERH Y
06 H b :
| I
04
02 H
_ EFEF
o}
-04 it P
-03 :
dCm
4Gy i
-02 H e NS NARRAERAE S
B T EaE=aRat iR TEFFHEr f
-0l T Litd ek
o] i 2 3 A 5 ) 7 8 9 s}

Figure 13.~ The variation with Mach number of the 1ift and pitching-
moment curve slopes of the wing~fuselage=~tall cowbination wi'bh and
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Figure 1k.- The variation with Mach number of the drag coefficlents of
the W:Lng-fuselage-"gail combination with and without a leadlng-edge
extension; iy = -8, R = 2,000,000.
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Flgure 15.~ The longltudinal characterlstics of the combination with a leading-edge extension
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