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WIND-TUNNEL MEASUREMENTS OF AIR LOADS ON SPLIT FLAPS

By Carl J. Wenzinger
SUMMARY

Tests were made in the N.A.C.A. 7 by 10 foot wind
tunnel to determine theée control forces and air loads act-
ing on split flaps. Clark Y wing modelsg were used with
two different sizes of full-span split flaps; one having
a medium chord (0.25c¢c) and the other a narrow chord (0.1l5c).
Hinge moments of the flaps were meagured and also the divi-
sion of load between the flaps and the wing.

The lnvestligation showed that, at the angles of attack .

and flap deflections for maximum 1ift, the 1ift loads on

the split flaps were only 5 percent and 9 percent of the

total 1ift for the narrow and medium—-chord flaps respective-

l1y. The ratio of drag on the flaps to total drag lncreased
greatly with decreasing angls of attack, reaching a wvalue

of approximately unity et small negative angles of attack

with the flaps fully deflected.

The normal force on the split flaps increases both
with angle of attack and with flap deflection for angles
of attack below the stall. The value of the normal-force
coefficient is about 1.40 at the angle of attack and flap
deflection for maximum 1ift with either of the flaps test~
ed. The center of pressure of the load on the split flaps
in gensral moves forward with decreasing flap deflection
and with increasing angle of attack from small negative
angles up to the stall.

The hinge moments of the nmarrow-chord split flap were
about 42 percent those of the medium~chord flap when de-
flected to give approximately the same maximum 1ifE, but
they are considered to be still %too large for rapid and
sasy flap operation.
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INTRODUCTION

Split trailing-edge flaps are now being utilized to a
considerable extent on alrplanes for reducing the landing
speed and for increasing the range of gliding angles. The
use of these flaps has given risuv to several new problems,
particularly those involving control forces and methods of
construction and operation. Soms of the aerodynamic char-
acteristice of wings equipped with spllt flaps have already
been investigated and considerable data are svailable on
tne 1ift, drag, and center of pressure of these combinaftions.
(See references 1, 2, and 3.) Very little data, however,
have been available to deslgners concerning the character-
isties of split flaps alons,

The present investigation was made in order to obtain
data regarding control forces and the air loads on splilt
flaps. Hinge moments of the flaps gnd the diviulon of load
between flap and wing were measured, and from these data
the center of pressure of the load on the flap was calcu-
lated., Olark Y wing models were used with two different
sizes of full-span split flaps, one having a medium chord
and the other a narrow chord,

APPARATUS AND TESTS

iiodels.- The two models used were rectangular Clark Y
airfoils, each having a 10-inch chord and 60-inch span.
The main portion of each airfoll was constructed of lami-
nated mehogany to the specified ordinates given in table I.
The trailing-edge portions were formed by the svlit flaps
and by upper-surface ailerons as shown in figure 1, The
two sets of flaps and ailerons were made of durslumin be-
ceuse of their small size (0.15 sn@ 0.25 of the wing chord).
Both were hinged to the wing in such a manner that they
could be locked rigidly in place or allowed to swing freely
about thelr hinge axes. In addition, the flaps could be
supported in position but entirely separate from the maln
part of the wing. .

Find tunnel.- The 7 by 10 foot wind tunnel, which hasg
an open test section, is described in reference 4, together
with the balances and standard test procedure. The tests
were made at an air speed of BO miles per hour, correspond-
ing to a Reynolds Number of 609,000.




N.A.C.A., Technical Note No. 498 3

v

Testge~ Aerodynamic force tests were made in which
1ift, drag, and pitching moment were méasursd for the wing
with flaps attached and deflected various amounts at sev-
eral angles of attack. Most ¢of the tests were made with
ailergfig _neafral, and a fow arrangements were tested with
the-aileron deflected upward. The tests were then repeat-
ed, méasuring the same components for the main part of the
w1ng only, the flap belng geparately supported in position.

'A series of tests was also made in which the hinge
momehts of the flaps were measured for different deflec-
tions at several angles of attack. The flaps were arranged
to hinge freely on the wing for these tests, and wsre con~
mected to a device that measured the hinge moments by means
of the calibrated twist of a long slender torque rod ex-
tending along the hinge axis from the flap to the balance
frame outside the air jet.

to the stall as determined by check tests mads after com-
plete changes of experimental gset-up are as folldws:
O, £ 0.008; CD + 0.0043; OF * 0.00009. Beyond the stall

the results are somewhat irregular, probably because of
wnsymmetrical flow over the wing and flap. The data wers
not corrected for tunnel-wall effect.

. RESULTS AND DISCUSSION

a2 E PR

The results are given in the form of curves of 1f§f
drag, normal-force, and hinge-moment coefficients, ana
centef-of-pressure location, in figures 2,%to 11V "The o=
efflcients are the usual absolute ones, defined as follows'

lift = ,“.. -: - . .4"'_. N -.-

c = LiTT e e Il mpervagto
L q s ‘ T EETEe
CD = QI_‘.@_& R - .. ., e om. = _;..____:_
q S- ) . ___"
L e -
hinge momsent ,

qc S

— hormal force on fl@g
qa 8¢

where §, total wing area, flap neutral
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it nﬁl S¢, flap ares

c, total yihg chord,_flap neutral

[

9, dynamic pressure

Cnaracteristice of wing complete with eplit flap.-

1 e

'Lfft drag, and center of pressure for. several flap de-

flectxons up to that for maximum 1ift are gilven for the
wing .with the 0.15c spllt flap in figure 2, and for the

- 0. ch“eplit flap in figure 3. The results exhibit no un-

-t

'_usual characteristics for the arrangements tested, and

agree ‘well with what would be expected from previous tests
raported in reference 1,

f D1v151on of lift and drag between split flag,and wing -
The characteristics for the 0.15c split flap are given in
figure .4, and for the 0.25¢ split flap in figure 5, It
will be seen that the 1lift load on. the 0.15c split flap is
only about 5 percent of the total 1ift of the wimg and flap
cgmbined, at the angle of attack and flap deflection for
maximup 1ift. TFor the 0.25¢c split flap the valus is about
9. pergent ‘of the fotal 1ift for the above conditions. De-
flecting the aileron up 70° had practically no effect on
the division of 1ift between flap and wing for either of
the flaps tested.

The drag load acting on the flap i's greatly affected
by flap deflection, the greatest proportion of the total
drag being carrled by the split flaps at the low angles of
atteck and largest flap deflections. A surprisingly high
value was obtalned in the case of ths 0.25c flap at -70
angle of attack when deflected déwn 450. The dTag load
on the flap was 112 percent of the total drag of the com-
bination (fig. 5) which effect may be attributed to the in-
terference between the flap and the main portiom of the
wing., With the aileron up 70°, the tendency was to reducse
the drag load on the flaps scmewhat.

Normal force on split flap.~- The normal force acting
on the split flap increases both with angle of attack and
with flap deflection (figs. 6 and 7}, for engles of attack
below the stall. The value of the normal force coefficient
for either size of flap tested was. about.l1.40 at fthe angle
of attack and deflection for maximum 1ift 6f the wing-and-
flap combination. Above the stall the results are some-
what irregular, probably because of unsymmetrical stalling
of the wing.
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Center of pressure of load on split flap.- The center
of pressure of the load on the split flap in general moves
forward with decreasing flap deflection and with lncreas-
ing angle of attack from small negative angles up %o the
stall (figs. 6 and 7). At the stall for the 0.15c split
flap 'thHe varlation of center of pressure is from about 26
o’ 45 ‘Ppeércent of . the flap chord for deflections of 15% to
“300;" The most rearward position was reached at -5° _angle
of attack, where the varlation is from 36 to 52 percent of
the flap chord. At the stall for the 0.25¢ split flap,
th'e cedter of pressure varies from about 31 to 40 percent
of ‘the"flap chord (fig. 7). The most rearward position on
this flap-was reached at -10° angle of attack, where the
variation is from-45 to 53 percent for a rainge of flap de-
flections from 159 to 45°, At greater negative angles than
those for the most rearward positions of the center of
pressure, “the c.p. moves forward very rapidly.

. —— . -

L S Pl e & oW

Viggg momentd oFf spllt flan.- Goeff1c1ents of hinge
moment are plotted against angle of attack for the 0.15c¢c
flap in figure 8, and for the 0.25c flap in figure 3. Plots
of Oy against flap deflections &f are given fqr the
regsective flaps in figureslo and 1I ’ :

The hlnga moments are not much affected by changes'
in angle of attack except at large negative angles, where
" they Become ¥éry sm&ll. Large increases in fhe hinge mo-
ments occur, however, with increasing flap deflection.
With the aileron up 70°, the tendency is fto increase by 2
small amount the hinge moments of the flaps at low flap

flections. It will be noted that the hinge-moment coeffi-
cient of the 0.15¢c flap is about 42 percent that of the
0.25¢ flap when deflected to give approximately the game
maximum 1ift coefficient.

Conventional ailerons having proportions of 0.25c by
0.40 b/2 each, when deflected equally up and down 250,
have a hinge—moment coefficient of about 0.0062 (reference
5). It is evident that the hinge moment of 0.0142 for the
0.15¢c full-span flap may be considerably %too large for rap-
14 and easy deflection. A rednction of the hinge moments
of split flaps is very desirable, snd an investigation of
methods for reducing the hinge moments of conventional
split flaps is now being undertaken by the Commitfes. In
addition, pressure-distribution tests would be desirable
to give the distridbution of chord and spanh loads on the
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wing and the split flaps.

CONGLUSIONS

oo l.n The lift loads on the split flaps at the angles
of attack .and deflections for maximum 1ift were found to
be 5 percent of the total for the 0,15¢ flap and 9 percent
oi the tatal for the 0. 250 flape.

2. The ratio of drag on the fiape to total drag in-
creased greatly with decreasing anglo of attack, reaching
a value of approximately unity at small negative angles
of attack with the flap fully deflected,

3e The normal force on the split flap increases both
with angle: of attack and with flap deflection for angles of
attack below the stall. The coofficient was about 1,40 at
the angle of attack for maximum 1ift with either of the
flaps testod.

. 4. The center of pressure of the load on the split
flaps in general moves forward with decreasing flap do~
flection and with increasing angle of attack from small’
negative angles up to the stall,

5e- Whén deflected to give approximately the sanme
maximum 1ift, tle hinge moments of the narrsw-chord flap
are about 42 percent those of tho medium-chord Fla but’
tley-are: coneidsred to be still too large fﬁr fapi aq@_
eaay operationa

O I

<

Langley Memorial Aeronautical Laboratory,
National Advieory Committee for Aeroihautics,
Langley Field, Va., November 11, 1933,
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TABLE I

Ordinates of Clark Y Section in Percent of Chord

Rad. L.B., 1.50 T.B. 0.08

Distance from L.E. Upper Lower
0 350 3.50
1l.25 5,45 . 193

2.5 6. 50 1.47

5 7490 «93

7.5 8.85 .63

10 9,60 42

15 10.69 «15

20 11.36 «03

30 11,70 .00

40 11,40 «00

50 10.52 .00

60 9,15 «00

70 7.35 <00

80 5.22 + 00

90 2.80 «00

95 1.49 «00
100 .12 «00
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Figure 2.- Lift, drag, and cenier of pressure for wing with
0.15¢ full-span split flap.
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Figure 3.- Lift, drag, and center of pressure for wing with

0.25¢ full-~span split flap.
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