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RESEARCH MEMORANDUM

INVESTICATION OF PRESSURE DISTRIBUTION OVER AN EXTENDED
LEADING-EDGE FLAP ON A 42° SWEPTBACK WING

By D. William Conner and Gerald V. Foeter

SUMMARY

The pressure distribution over a lsading-edge flap has been
investigated in the IAngley 19-foot pressuro tunnel. The model was
composed of a 42° sweptback wing of NACA 64-series sections attached
to & fuselage in a high-wing position with deflected half-span split
flaps and outboard extended leading-edge flaps. Moasurements of pressure
over the leading-edge flap were cbtained through an angle-of-attack
rangs at a Reynolds number and Mach number of 5,120,000 and 0.11,
respectively. Same asrodynamic characteristics of the complete model
were obtained at Reynolds mmber and Mach number of 6,840,000 and 0.1k,

respeotively.

The results indicate that the flap normal-force coefficient
increased almost linearly with angles of attack to a maximum value
of 3.25. The maximum section normal-force coefficlent was located
about 30 percent of the flap span outboard of the inboard end and had
& valus of 3.75. Puvek negative pressures duilt up at the flap leading
odge as the angle of attack was increasad and caused the chordwise
loocation of flap center of pressure to be moved forward. In the high
angle-of -attack range the center of pressure ranged between 49 and
55 perocent of the flap chord.

INTRODUCTION

The investigation reported in reference 1 indicated that the
inherently low maximum 1ift and poor longitudinel stebility near the
stall of swept wings can be greatly improved by the use of suitable
leading-edge flaps. The design application of leading-edge flaps
requires a knowledge of the flep loads in throe-dimensionel flow.
Preoassure ~distridbution measuremenis have, therefore, been made over a
leading=-edge flap for one of the more satisfactory cormbinations
reported in reference 1 and the results are presented herein.

The 42° owoptback wing mounted on a fusolage in a high-wing

arrangsment had half-span split flaps and outboard extended lsading-
odge flaps. Both force msasuwrements for the complete configuration
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and leading-edge-flap pressure measwremsnts were obtained through the
1ift rangs at high values of Reynolds mumber and at values of Mach
numbey corresponding approximately to take-off or landing conditions.

COEFFICIENTS AND SYMBOLS

The coefficients and aymbols used herein are as follows:
angle of attack of wing chord line
11ft oocefficient (Lift/qS)

dreg ococefficient (Dreg/qs)

pitching-momsnt coefficient wreéferred to quarter-chord point of
mean o obord (Moment/qB%5)

seotion normal-force coefficient of leading-edge

1

normal-force coefficient of camplete leading-edge

o (" 4(2)

e
section hings-moment ccefficisnt of leading-edge flap (about

1
trailing-edge point of flap chord) Q‘ xa GL’)D
0 .

" hingo-moment cocefficient of leading-odge flap (about treiling

e

center of pressure of leading-edge flap in percent of flap chord
o

moaswred from lesding edgs of flap (mo -1000-?)

Reynolds number (besed upon wing meen esrodynamic chord)

wing erea (area of basic wing without flaps or fuselage)




EACA RM No. L7J03

free-stream dynamic pressure
wing mean asrodynamic chord

local preesurs minmus free-stream static pressure

Ye distance measured along span of lud.ing-odp Llap
leading-edge flap epan

dietance measured along chord of leading-edge flap

leading-edgs flap chord measured perpendicular to flap leading
odge

The model used in the present teets 1s one previously used in
the investiigation reported in reference 1. Tho model configuration
during these tests consieted of the high-wing-fuselage combination,

half-span split flape deflected 60°, and constant-chord leading-edge
flape. (See fig. 1.)

The leading-edge flaps henceforth referred to as the flaps,
extended over a distance equal to 57.5 percent of the wing semiepan with
the inboard snd of the flape located at 40 vercsnt of the wing -
semispan. As moasured in a plane perpendicular to the wing quarter=-
chord line, a line connecting the leading sdge of the wing with the
oenter of ths flap-noss radius had a 500 incidence with the wing
chord. (Sos fig. 1.) The flap chord ussd in presenting pressure
data was taken as the line comnecting leading and trailing sdges of
the flap. (Soe fig. 2.) Orifices were installed in the right-hand
flap at five spanwise stations. At each station and perpendiculer to
the flap leading sdge, a row of nime orifices was set flush with the
suwrfacs on the leading sdge and upper surfacs of the flap. In addition,
to measure the static pressure of the lower surface, two tubes were
installed at the inboard, middle, and outboard stations. Thsse
orifices were not flush with the surfacs but any srror in prossure

measuremsnt wvas believed to be snmall because the vulocity at theee orificee
was oxtremely small. The spanwise location of the stations and chord-
wise location of the orifices for each station are shown in figure 2.

The comnecting leads for the orifices were fastened on the under

surface of the flap behind the flap nose. Between the first and seccnd

row of orificos, the leads followed ths wing lower swrfacs in a stream~

wise direction back to the model support. Any disturbances resulting
from the tube installation wore believed to bo omall.
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Tests wore made in the Iangley 19-foot pressure tunnsl with air
compressed to apmroximately 33 pounds per square inch absolute.
Pressures over tho flap were msasured on a multiple-tube meanomster and
recorded photographically for angles of attack of 6.8°, 11.19, 15.3°,
18.99, and 21.6° at a Reynolds number of 5,120,000 and a Mach number
of 0.11. Measwrements of lift, drag, and pitching moment of the complete
model were made through a renge of of attack of -4° through
maximum 1ift at a Reynolds number of 6,840,000 and a Mach number of 0.1k
The force measurements were obtained with the oconnsctor tubing removed
from the model.

RESULTS AND DISCUSSION

The 1ift, drag, and pitching-moment characteristios are presented
in figwe 3. The ticked symbols indicate points at which flap pressure-
distribution measurements were obtained. The chordwlse variation of
the pressure over the flap 1s presented in figure L4 at each spenwise
station for the various angles of attack. Presswre coefficlents obtained
along the lower surface were faired point to point and no attempt was

made to reach stagnation pressure (‘E - 1.0) sinco the effect on the

force coefficlent would be negligible. The dotted portions of the curves
are interpolations (noeded for integration; based on the existing data.
At low angles of attack tho peek negative pressurcc occurred near the
flap trailing edge but as the angle of attack incroased a peak pressure
built up rapidly at the leading odge, especially near the inboard end
of the flap. The maximum negative pressure coefficlent of -6.4 was
obtained at the station z—i = 0.29 at the highoot angle of attack

of the tests. The chordwise center of preassure which was located
rather far beck at low angles of attack moved towvard the leading odge

as the angle of attack was increased. (See fig. 4.) In the high angle~
of -attack range it varied between 49 and 55 percent of the flap chord
behind the flap leading edge, depending on the spanvise statilon.

The pressure=-distribution curves wero integrated to cbtain the
section normal-force coefficlents and soction moment coefficlents about
the assumed hinge location at the trailing edpe of the flap. The
chordwise~force coofficlent was determined for a repreeentative etation
and found to be about 1 percent of the normal-force coefficlent;
therefore, in detormining the flap moment coelficlents only ihe normal-
foroe ocefficlent was used. The spanwise varilatlon of the sectlon
ooefficientc 1s presented in figure 5. Throughout the lift range the
maximumn valuos of c, and °hf occurred over the inboard 30 percent
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of the flap span. These values dropped off gradually across the sf:an at
moderate and high angles of attack. As the angle of attack was increased
above 15° the valuos of both o and ¢

for the inboard station
of the flap showed only a slight increase followed by a decrease.

to etart immodilately behind the inboard snd of flap.

The spanwise variation of the section coefficlonts was integrated
to determine tho total normal-force coefficient and flap moment

coefficisnt; tho variation of thess values with angle of atiack e
presented in figure 6. The variation indicates a continuous increase
of normal-forcs coefficisnt with angle of attack, though the slops of
the curves decreassd slightly above an angle of attack of 14°. The
maximum value of Cpy. obtained was 3.25 which was about 87 perosnt of
the maximm velue of ¢, obtained for the same angle of attack.

CONCLUDING REMARKS

The results of an investigation of the prossure dietribution over

& leading-edge flap on a sweptback wing indicato that the flap normal-
force coefficisnt increased almost linsarly with angle of attack,

while the maxirmm section normal-force coefficisnt occurred outboard
about 30 percent of the flap spen from the inboaxrd snd.

Psak negative
pressures built up at the flap leading edge as the angle of attack was
increased and caused the chordwise .location of the center of pressure
to move ahead to near the midchord point of the flap at high anglee
of attack.

.
Ianglsy Memorial Aeronautical Laboratory

National Advisory Committee for Aeronautics
Langley Field, Va.
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was probably associated with the wing stall which was shown in reference 1
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