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WIND-TULNEL INVESTIGATION OF PERFORATED SPLIT FLAPS
FOR USE AS DIVE BRAKES ON A TAPERED NAGCA 23012 AIRFOIL

By Paul E, Purser and Thomas R. Turner

SUMMARY

Aerodynamic characteristics of a tapered NACA 23012
airfoll with single and double perforated split flaps
have been detcrmined in the NACA 7- by 10-foot wind tun-
nel, Dyaamic pressure surveys were made behind the air-
foil at the aovproximate lccation of the tail in order to
determine the exteat and location of the wake for several
of the flap arrangenents, In addition, computations have
been made of an application of perforated double split
flaps for use as fighter brakes,

Tho resulte indicatod that single or double perforat-
ed split Tflaps may De used to obtain satisfactory dive
control without undue buifeting effects and that single
or double perforated spiit flaps may also be used as
fighater Drakes,

The perforated split flaps had approximately the
same ecffects on tho acrodynamic and wake characteristics
of the tapered airfoil as on a comparable rectangular
aindoil

INTRODUCTION

The WACA hes undertaken an extensive investigation
for the purpose of developing devices suitable for limite-
ing the diving speeds of airplanes. 4s a part of this
investigation a study has been made of test results ob-
tained during the development of devices designed primari-
ly for other purposcs, such as high 1ift or lateral con-
trol, but which may also be used for dive control. Tho
slot-1lip aileron combined with a full-span slotted flap is
one of those dual-purpose devices, and data for its use
have beon presented in roference 1, A study was also
made of a large amount of uncorrelated data on various
airfoil-flap combinations from tests previously made for
the Bureau of Aeronautics, This study indicated that rer—




forated double split flaps would gzive the desired charac-
teristics for use as dive-control devices. Following
this study, an investigation was made of sevoral ATTANICm
ments of 1nvlo and double split flaps on a roctangular
NACA 22012 air foil (refercmce 2) to detormino in mare do-
tall tho cerodynamic and wako characteristics of thoso
dovicog in order that dosigners might more closely evaluate
thelr effects o¢n the performance oif complete airplanes,
The prescnt tests were wmade to determine the aero dynamic
and wake characteristics of some of S tho vlnblf and doublo
split-flap arrangencnts on a tapered NACA 23012 airfoil,

The airfoil model used (fig, 1) was of laminaied mahog-
the JAGA 23012 profile, The model was tapered

0 ferm with a span-of 60 inches and an aspect
. The tralling edge of the model was sireight
eum uwpper~snurface ¢rdinates of the various scc-
1 one olane. The perforated split flaps were
mads’ ¢f s ¢ steel and had a chord of 2 inches (20 per-
cent of the airfoll mean geomotric chord), The perfora-
tions in the flaps weors symmectric ally spaceod circular

oles (sec flap dotail, fig, 1) and removed 32341 porceant

of the original flap area. In order to facilitate rartial-
span-flap tests ecach flap was made in ten equal segments,
each segment having a span of 20 percent of the airfoil
semispan, The segments on each semispan werc numbercd

from 1 to 5 progressively from the plano of syumetry out
board to the airfoil tip, Split-flap deflections were
moasured with rcspoct to the airfoil surface at the hinge
point and the gap between the airfoil surface and the

flap was sealed with modeling clay,

O -

ratio o1 6.
and the max
tions were

Tind Tunnel and Equipment

The tests were made in the NACA 7- by 10-foot closed-
throat wind tunnel doscribed in refeorences 3 and 4. Tho
wake surveys werc made with a rake of cight 3/8 inch diam-
etor pitot tubos spaced 2 inchos apart, The rakc was ad-
Justablc so that dynamic pressure could be recorded at 1l-
inch intorvals along a vertical line 27 inchos long which
was located 30 inches (3.0c) behind the auarter—chord




point of the airfoil mean aerodynamic chord and & inchcs
(0Oe5c) to the right of the plano of symmotry. This posi-
ticn was believed to be represcentative of the location of
the hinge line and midpoint of the semispan of the hori-
zontal tail surfaces of airplanes on which dive-coatrol
dovicn" would be uscd, The ratio of the dynamic pressures
in the wakxe to the dynamic pressures at the same points
with *ke nodel romoved (support strut in place) was deter-
minod from readings on an inclined-tube alcohol manometer,
Figure 2 is a three-guarter rear view of the model mounted
In the wind tunnol,

Teosts

Test_conditions.~ The dJnamic pressure maintained for
all tests was "6157 pounds per squars foot, which corre-
sponds to a velocity of aaout QO miles per hour under
standard sca-level conditions and to an average test
Reynolds number of 603,000 based on the mean geomectric
chord of the modal (10 in,).,

PTast. procedure.~ The tests consisted of the determi-
natiou of the 1lift, dreg, and pitching-moment coefficients
and of the wake characteristics for various arrangements
of the flaps. Double split flaps were located 20 percent
of Tthe mean gecometric chord from the alrfoil trailing
edge and single split flaps (lower surface) were lccated
on the line of the 30-percent-chord stations of the air-
foil sections, The forces and moments were determined at

intervals of 2° throughout the angle-of-attack range Zronm

below zoro 1lift to above mazximum lift. The wake surveys

were nade at intorvals of 4° throughout the samo angle-of-
attack range,

¥o tests were made with the flap perforations covered
since the data in reference 2 showed that while covering
the perforations ircreaqed the drag coefficient, it als
caused a very unstcady condition of the model,

ESULTS AND DISCUSSIOCI

In the presentation of results the following symbols
are used:
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Ch drag coefficient, D/q,S .
C,h—, Ppitching-moment coefficient about the guarter-
©/4 = chord point of the airfoil moan acrodynamic

chord, m/qocS

q/q0 dynamic pressure ratio

where
|
L e
D drag
m pitching momont
. - - o
q dynamic pressure at point in wake, % PmVE
q, average dynamic pressure for air strean, ‘
- 5 2 L]
g airfolil mean geometric chord
c airfeil mean aerodynamic chord, chord throuzh
centroid of area of airfoil semispan
cr flap chord
S airfoil area
b airfoil span
b flap span
and
a angle of attack
SfU upper~surface split-flap deflection |
S lower-surface split-flap deflection
A

The subscript L, refers to the characteristics at zero
L £t

Since the support strut interference and tares were
relatively small, these corrections were applied only to
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the plain airfoil data, The standard jet-boundary correc-
tions which were applied to all the force-test dats aro:

S

0 = 2
Aoy & 5 Cp 57.3
(i = 8_3_03

where C 1is the jet cross-sectional area. A wvalue of

8 = 0,1125 for the closed-throat wind tunnel was used in
correcting the results, It should be noted that due to
tho various span-load distridutions of the airfoil with
the varicus split-flap arrangements, these corrections
are not strictly applicable to all the data, No correc—
tion for tunnel effoct has beon applied to' the wake loca~
tion, This correction is small because of the relatively
small model used,

Double Split Flaps

The aerodynamic and wake characteristics of a 60-inch
span 3-to-1 tapered NACA 23012 airfoil with double split
flape located 0.20c from the airfoil trailing edge are
presented in figures 3, 4, and 5, The aerodynamic charac-
teristics are presented as curves plotted azainst 1ift
coefficient; and the wake characteristics are shown as
curves of dynamic pressure ratio, q/qo, Plotted against
distance above and below the cxteonded chord line of theo
root scction of thc airfoil, Thc mcthod of presenting the
wakXe characteristics is illustrated in figure 4, The
double split flaps had practically the same effects on the
aerodynamic and wake characteristics of the tapered air-
foil as they had on those of the rectangular airfoil of
reference 2, The wake surveys were made of sclected rep-
resentative arrangements Dased on the results of reference
2 and the data prescnted are sufficicnt to show the wake
characteristics of all arrangements,

Since the aercdynamic characteristics at and near zero

1lift were considered of particular interest to the de-
signer, the results from figures 3a and 5a were plotted
against flap span in figure 6., Neither flap span nor air-
foil plan form had a marked effect on the pitching-moment
coefficients or angles of attack at zero lift, The dragz
coefficients obtained with center-scction doudb%e split



flaps were practically the same for both the tapered air-
foil and the rectangular airfoil of reference 2, tut the
tip-section flaps gave higher drag coefficients on the
tapered airfoil than on the rectangular airfoil., On both
airfoils the center-section flaps allowed higher availabdble
maximum 1lift coefficients than the tip-section flaps ex-
cept for one unexplained instance (60-percent-span flaps,
fige, 6). The difference betwecon the maximum 1ift cooffi-
cicnts obtainadle with the conter- and tip-soction flaps
was less for the tapereld airfoil than for the rectangular
agirfoaldl of reforénce 2,

Singlo Split Flaps

The aerodynamic and wake characteristics of a 3-to-1
tapered WACA 23012 airfoil with lower-surface perforated
split flape located on a line through the 30-percent-chord
stations of the airfoil sections are shown in figures 7 to
The use of these flaps produced the same large decrease in
angle of. attack for zero lift on the tapered airfoil as on

the rectangular airfoil of rofercace 2. ESinco the asrody-
namic charachterigtics at and resr zero rift were -consid-
orod of particular intorest to tho designer, tho results

of figures € and 9 wore replotted against flap span.in
i oute’ T0s

n view of the agreement shown between the tapered

1 tcsts and the rectangular airfoil tests of refer-
the two sets of data together should afford suffi-

nformation for the prediction of the performance

orated split flaps when used as dive brakes,
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Diving Spced

The relatiouship between drag coefficient, wing load-
ing, and indicated velocity for an airplane in a vertical
dive - is'shown in figure 1ll, TFor other diving angles, 'the
velocity given on the chart should be multiplied by the
square root of the sine of the diving angle, roferred to
the horizontal., From this chart, the data in figures 3(a)
through 10, and the data in figures 3(a) through 21(a) of
reference 2, it may be shown that the use of full-span
periorated double split flaps would probably limit to 200
miles per hour the indicated diving speed of an airplane
with a ving loading of 35 pounds per square foot and lim-
it to 250 miles per hour the diving speed of an airplane

9.
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with a wing loading of 55 pounds per square foot., Correo-
sponding values obtained with the use of perforated sin-
gle split flaps are: 200 miles per hour for a wing load-
ing of 30 pounds per sguare foot, and 250 miles per hour
for a wing loading of 45 pounds per sguare foot,

Fighter 3rakes

In addition to the need for devices which will reduce
the diving speeds of airplanes, it appears that a need
has arisen for some device which will temporarily reduce
the speed of attacking fighter aircraft in order that the
Pilot will have more time for firing., Some of the require-
ments which a fighter brake should mocet are; 1little or no
change in the attitwudeo of the airplane with fixed controls,
sufficiont increasc in 1ift cocefficient during operation
of thec brakes to maintain level flight as the speed is re-
duccd, and enough increase in drag coofficient to dccelor-
ato the airplane within a reasonable time aftcr the brakes

ation of fighter brakes to an airplane with
of 30 pounds per squarc foot has becn com-

puted by an approximate, step-by-stcp method. The arrango-~
ment usced was the full-span porforated double split flaps
located at 0,80c on the roctangular NACA 23012 airfoil
(fig. 3{a), recforcnce 2), It was assumecd that both the
uwopper-surface and the lower-gsurfacc flaps were deflected
to 30° within 1 second, and then the upper-surface flap
remained stationary whilec the lower-surface flap was de-
flected to 60° in such a manner as to afford sufficient
increase in 1lift coefficient to maintain level flight at
he reduced speeds without a change in angle of attack.,
Although maintaining a constant power output of the engine

would slightly decrease the effective drag incroment and
incroasc the time reoquired to slow down, this effect was
neglocteod in ordecr to simplify tho problem,

The results of the computations are given in figure
12, which shows curves of speed; 1lift, drag, and pitching-
moment coefficients; angle of attack; flap deflection;
and acceleration plotted against time. As is shown in
figure 11, the use of full-span perforated double split
flaps should reduce the airplane speed from 300 miles per
bour to 176 miles per houp in about 8 secends, with a
negligible change in anglc of attack and a change in wing
pitching-moment cocfficiocnt of only -0,03, It should be




noted that at the end of the 8 seconds the airplane still
has a deceleration of about 0,6g and in order to continue
in level flight the 1ift coefficient must be increased by
an incroasec in angle of attack or by a decrease in tho
upper-surface flap deflection (which wowuld also doecrcase

tho drag coefficient and deceleration),

The effect of the flaps on the pltching-moment coeffi-
cient due to the tail should be determined on a complete
model of any propesed installetion, Also a nore complote
determination should bo made of the variation of lift and
drag coefficients with flap deflection, since the 1ift and |
drag data used in computing the characteristics shown in ]
figure 12 were takoen from curves drawn betwcen Bf 22 BOH |

and &, = 60° with no intermcdiatc points,

In using double split flaps as fighter brakes, the in-
tial acceleration of l,lg could be reduced by decreasing
the in1t¢a1 309 flap deflection or by reducing the rate of
deflection and using a differential between the two flaps,
so that vhe greater deflection of the lower-surface flap |
would Supplj the 1ift coefficients needed to maintain a i
canstant angle of attack, %

|.|.

le to use lower-gsurfaco perfo-
ear the wing leading odgce as

at lecwer decoleration and some
the airplans is considercd ac-

»
Operating Ferces

A large emount of data has becon published on the
hinge-moment characteoristics of vav*cus gplit-flap combi-
nations, some of which are prescented in reforences 5 to 85
and the hingoe-momont charactoristics of a siot-1ip aileron
for use as a dive brake when combined with a full~span
slotted flap are prescanted in referonce 1, Comparatively
little is known, however, about the effects of flap per-
forations or of various methods of operation on the forces
required to deflect split flaps, Some 7ork has been done
in England on various methods of operation of split.flaps ¢
(rozcronco 9) and brief mention is made of the loads to be
expected on dive brakes in a report of some German re-—

search (reference 10)., The dive brakes of reforence 10

were slats placed normal to the airfoil surface with a gap

between the airfcil and the slats, Pressure distributiom
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tests on these slats indicated that the load on the slats
was about 75 percent of the drag increase and that the
distribution of this load on the slat was approximately
rectangular,

‘Additional research is recommended on the effects of
perforations and method of flap operation on the hinge-
moment characteristics of perforated split Blapa:,

COIICLUSIONS

The results indicated that single or double perforated
split flaps may be used to obtain satisfactory dive con-
trol without undue buffeting effects and that single or
double perforated split flaps may also be used as fighter
brakes,

The perforated split flaps have approximately the same
efects on the asrodynamic and wake characteristics of the
tapered airfoil as on a ccmparablo rectangular airfoil,

Langley llemorial Acronautical Laboratory,
National Advisory Committece for Acronauties,
Langley Field, Va,
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‘ Figure 2.- Three-quarter rear view of the 3:1 tapered NACA 23012 airfoil
with 0.20c, 80-percent-span tip section perforated double
‘ split flaps mounted in the NACA 7-by 10-foot wind tunnel.
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(a) Aerodynamic characteristics.
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(a) Aerodynamic characteristics.
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(a) Aerodynamic characteristics.
Figure 7 (a).- Effect of a 0.20c full-span lower-surface perforated single nplit flap located on a
line through the 30-percent-chord stations of the airfoil sections of a 60-inch
span 31 tapered NACA 23012 airfoil.
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Figure 8.- Effect of 0.30c partial-span lower-surface center-section perforated single split flape
located on a line through the 30-percent-chord stations of the airfoil legtions on the
aerodynamic characteristics of a 60-inch span 3.1 tapered NACA 23012 airfoil. SfL,SO .
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Lift coefficient, Cy
Figure 9.- Effect of 0.20c partial-span lower-surface tip-section perforated single split flaps
located on a line through the 30-percent-chord stations of the airfoil sections on the
aerodynamic characteristics of a 60-inch span 3:1 tapered NACA 23012 airfoil. SfL,60°.
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located on a line through the 30-percent-chord stations of the airfoil sections.
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Figure 10.- Effect of flap span on some of the aerodynamic characteristics of a 60-inch span 3:1
tapered NACA 23012 airfoil with 0,20¢ lower-surface perforated single nplit flaps
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Figure 12.- Computed time-history characteristics during deceleration of an airplane equipped with
fighter brakes consisting of 0.20c full-span perforated double split flaps located
0.80c from the wing leading edge.




