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THE EFFECT OF SPLIT TRAILIWNG-EDGE WING FLAPS ON
THE AERODYNAMIC CHARACTERISTICS OF A PARASOL MONOPLANE

By Rudolf N. Wallace
SUMMARY

This paper presents the results of tests conducted in
the N.A.C.a. full-scale wird tunnel on a Fairchild 7-22
airplane cquipped with a special wing having split trailing-
edge flaps. The flaps extended over the outer 90 percent
of the wing span, and were of the fixed-hinge type having a
width equal to 20 percent of the wing chord.

The results show that with a flap setting of 5920 the
maximom 1ift of the wing was increased 42 percent, and that
the flaps increased the range of available gliding angles
from 2.7° to 7.0°. Deflection of the split ftaps did not
increase the stalling angle or seriously affect the longi~-
tudinal balance of the airplane. With flaps down the land-
ing speed of the airplane is decreased, but the calculated
climb and level-flight performance is inferior to that with
the normal wing. Calculations indicate that the take-off
«distance required to clear an obstacle 100 feet high is not
affected hy flap settings from 09to 20¢ dbut is greatly in-
creased by larger flap angles.

INTRODUCTION

Considerable attention has recertly been directed to
the use of split trailing-edge wing flaps as a device for
reducing the landing run and increasing the gliding angle
of airplanes. As a part of its general research program
dealing with high 1ift devices, the National Advisory
Committee for Aeroanautics has conducted comprehensive model
tests in the 7 by 10 foot wind tunnel on split trailing-
edge flaps (reference 1), and is now conducting full-scale
investigzations of this device on a Tairehild P-22 parasol
monoplane.
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This paper presents the results of tests conducted
in the ¥.A.C.A., full-scale wind tununel to determine the
aerodynamic characteristics of the Fairchild ¥-22 airplane
vhen equipped with a special wing having S Lilibegbita ylifig~
cdge flaps extending over 90 psrcent of ihe span. The
flaps were hinged at their forward edge and had a width
ccnal to 20 percent of the wing chord. Absolute coeffi-
el nntb of 1ift, drag, .and pitching moment werse determined
for flap settings ranging from neutral, or c;oved posi-
tion to a maximum downward deflection of 5%°, znd from the

2 ¢ of attack for zero 1ift to beyond the suall. All
teats were conducted both with the horizontal tail surfaces
in place and with them removed.

APPARATUS

Airplane.- The Fairchild F-22 is a small open 2-place
parasol monoplane powered with an inverted girrus Bap-

cooled engine. A 3-view drawing of the airplane 1s ‘shown
.on figure 1, and the pr1n01pa1 characteristics of the air-

plane as tested are given in table I.

Special wing.- The wing is of conventional wood and
fabric: construction with a span of 30 feet and a chord
of 6G inches. The sheet-metal flaps have a width equal to
20 percent of the wing chord and extend over the outer 90
percent of the wing semispan. They are operated from tae
rear. cockpit through a system of gears and bell cranks,
snd have a maximum down deflection of 59° from the closed
position. TFigure 2 shows a section of the special wing
with the flaps and upper-surface ailerouns; figure 3 1is a
rhotog rapn of the Fairchild F-22 with wing flaps in full-
down position. The upper-surface ailerons were locked in
zero position for all tests.

Wind tunnel.- The N.A.C.A. full-scale wind tunnel is
described in detail in reference 2. Figure 4 shows the
Pairchild F-22 airplane mounted on the balance in test po-
sition.

TESTS

Tests were conducted over an angle-of- attack range
from zero lift to beyond the stall, with the flaps set at




N.A.C.A, Technical Note No. 475 3

OO,'2004 40°, and 59° down from the neutral position., The

_airplane was tested both with the horizontal tail surfaces

removed and with the elevator and stabilizer set at 0° to
the {thrust axis. For all tests the airplane was set at 00
in roll and yaw, the rudder was locked at 0° to the fin,
and the propeller was locked in a vertical position.

. .The tests were made at a dynamic pressure of - approxi-
mately 8 pounds per square foot, corresponding at standard
Sea~level conditions to a velocity of 56 miles per hour and
to s Reynolds Number of 2,880,000, based on the’ wing chord.

For the computation of pitching moments, a center-of-
gravity position was determined with a 140-pound man in the

pbelar cockpit Yand 15 ‘2gl lon's ‘of ‘gasoline in ‘thie fuel "tank.

RESULTS -AND DISCUSSION

The results of these tests have been corrected for
wind-tunnel effects and are presented in curve form on
figures 5 to 9, inclusive. Figures 5 and 6 show compara-
tive curves  of Cp, Cp, and C, plotted against angle of

attack .of the thrust axis for the four flap angles test-
ed, - The curves on figure 5 are for the condition with the
horizontal tail surfaces set at 0° to the thrust axis, and
those on.figure 6 are for the condition with the horizontal
tail surfaces removed. A comparison of the curves on fig-
ures 5 and 6 gives the 1ift, drag, and pitching moment pro-
duced by the horizontal tail Surfaces. Figure 7 gives the
values of Oppax, &£liding angle, and gliding velocities
aig@niunctiion of £1ap setbting. oln Hthe compubation of these
values, the 1ift, as measured with zero tail-plane setting,
was corrected for the tail plane forces reguired to balance
the airplane in flight.

The effect of flap deflection on the lift character-
istics of the Fairchild P-22 airplane is shown on figure 5.
As the flaps were depressed, the curves of C; moved to
the left on the scale of angle of attack dbut maintained
practically a constant slope. .Zero lift therefore oeccurred
at progressively greater negative angles, and higher values
of CLmax Were reached at the same stalling angle. 'A max-
imum 1ift coefficient of 2.09 was obtained with a flap set:
ting of 59°, which represents an increase of 42 percent
over the maximum 1ift coefficient of 1.47 for the wing with
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“Luax
qbown on 11bure e ihQiéatSt *H\t flap seuflngsgreator tinan
090 would give little furtrer 1ncrea g in waximum 1ift.
This indication 18 1% agreelenx with the result of the
,odel tests reported in refereace 1. > i g

1aD" close d The curve of against- flap angle,

The effect cf flap setting on the drag Cher>ctmr stics
of tna Fal’Culld F-22 alrplaﬁc 13 shown By Ghe drag enrves
oxx LLENLE .0 '

‘ " A comparison of the relative efficiency of -the normal
wing and the wing with flans down can be made on the hasis

of the speed-range criterion bLPaX/CDmln It is ev1€ent

that this function varies directly with the value of CLmax
: bR . _ max,

inasmuch as the minimum drag of the normal wing is available
at all times. The use of flaps therefore 1ncreased the wal-
nwe of Cimax/Couin by 42 percent. f

The effect of flaps on the climb and take-off of the
airplane 10'5HOWL on figures 8 and 9. igure 8 presents
curves of the power available and the power required at the

i

four flap angles tested. The power available was calculat-
ed from the engine-propeller characteristics of g WILTUS
engine, rated 95 hOTSLLO ey g% 2,100 r.gp.m., ‘and @ nAoTmed

fixed;p*q ch propeller. These verformance CUTV.ES show that
he climb and level—flight performance of the airplane is
greatly reduced by depressing the flaps.: 7ith the assumed

norsepower available, the maximum rate of climb is decreased

from 450 feet per minute with the flaps closed to 30 ¢eet
per minute with the flaps down 59°.

The effect of flap settinz on the calc1latea take- ofﬁ
waracteristics of the Fairchild .F-22 airplane is -shown on
sure 9., :The curve of take-off :run reguired to reach a.
locity 5 mlles per bour above minimum speed indicates that
e airplare would require the shortest ground run with the
s depressed approximately 209, it h of Lap langlies less

270 the ground run wouwld be increased because of the -
velocities which wust te reached before the airplane .
s flying speed, and with flap aungles greater than 270
length of ground run is likewise incrpdyed becaunse of
:h drag and counseguent poor ‘acculeration. '
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It is often ﬁ”cessary,during a take-off to consider

not only the.leangth of ground run but also the distance re-

gquired ‘to clear .an obstacle. .On figure 9 is shown the tatal
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horizontal distance required with different flap settings
to clear an obstacle 100 feet high. This distance includes
the ground run required to reach the speed for best angle
0f climb, the distance covered during the period of transi-
tionnfrom ground run:to flight attitude; and the horizontal
distance required to climb 100 feet at the best angle of
climd. The determining factor for the total distance re-
quired to clear an obstacle of such heizht is the angle of
climb rather than the length of ground run. Tais distance
remains approximately the same for flap deflecticms up to
20°, but increases rapidly at larger flap angles because of
the reduced angle of climb.

One of the most important applications of the split
trailing-edge wing flaps is their use as a device for in-
creasing the available range of gliding angle and reducing
the landing. run. As aerodynamic design progresses and air-
plane lines are improved, with resultznt increase in L/D
ratios, it becomes increasingly important to have some form
of air brake available for steepening the gliding angle in
hgdding s If-the braking device affords greater 1ift, as
well as a reduction in the L/D ratio, its value is further
enhanced because of the resultant reduction in velocity a-
long the flight path. On figure 7 are shown curves of mini-
mum gliding angle and gliding angle at maximum 1ift for the
Fairchild F-22 airplane as a function of flap angle. With
the flaps closed, the gliding-angle range is from 7.70 to
10.4°, whereas with the flaps full down the gliding angle
at maximum 1ift reaches a value of 14.70, It.is therefore
possible with the split trailing-edgze wing flaps to obtain
any gliding angle from 7.7% to 14.70, a total range of 7.09,
as compared to a range of gliding angles available with the
normal wing of 2.7°. The resultant horizontal and vertical
velocities for a glide at maximum 1ift are also shown on
figure . The horizeoutal velocity, or landing speed, is re-
duced from 51,0 miles per hour with the normal wing to 41.9
miles per hour with full-flap deflection. This rednction in
landing speed is accompanied by a slight increase in verti-
cal, veloeity.

In the consideration of any device that materially al-
ters the 1ift and drag characteristics of an airplane, it
is important to determine its effect upon loagitudinal sta-
bility. For this purpose pitching moments have been comput-
ed for all flap angles tested, and are shown an figure 5
plotted against angle of attack. In general, depressing
the flaps resulted in increased stability, the greatest
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effect occurring at high angles of attack where the diving
moment was materially.increassd. - This ineresse in.negative
pitchin“ moment: wonld reguire greater tail-plane. forces vo
trim the airplane, but from a consideration of the pifching
moments produced by the preseat horizontal tail surfaces on
the Fairchild F~22 airplamne, there should be-no serious dif-
ficulty. in- obta’ nlng ba 1ance af‘all-aagles of attack and at
all pjaﬂ e+t1ng ' : :

2§

'»Thé‘efféct of'flap setting on the pitching wmwoments of
the' wing is! shown on figure 6, where piteching-moment coef-
ficients for the Fairchild F-22: airplane are plotted agaiunst
anzle of attack as determined with the horizontal tail sur-
faces removed. For this condition the effect of tail-plane
sfficiency and variation in downwash with change in flap
angle was eliminated, -and the results more. truly. .indicate
the characteristics of the wing alone. The pitching-moment
curves for the tail-off condition show -that the flaps in-
creaked the negstive value of «C, at-high angles of attack,
ss was.the case for the complete airplane. Practically all
of. the chqnv in pitching moment occurred during the first
20° depression of the flaps. :

CONCTL.USIONS

1. Split trailing-edge wing flaps 1nc*eased thu value
of : Cqmgqx for the Fairchild F-22 airplane from 1.47 to

§ 2. The angle of maximum 1ift, or stalling ‘angle, remained
constant for all flap settings. 7 . s =

ative pitching moments were 1n"reased w1+h flap
defle c*lon 'L high angles of atuack but the change in mo-
ment was not great enough to prevent the ‘attainment of lon-
gitudinal balance. 'The greatest change in pitching moments
oceurred in the range tetween 0 and 209 flap depréssion.

4, The gliding angle at maximum 1ift wes increased from
10.49 to 14.70, and the range between minimum gliding angle
and the gliding angle at maximum 1ift was ‘increased from
2O - £§%7 .00 HEos - *. :

5. The computed landing speed of the airplane was re-
dvced from 51.0 m.p.h. with the flaps closed to 41.9 m.p.he.
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with the flaps fullydeflected.

6. The calculated rate-of-climb and level-flight per-
formance of the girplane with flars depressed was markedly
inferior to that with the flaps closed.

7. The calculated take-off distance reQuired by the
airplane to clear an obstacle. 100 feet high was approxi-
mately the same for flap angles: form 0°to. 20%, but was
greatly increased for larger flap angles

Langley lMemorial Aeronautical Laboratory,
National Adv1bory Committee for Aeronautlrs,
Lengley Field, Va., Lugust 1656, 1933,
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' Characteristics of the Fairchild F-22

dirplanc with Special Wing

Weight (inclﬁdingfléo 1b. in rear
cockpit and 15 gal. gasoline)

Airfoil section |
Wing area, including ailerdné
Stabilizer area
Elevator area
Fin area
Rudder area
Ting span
Wing qhord
Angle of wing setting
Dihedral
Stabilizer angle to thrust axis
Elevator angle to thrust axis
Distance back from leading edge to c.g.
Distance below thrust axis to c.g.
Distance from c.g. to elevator hinge

g, (ki T
N D0

™ &
A [

162'sq.ft.

b ol T L

104 saq.ft.
4.1 s8Q.fh.

6.0 wqutt.

30 ft.
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Figure 2.-Section of wing showing flap arrangement. LY
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