
UNCLASSIFIED

AD NUMBER
AD094328

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:
Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 23 MAY
1956. Other requests shall be referred to
National Aeronautics and Space
Administration, Washington, DC.

AUTHORITY
28 Oct 1960, NACA Research Memo. L56C14; 6
Nov 2006, NACA TR Website

THIS PAGE IS UNCLASSIFIED



CONsFID EN L

Arme ervices nica n 0rna ion Agency
Reproduced by

DOCUMENT SERVICE CENTER
KNOTT BUILDING,- DAYTON, 2, OHIO

This document is the property of the United States Government. It is furnished for the du-
ration of the contract and shall be returned when no longer required, or upon recal1 by ASTIA
to the following address: Armed Services Technical Information Agency,
Document Service Center, Knott Building, Dayton 2# Ohio.

NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA

REMD FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED

GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE

GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY

IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER

PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE,

USE OR SELL ANY PATENTED INVENTION TRAT MAY IN ANY WAY BE RELATED THERETO.

CON FI EENIAL



fjl
I 

I

* /

NOTICE: THIS DOCUMENT CONTAINS INFORMATION AFFECTIN3 THE

NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING

SOF THE ESPIONAGE LAWS, TITLE 18, U.S.C., SECTIONS 793 and 794.

THE TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN

ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW.

-



CONFIDENTIAL Copy 27RM L56C14

Y IN

-isr

Nw*

RESEARCH MEMORANDUM

EFFECT OF LEADING-EDGE DROOP

ON THE AERODYNAMIC AND LOADING CHARACTERISTICS OF A
i

4-PERCENT-THICK UNSWEPT-WING-FUSE LAGE

COMBINATION AT TRANSONIC SPEEDS

By James W. Schmeer

Langley Aeronautical Laboratory
Langley Field, Va.

CLASSIFIED DOCUMENT

This material contains information affecting the National Defense of the United States within the meaning
of the espionage laws, Title 18, U.S.C., Secs. 793 and 794, the transmission or revelation of which in any
manner to an unauthorized person Is prohibited by law.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
May 23, 1956

CONFIDENTIAL
Y 3 1 56AA 25778



C
NACA RA L56C14 CONFIDENTIAL

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUA

EFFECT OF LEADING-EDGE DROOP

ON THE AERODYNAMIC AND LOADING CHARACTERISTICS OF A

4-PERCENT-THICK UNSWEPT-WING-FUSELAGE

COMBINATION AT TRANSONIC SPEEDS

By James W. Schmeer

SUMMARY

An investigation was conducted in the Langley 16-foot transonic
tunnel to determine the effects of leading-edge droop on the aerodynamic
and loading characteristics of an unswept wing with a taper ratio of 0.5,
an aspect ratio of 4., and NACA 65AO04 airfoil sections parallel to the
plane of symetry. The leading edge of the wing was drooped both 60 and
100 about the 17-percent-chord line, full span. Force, moment, and pres-
sure measurements were obtained at Mach numbers from 0.60 to 1.05 and
angles of attack, depending on Mach number, from approximately 00 to 160.
The Reynolds number, ased on the mean aerodynamic chord, varied from
4.6 x106 to 6.3 x 100.

The results indicate that, below a Mach number of 0.94, leading-edge
droop delayed the onset of leading-edge separation and moved the main
wing-compression shock rearward. The maximum lift-drag ratio of the basic
wing at a Mach number of 0.60 was increased by 41 percent with 60 leading-
edge deflection and by 71 percent with 100 deflection. These gains in lift-
drag ratio decreased rapidly with increasing speed and both 60 and 100
deflection reduced the maximum lift-drag ratio above Mach numbers of about
0.85 and 0.78, respectively.

Leading-edge deflection had small effect on the spanwise location of
the center of load. The maximum normal load on the wing leading edge (as
indicated at two spanwise stations) increased with increasing deflection
at a Mach number of 0.60, but with increasing Mach number to about 0.90
and above, the undeflected leading edge carried the higher loads. At low
angles of attack, the longitudinal location of the center of load was
shifted considerably rearward by leading-edge droop, especially at the
higher Mach numbers.
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INTRODUCTION

Although the effects of leading-edge droop on the aerodynamic and
loading characteristics of swept wings at high subsonic and transonic
speeds have been investigated (refs. 1 to 4), little information is
available concerning the effects of droop on the characteristics of
unswept wings in this speed range. Furthermore, the results of an inves-
tigation using a small-scale two-dimensional model (ref. 5) bas evoked
interest in leading-edge droop as a means of reducing the large pressure
pulsations associated with leading-edge flow separation on thin unswept
wings. Accordingly, then, the present investigation employing a thin
unswept wing with leading-edge droop was conducted in the Langley 16-foot
transonic tunnel with a twofold purpose: first, to determine the effects
of droop on the steady-state aerodynamic and loading characteristics and,
second, to evaluate the effects on the fluctuating loads on a three-
dimensional wing. The results of the steady-state aerodynamic and loads
investigation are presented in this paper.

The basic wing of this investigation has zero sweep of the 0.50-chord
line, a taper ratio of 0.5, an aspect ratio of 4, and NACA 65AO04 airfoil
sections parallel to the plane of symmetry. The leading edge of the wing
was drooped about the 0.17-chord line, full span.

Data were obtained with the leading edge deflected both 60 and lo
through a Mach number range of 0.60 to 1.05 and angles of attack, depending
on Mach number, from about 00 to 160. The Reynolds number based on the
mean aerodynamic chord varied from 4.6 x 106 to 6.3 x 106. The data for
the basic (undrooped) wing, presented in reference 6, are included herein
for comparison purposes. Also included are some ink-flow pictures illus-
trating the flow on the upper surface of the basic wing and on the wing
with 60 leading-edge droop.

SYMBOLS

b wing span

b' span of wing panels from 15.9-percent-semispan stations

to tips, 57.51 in.

c local wing chord

cf leading-edge chord, 0.17c

c ' mean aerodynamic chord

CONFIDENTIAL



2 CONFIDENTIAL NACA IRM L56C14
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Although the effects of leading-edge droop on the aerodynamic and
loading characteristics of swept wings at high subsonic and transonic
speeds have been investigated (refs. 1 to 4), little information is
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line, a taper ratio of 0.5, an aspect ratio of 4, and NACA 65AO4 airfoil
sections parallel to the plane of symmetry. The leading edge of the wing
was drooped about the 0.17-chord line, full span.
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through a Mach number range of 0.60 to 1.05 and angles of attack, depending
on Mach number, from about 00 to 160. The Reynolds number based on the
mean aerodynamic chord varied from 4. 6 x l06 to 6.3 x lO6. The data for
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average wing chord

CBM wing-panel bending-moment coefficient,
4(Bending moment of wing panel outboard of
\ 5.9-percent-semispan station

qS'b'

CD drag coefficient, Drag

CL lift coefficient, q$

Pitching moment about c'/4
CM pitching-moment coefficient, qScl

1l.0

cn section normal-force coefficient, P" Pu) d I0
cn c section normal-load coefficient

cnf section normal-force coefficient for forward 17 percent

of wing, flO Pu d -

ch  section hinge-moment coefficient about 0.17c,
.0.o ( - o(i.o - L)d -L

model normal-force coefficient, Model normal forceCN JqS

CN '  estimated normal-force coefficient of wing panel outboard

of 15.9-percent-semispan station, O.
815CN Sr

(L/D)max maximum lift-drag ratio

M free-stream Mach number
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P pressure coefficient, 
p  W

p local static pressure

Pb -

Pb basepressure coefficient, b

Pb static pressure at base of fuselage

Pcr critical pressure coefficient

p free-stream static pressure

q free-stream dynamic pressure

R Reynolds number based on c'

S wing area

S' wing-panel area outboard of 15.9-percent-semispan station,
6.482 sq ft

x longitudinal distance measured from wing leading edge at
any given spanwise station

y lateral distance measured perpendicular to plane of symmetry

lateral distance from 15.9-percent-semispan station to
wing-panel center of loading

b'/2 spanwise center of load parameter, CBM/ON'

ACD  total drag coefficient minus drag coefficient for
basic wing configuration at zero lift

'CD drag-due-to-lift parameter, 'average value from
dCL2  CL - 0.1 to 0.4

Mmodel angle of attack (fuselage reference line), deg

meridian angle from top of fuselage (looking forward), deg
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Subscripts:

u upper

lower

MODEL AND APPARATUS

Model

The steel wing was mounted on the fuselage in a midwing position
and had no geometric incidence, twist, or dihedral. Leading-edge droop
was obtained by cutting the wing at the 17-percent-chord line and
inserting one of two sets of steel splines which were preset to give 60
and 100 deflections. The downward deflection of the leading edge caused
a gap on the upper surface; this gap was filled and faired so as to
minimize the fairly abrupt change in curvature. The fuselage consists
of a cylindrical body of revolution, an ogive nose, and a slightly boat-,
tailed afterbody. A photograph of the model is shown in figure 1 and
the geometric details, including a table of fuselage coordinates, are
given in figure 2.

Instrumentation

The overall forces and moments on the model were measured by means
of a six-component internal strain-gage balance. In addition, the wing-
panel bending moments were obtained from a calibrated strain-gage instal-
lation mounted at the 15.9-percent-semispan station on the left wing
(fig. 2).

Chordwise pressure distributions on the wing were obtained from
pressure orifices located at three spanwise stations. At the innermost
station, the orifices were located on the fuselage about 1/16 inch from
the basic wing surface. Thus, when the leading edge was deflected, the
orifices for the forward 17 percent at this station were no longer
properly located with respect to the wing surfaces and were disregarded.
Fuselage pressure measurements were obtained from pressure orifices at
two radial stations at any given axial position. The wing and fuselage
pressure-orifice locations are given in figure 2.

The model -base pressures were measured at two orifices mounted
flush with the internal surface 6f the fuselage about 2 inches from the
fuselage base.

The tests -ere conducted in the Langley 16-foot transonic tunnel

which has been described in reference 7.
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TESTS

Simultaneous measurements of the model forces, moments, and pressures
were obtained for the Mach number and angle-of-attack range given in the
following table:

Mach number Approximate angle-of-attack range,
deg

0.60 0.3 to 16.1
.80 -3 to 16.4
.85 .3 to 16.6
.90 .3 to 16.9
.94 .3 to 13.0
.98 .3 to 13.0

1.00 .3 to 13.0
1.03 .3 to 10.8
1.05 .3 to i0.8

The variation with Mach number of the test Reynolds number (based
on wing mean aerodynamic chord) is given in figure 3.

In order to facilitate comparison of the pressure data for the wing
with deflected leading edges with that for the basic wing (ref. 6), an
attempt was made to duplicate the angles of attack at each Mach number.
In general, the angles of attack were repeated within 0.10, with slightly
greater deviations occurring at the higher angles of attack.

As an aid to visualizing the effects of leading-edge deflection on
the flow pattern, some ink-flow pictures were obtained for the basic wing
and the wing with 60 leading-edge droop. The ink-flow technique consisted
simply of emitting a free-flwing dark-colored liquid from f6ur orifices
near the leading edge of the wing and photographing the resulting flow
patterns. Both still pictures and motion pictures were obtained at
representative Mach numbers through an angle-of-attack range from 00 to
an upper limit imposed by the sting support system. Further discussion
of this technique may be found in references 4 and 8.

REDUCTION OF DATA AND ACCURACY

The forces and moments were reduced to coefficient form based on the
geometry of the basic wing. In general, the total wing geometry was used;
however, several coefficients were based on the geometry of the wing panel

COM'IDENTIAL
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outboard of the 15.9-percent-semispa statior, namely: wing-panel bending-
moment coefficient, wing-panel normalfor-e coefficient, and lateral center-
of-load coefficient. In addition, the sec-tiom hinge-moment coefficient
about 0.17c and the section normal-force coefficient for the forward
17 percent of the wing were based on the c-ord of the drooped leading
edge.

The lift and drag coefficients have been adjusted to a condition
of free-stream static pressure at the base of the fuselage; base pressure
coefficients for the three configurations exe presented in figure 4. No
other corrections have been applied to the force and moment coefficients
for the effects of sting interference or timnel boundary interference.
These effects arebelieved to be small (for example, see ref. 9) and
furthermore, for a given set of test conditions, to remain nearly constant
for the basic wing and the wing with deflected leading edges; therefore,
the comparisons made herein should be valid regardless of the magnitude
of interference effects.

The accuracy of the basic force, momert, aad pressure coefficients

is believed to be within the following limi-ts:

CL ........ . ............. ........................ 0.01

CD -
At low lift coefficients .. ............ . . . . . . . . . .+0.001
At high lift coefficients .......... . . .......... O.003

P . . . . ... . . . . . . . . . . . . . . .. . . .o......0.002

RESULTS

Comparisons of wing and fuselage pressuae-coefficient distributions
for the basic wing and the wing with 60 and M0o deflected leading edge
are presented in figures 5 and 6. The coeffticie-ts of lift, drag, pitching
moment, and wing-panel bending moment are coxTaxed in figures 7 to 10.
Summary drag and lift-drag characteristics a3e ]presented in fig-
ures 11 to 14. The effects of leading-edge droop on the center-of-load
location and on the loading characteristics are presented in fig-
ures 15 to 19. Ink-flow pictures presented in figure 20 illustrate the
flow pattern on the upper surface of the basic wing and the wing with
60 leading-edge droop at representative Mach nuirbers and angles of attack.

CONFIDENTIAL
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DISCUSSION

Aerodynamic Characteristics

Flow characteristics.- Inasmuch as the general flow characteristics
of the basic wing have been discussed in reference 6, the following
discussion will be limited to significant differences attributable to
leading-edge droop and the relative effects of the two deflection angles.
The results of the present tests indicate a somewhat natural division of
the effects of leading-edge droop into three Mach number regions. First,
the effects at a Mach number of 0.60 are restricted to a delay in leading-
edge separation and are probably representative of the subcritical speed
range. Second, the effects at Mach numbers of approximately 0.80 to 0.90
are closely associated with changes in the location of the main compression
shock on the wing, as well as leading-edge separation. Third, the effects
of droop above a Mach number of about 0.94 are not significant.

The pressure-coefficient distribution at a Mach number of 0.60, fig-
ure 5(a), shows leading-edge separation on the basic wing at an angle of
attack of 9.00 whereas both the 60 and 100 deflected leading edges maintain
high negative pressure peaks and good pressure recovery at this angle of
attack. With increasing angle of attack, starting on the inboard sections,
separation occurs first on the 60 drooped leading edge and then at somewhat
higher angles of attack on the 100 drooped leading edge. At CL = 16.10,
extensive separation exists on the wings with drooped leading edges and
except for a small area near the leading edge on the outboard sections, the
distributions are practically identical to those of the basic wing.

As was the case at a Mach number of 0.60, leading-edge droop delays
leading-edge separation in the Mach number. range of approximately 0.80
to 0.90. This delay in separation, shown in figure 5(b) at a Mach number
of 0.80 (see a = 9.3 and 15.40) can also be seen by comparing the ink-
flow pictures for the basic wing and the wing with 60 deflection at angles
of attack of about 9.20 and 13.40 (figs. 20(a) and 20(b)). Similarly,
the pressure-coefficient distributions and ink-flow pictures at the higher
angles of attack for a Mach. number of 0.85 (figs. 5(c), 20(c), and 20(d))
illustrate the delay in leading-edge separation.

The effects of leading-edge droop on separation have been shown to be
similar for subcritical speeds'up to Mach numbers of about 0.90. However,
in the higher part of this speed range (M = 0.80 to 0.90), extensive areas
of supersonic velocities exist on the upper surface of the wing and an
additional large effect of leading-edge droop is evident. This effect
consists of a flat, highly negative pressure distribution beginning at
the drooped leading-edge hinge line (O.17c) and extending rearward to the
main wing shock wave. This region of high-velocity flow is due to expansion
around the fairly abrupt change in curvature of the upper surface and is

CONFIDENTIAL
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similar to the region of high-velocity flow which starts at the leading
edge of the basic wing and also terminates at the main wing shock. This
main wing shock, then, occurs further rearward on the wing with deflected
leading edge as can be seen, for example, in the pressure-coefficient
distribution and ink-flow pictures at a Mach number of 0.80 and an angle
of attack of 50 (figs. 5(b), 20(a), and 20(b)). Generally, the level of
this flat pressure distribution is more negative for the 100 deflected
leading edge as compared with the 60 deflection and the main shock wave
is more rearward, although at a Mach number of 0.90 the differences
decrease, especially at the higher angles of attack.

At Mach numbers of 0.94 and above, the pressure distributions
(figs. 5(e) to 5(h)) show the effects of leading-edge droop to be small
.(except, of course, for the usual reversal of pressures on the leading
edge at low angles of attack). At these speeds, the main wing shock
has reached the vicinity of the trailing edge. Thus, the primary
disturbances on the wing surface are two fairly weak oblique shock waves
(ref. 6), one originating in the vicinity of the fuselage-wing leading-
edge juncture and the other at the wing tip; both of these shocks appear
to be relatively unaffected by leading-edge droop, especially at moderate
and high angles of attack. The ink-flow pictures at M = 0.94
(figs. 20(g) and 20(f)) indicate the similarity of the flow patterns for
the basic wing and the wing with 60 leading-edge droop. At Mach numbers
of 0.98 and 1.0, the flow patterns for the basic wing (fig. 19(h)) are
essentially identical to those for the wing with 60 droop, so the latter
have been omitted.

The effects of leading-edge deflection on the body pressures
= 00 and 1800) were generally small except whenever droop delayed

extensive separation on the inboard sections of the wing. At this
condition, the effects of droop were carried over the upper surface of
the body and separation was delayed, similar to the bffect on the inboard
sections of the wing. For example, see the pressure-coefficient distri-
butions at M = 0.85 and m = 11.40, figure 5(c) (wing) and figure 6 (a)
(fuselage).

Lift characteristics.- The lift curves of figure 7 show that both
60 and 100 leading-edge droop increased the lift coefficient at high angles
of attack in the Mach number range of 0.60 to 0.90; 100 deflection provided
the largest gains, amounting to about 0.2 in CL at M = 0.90. At a Mach
number of 0.60, the increased lift is due to the delay in leading-edge
separation as shown in figure 5(a). With increasing Mach number up to about
0.90, the area of high-velocity flow between the hinge line of the drooped
leading edge and the main wing shock wave which occurred further rearward
for the wing with deflected leading edge (see figs. 5(b), 5(c), and 5(d)),
also increases the lift at the higher angles of attack. At a Mach number
of 0.94 and above, there was no indication of extensive separation on the

CONFIDENTIAL
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basic wing and the main wing shock was located near the trailing edge;
thus, no improvements were obtained from leading-edge deflection. In
fact, due to the loss of lift on the deflected leading edge, CL was
decreased through most of the angle-of-attack range at these speeds.

Drag characteristics.- The drag polars are presented in figure 8
and drag coefficient at constant values of lift coefficient is plotted
against Mach number in figure 11. In the latter figure, it can be seen
that the penalty in zero-lift drag caused by deflecting the leading edge
generally increases with Mach number. Increasing the deflection from 60
to 100 causes larger increases in zero-lift drag than the initial deflec-
tion from basic to 60. At moderate to high values of C , both deflections
reduce the drag at the lower Mach numbers. With increasing Mach number,
increasingly higher values of CL are required in order to obtain any
drag benefits.

The reductions in drag at lifting conditions appear to be due mainly
to reduced chord force since the lift-curve slopes were not much affected
by droop and thus the drag component of the normal force (ltL) was not

significantly changed. The reduction in chord force at the lower Mach
numbers is evident in the pressure-coefficient distributions of figure 5,
which show that droop maintained negative leading-edge pressure peaks to
higher angles of attack with a resultant better pressure recovery at the
trailing edge. The reason for the reduction in chord force at Mach numbers
greater than 0.90 for the higher angles of attack is not obvious from the
pressure distributions of figure 5, which shows lower negative pressure
peaks on the deflected leading edges and nearly identical pressure recovery
over the trailing edges. However, the deflected leading edge has greater
projected frontal area so that negative pressures on the upper surface
(even though of lower value than for the basic) can have a greater thrust
component. Similarly, a positive pressure on the loVer surface will have
a smaller drag component; in fact, the 100 deflected leading edge receives
some thrust.

A drag-due-to-lift parameter was obtained from the slopes of hCD

plotted against CL2 . These curves were quite linear at all test Mach

numbers through a CL range from slightly higher than zero up to about

0.4. The results, presented in figure 12, show that, at M = 0.60, the
60 deflection decreased the drag-due-to-lift parameter by over 40 percent
and the 100 deflection by over 50 percent. At this speed, the drag-due-
to-lift parameter for the wing with 100 droop approaches the theoretical
minimum for this wing plan form as defined by I/A. With increasing Mach
number, the reduction due to 60 deflection decreased to about 18 percent
at M = 1.05 while the reduction due to 100 deflection decreased with
speed up to M = 0.94 and then increased again to about 45 percent at
M = 1.05.

CONFIDENTIAL
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The maximum lift-drag ratio of the basic wing at a Mach number of
0.60 was increased by about 41 percent by 60 deflection and by about
71 percent by 100 deflection (fig. 13). However, these benefits decrease
rapidly with increasing Mach njmber and both the 60 and 100 deflections
reduce (L/D)max at Mach numbers above 0.85 and 0.78, respectively.

Also shown in figure 13 is the increase of CL for (L/D)mnx due to

leading-edge deflection.

The ratio of L/D for the wing with leading-edge droop to L/D for
the basic wing through the lift range is presented in ftre 14. As was
the case for (L/D)max, both 60 and 1O deflections greatly increased L/D
at moderate to high lift coefficients at the lower Mach numbers. For
example, at M = 0.60 and CL = 0.5, 100 droop doubles the value of L/)

for the basic wing. With increasing Dach number, however, the benefits
again decrease rapidly, with 60 deflection showing slightly better values
of L/D than the 100 deflection. Based on L/D considerations, it
appears that the deflection of the leading edge should decrease with
increasing Mach number. This same conclusion was indicated in ref-
erence 10 which showed the effects at high subsonic speeds of a
leading-edge flap on a wing of similar plan form but. different profile.

Pitching-moment characteristics.- At M = 0.60, both leading-edge
deflections provide negative pitching moments at zero lift (fig. 9).
With increasing Mach numbers up to 0.94, the value of Cm at zero lift
becomes increasingly more negative, amounting to as much as -0.07
and -0.09 for 60 and lO deflections, respectively. The deflected leading
edge does not alter the unstable tendencies of the basic wing at the lower
Mach numbers, but does delay to higher values of CL , the strong stabilizing I
break.

The data of figure 9 also indicate that the tail loads required for
trim at values of CL near cruising at the lower Mach numbers would be
less for the wing with deflected leading edge, and thus the drag benefits
discussed earlier might be increased. On the other hand, trimming out
the. large negative moments at the higher Mach numbers would probably incur
further drag penalties.

At low angles of attack, the longitudinal location of the center of
load is shown in figure 15 to be shifted considerably rearward by leading-
edge droop, especially at the higher Mach numbers. However, with increasing
angle of attack, this difference becomes negligible.

CONFIDENTIAL
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LOADING CHARACTERISTICS

Wing-Panel Loads

In order to determine the lateral center-of-load location for the
-wing ith drooped leading edges, it was assumed that the wing panel out-
board of the bending-moment gages carried a constant proportion of the
tota2L load through the Mach number and angle-of-attack range. This
assuption was found to be essentially correct for the basic wing in
refemence 6 where the ratio of wing-panel normal force to total normal
force was calculated to be 0.815. A comparison at two spanwise stations

of the normal-load parameter cn c for the basic wing and the wing with

defLected. leading edges (fig. 16)Cindicates that, except for some erratic
differences above stall conditions, the same proportion of total load
couLd be assumed for the wing with drooped leading edges. The lateral
center-of-load position was then determined from the values of bending
moment (fig. 10) measured at 0.159b/2 and the estimated wing-panel
normal force. It can be seen in figure 17 that except for lower Mach
numbers at low values of CN', the maximum difference in center-of-load
loceatior due to leading-edge droop was about 2 or 3 percent.

Additional Load on the Wing Leading Edge

In figure 18, the effect of leading-edge droop on the section normal-
force coefficient for the forward 17 percent of the wing is shown at two
semispan stations for three representative Mach numbers. The maximum
positive increment in normal load on the leading edge due to deflection
occurred at a Mach number of 0.60, as indicated in figure 18 (a). At
this speed, the maximum leading-edge loads increased with increasing
deflection. With increasing speed, the positive increment of cnf due

to deflection decreased and at a Mach number of 0.90 and above, the
leading edge of the basic wing carried the highest positive normal loads
for the angle-of-attack range tested (figs. 18(b) and 18 (c)). Also shown
in iigures 18(b) and 18(c) are the large increases in negative normal
loaods due to leading-edge deflection at low values of ON and high Mach

numbers.

The section hinge-moment coefficients about 0.17c, shown in figure 19,
follow closely the same trends as the section normal-force coefficients for
the leading edge.
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CONCLUSIONS

The results of an investigation of the effects of leading-edge droop
on the transonic aerodynamic and loading characteristics of an unSwept
wing with a taper ratio of 0.5, an aspect ratio of 4, and NACA 65A004
airfoil sections parallel to the plane of symmetry lead to the following
conclusions:

1. Leading-edge droop delayed the onset of leading-edge separation to
higher angles of attack at Mamh numbers below 0.94 and caused the main wing
compression shock wave to seek a more rearward location at Mach numbers
from 0.80 to 0.94; 100 deflection had larger effects than 60 deflection.

2. Leading-edge droop increased the maximum lift coefficient at
Mach numbers up to about 0.90; 100 deflection provided slightly greater
increases than 60 deflection.

3. Leading-edge droop decreased drag at moderate to high values of
lift coefficient with the maximum reduction occurring at a Mach number of
0.60 and decreasing with increasing Mach number; 10o deflection was more
effective at the lower Mach numbers and 60 deflection at the higher Mach
numbers.

4. Leading-edge droop increased the maximum lift-drag ratio at a Mach
number of 0.60, amounting to about a 41-percent and 71-percent increase
over that of the basic wing for the 60 and 100 deflection, respectively.
The advantage of droop decreased rapidly with increasing Mach number and
became zero at Mach numbers of approximately 0.85 and 0.78 for the 60 and
100 deflections, respectively.

5. Leading-edge droop had small effect on the spanwise location of
the center of load.

6. The maximum normal load on the wing leading edge (forward 17 per-
cent) increased with deflection at a Mach number of 0.60, but with an
increase in Mach number to about 0.90 and above, the leading edge of the
basic wing carried the highest positive normal loads.

7. At low angles of attack, the longitudinal location of the center
of load was shifted considerably rearward by leading-edge droop, espe-
cially at the higher Mach numbers.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va., February 23, 1956.
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Secion A-A 
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x r __ x r Aspect ratio 40length loldn fomrd'

0.000 .0.000 24000 4.396 Toper ratio 0.5 2.00 00° 1800

0.500 0. 144 26000 4.5361 Wing area 8.165sqft 4.00

1.000 .286 28.000 4.643 Airfoil section 65A004 8.00
1.500 .426 30.000 4.716 12.00
2.0 .564 '32.000 4.755 20.00
3.000 .832 33333 4.763 28.00
4.000 1.091 78582 4.763 34.00
5.000 1.341 79.000 4.757 Wing orifice locations 33.00

6.000 1.582 79.250 4.752 Sponwise station location, 42.00

7.000 1.812 79.500 4.746 percent semispon 4e.0

8.000 2035 80.000 4.728 A 113.9 50.00
9.000 2.249 80,500 4.708 B 537.5 54.00

10.000 2.454 81.000 4.685 1 77.7 58.00
10.500 2.551 81.916 4.639 Location of each station 62.00

11.000 2.649 83.500 4.557 percent chord 66.00

11.625 2.766, 85.250 4.458 0 25.00 65.00 70.00
12.l00 2.834 87.000 4.345 1.25 30.0 70.00 74.00
14.000 3.182 88.000 4.278 2.50 35.0 75400 78.00
16.000 3.493 89.000 4.209 5.0 400 __0.00 82.00 22.5 , 180.

18.000 3.770 90.965 4.067 7.50 45.00 85.00 86.00

19.000 3.896 97.362 3.624 1 50.00 90.00 9000

.000 4.014 104300 3.143 15.00 155.00 95.00 94.00
2200 4.223 20.00 60.00 98.00

Figure 2.- Geometric details of model. All dimensions are in inches.
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Figure 5-Effect of leading-edge droop on the pressure-coefficient dis-
tr ibution for the wing.
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Figure 5.- Continued.
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Figure 5,- Concluded.
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Figure 6., Effect of leading-edge droop on the pressure-coefficient dis-11 tributions, for the fuselage.
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Figure 10., Effect of leading-edge droop on wing-panel bending-moment
coefficient.
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Figure 11. - Effect of leading-edge droop on drag coefficient at several
-lift coefficients.
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Figure 13.- Effect of leading-edge droop on (L/D)max and lift coeffi-

cient for (L/D)max.
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Figure 14.- Variation with lift coefficient of the ratio of L/D for
models with leading-edge droop to L/D for the model with basic wing.
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Figure 15.- Effect of leading-edge droop on the longitudinal location of
center of load.
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Figure 16. - The effect of' leading-edge droop on the section normal-l-oad
parameter.
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a 5. 00 a6.7 0
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(a) Basic wing. L913

Figure 20, Ink-flow photographs.
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Figure 2D.- Continued.
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Figure 20.- Continued.
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Figure 2D.- Continued.
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Figure 20.- Continued.
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Figure 20.- Continuedl.
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Figure 20 .- Continued.
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Figure 20.- Concluded.
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