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WIND-TULFEL INVESTIGATION OF PERFORATRD S8PLIT FLAPS

" FO0H USE AS DIVE BRAKES ON A TAPERMD NACA ~23012 AIRFOIL

By Paul E, Purser and Thomas R, Turner
SUMHARY

) derodynamic characteristice of -a tapered NACA 23012
alrfoll with single and double perliorated split flaps
have been determined in the YACA 7- by l0-foot wind tun-
nel, Dynamle¢ pressure suarveys wers mado bechind the alr-
foll at the approximate locatlon of the tall lIan order to
determine ithe exteant and location cf tho waks for several
of the flap arrangements, In addltion, computations have
been mado of an application of perforated double split
flaps for use as fighter brakes,

Thn rosultes indicatod that =ingle or docudle perforat-
oed splic Flaps mey be used to otialn satisfactory dive
control without undue buffeting effects and that single
or doukls perforatad spilt flaps may also be used as
figuter brakes,

The perforated eplit flaps had approximately the
sano offects oa tho aorodynamlc and wako charactoristios
of tho taporod airfoll as on a comparable recctangular
airfoll,

INTRODUCTION

The WACA has undertaken an extensive investligation
for the purpose of developing devicoes sultable for limit-
ing the diving specds of alrplanes., 4As a part of this
invegtigation a study has been made of test resulis ob-
talned during the development of devices designed primari-
1y for other purposos, such as high 1ift or lateral con-
trol, but wkich may also bo usod for divo coatrol. Tho
slot-lip alleron combined with a full-span slotted flap 1is
one of those dumsl-purpose devices, and data for  its use
have bosn presontod im roforomeco 1, 4 study was also
made of a large amount of uncorrelated data on varlous
alrfoll-flap comblnations from tests previously made for
the Bureau of Aeronautics, This study indlcated that per-




forated double split flaps would give the deslred charac-
toristics for use as dlve-control devices, Tollowlng
this study, an lnvostigatlon was made of sevoral arrango-
monts of single and doublo split flaps on a roctangular
NAOA 23012 alrfoll {(reforonce 2) to determino in moro de=
tall tho aorodynamlc and wako characterlstlics of thoso
dovlces in ordor that designers might moro closely evaluate
taeir ef’ects on the perrormance or coxaplete airplanes,
Tho prosont tosts woro uwade to dotormlno tho aerodynamic
and wako charactoriptics of some of tho singlo and doublo
split-flap arrangomonts on a tapered NACA 23012 airfoll,

AFPARATUS AND TESTS

lodel

The airfoll model used (fig. 1) was of laminated mahog-
any built to the ¥AGA 23012 profile, The model was tapered
3 to 1 in plan form with a span of 60 inches and an aspect
ratic o 6,0, The trailing edge of the model was straight
and the maxiowum upper-surface ordilunates of tho varlous seg-
tions wore 1n ono »lanoe. The perforated split flans were
made of sheet steel and had a chord of 2 inches (20 per-
cent of the airfoil mean geometric chord), The porfora=-
tions in the flaps wero symmctrically spacod circuler
holos (seoc flap dotail, fig, 1) and removed 33,1 porcont
of tho original flap arnea, In order to facilitate partial-
span~flap tests each flap was made in ten equal segments,
eachh segment naving a span of 20 percent of the alrfoil
semispan, Thoe segments on each semispan wero numberod
from 1 to 5 proerossivoly from tho plano of symmetry out-
baard to the airfoll tip, 8plit-flap doflections wore
moasurod with rospoct to the airfoil surfaco at theo hingo
point and the gap between the airfoll surface and the
flap was sealed wlth modellng clay,

¥ind Tunnel and Equipment

The tests were made ln the NACA 7- by lO0=-foot closed-
throaet wind tunnel dcscrlbed in reforences 3 and 4. Tho
wako survoys woro made with a rako of oight 3/8-inch dlam-
etor pltot tubos svacod 2 1inchos apart, Tho rako was ad-
Justable so that dynamic prossuroc could bo recordod at 1=
inch intorvals along a vortical lino 27 inchos long vhilch
was locatod 30 inchos (3,0c) behind tho gquarter-chord



point of theo alrfoll mean aerodynamic chord and 5 inchos
(Qe5c) to tho right of tho planc of symmotry. This posi-
tion was believed to be ropresontative of the location of
the khinge line and midpoint of the semispan of the hori-
zontal tall surfaces of alrplances on which divoe-coatrol
devicos would bo used, Theo ratlo of tho dynamic prossures
in tho wako Yo tlo dynamio pressures at tho samo points
witlh tho modol removed (support strut in place) was dotor-
minod from readings on an incllned-tube alcohol manometer,
Figure 2 1s & three-guarter roear view of the model mountod
in tho wind tuanol,-

Tosts

Test _conditions.~ The dynamlc pressure meintainod for
all tests was 15,37 pounds per amsquare foot, which corre-
sponds to n veloclity of about B0 miies per hour under
standard soca-level condltlons and to an average test
Reynolds number of 609,000 bas=sd on the moan geomctiric
ckhord of tie modol (10 in,),

"azt nrogedure.~ The testa conslsted of the determi-
natlv of the 1ift, drcog, and »itching-moment coofficlents
and o2 the woake characteristicc for vorlous arranpgements
of tho flaps, Doudblo cplit flaps woers locntod 20 percent
of tho mean gecouactric chord from the alrfoll tralling
odgo and sfiugle split flaps (lower surface) were located
on the line o the 30-veorcoent-~chord stations of tho alr-
foll sectlone, Thre forces and mouents wore detoerminod at
intervals of 2° throughout the aangle-of-attack range fronm
bolow zoro 11ft to abovo mazimum lift, Tho wake purvoys
wvoro nado at intorvals of 4% throughout the samoe argle-of-
attack rango,

Ko tests wore made with the flap perforations covered
slince the data in referencs 2 showed that while coverilng

the perforations 1ncreased the drag coefficlent, 1t also
caneed a very unstoady corndition of tae model,

3SULTS AND DISCUSSIOXN
In the nresentation of results the following symbols

are uged:

Oy, 11ft coefficient, L/q.S




whore

and

3]

(43}

drag coofficient, D/q,8

Pitchling-moment coefficlent about the gquarter-
chord point of the alrfoil moan acrodynamic
chord, m/qocS

drnamic pressuro retlo

11£¢
drag
pitching momont
dynamic prossuro at point ia wako, % P A
averago dynamic prossuro for air strean,
5 P V72
airfoll moean goometric chord

airfoll mean aerodynamic chord, chord through
centroid of area of airfoll semlspan

flap chord
alrfoll area
alrfoll span

flap span

angzle of attack
upper—-surface spllit-flap deflection

lower-surface split-flap deflection

The subscript L, refers to the characteristics at zero

lift,

Since tae support strut interference and tares were
relatlively small, these corrections were applied only to
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the plain airfoll data, The standard Jet-boundary correc-
tions which _woro appliod to a11 tho forco-test data aro:

L R ]

aQle qja

- a
a0y, = 82 oy

where O 18 the Jet cross-sectlional area, 4 value of

8 = 0,1126 for the closed-throat wind tunnel was used in
correcting the results. It should be noted that due to
tho various span-load dlstridbutlions of the alrfoil with
tho varilous split-flap arrangements, these corrections
are not strictly applicable to all the data, ¥o correc~
tion for tunnoel effoct has boon applled to the wake loca=-
tion, Thils correction is small because of the relatively
small modol used,

Double Bplit Flaps

THo aorodynamic and wake characterlstics of a 60-1inch
span 3-to0-1 tapeorod HACA 23012 alrfoll wlth doubleo split
flaps located 0.20¢ from the airfoll tralling edgoe aro
pregented in figurese 3, 4, and 5, The aerodynamlc charac-
teristlcs are presented as curves plotted agalnst 1ift
coofficient; and tho wako charactorlstlcs are shown as
curvos of dynamic pressure ratio, q/q,, plotted against

distance above and bolow tho oxtondod chord line of tho
root soctlon of tho alrfoll, Tho mothod of presentling the
waxe charactoristics 1s 1llustrated ian figure 4, The
double split flaps had practlcally the same effects on the
aerodynamlic and wake charactoristics of the tapered alr-
foll as they had on those of the rectangular alrfoll of
reference 2, The wake surveys were made of selectod rep-
resentatlve arrangements based on the resulte of reforence
2 and the data presonted are sufflcient to show the wake
charactoristics of all arrangemonts,

Sinco the asrodynamlc characterlistios at and near sero
11ft were considered of particular interest to the de-
signer, the results from figures 3a and 5a were plotted
agalnst-flap epan 1ln figure 6. Nelther flap span nor alr-
foll plan form had a marked effect on the plitchingwmoment
coefficlents or angles of attack at szero 1lift, The drag
cooefficlents obtalned with center-~section doudle split
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flaps were practlically the same for both the tapered air-
foill and the rectangular airfoil of reference 2, dbut the
‘$ip-section flaps gave hlgher drag coefficients on the
tapered airfolil than on the roctangular airfoil., On both
alrfoils the conter-section flaps allowed higher avallable
maximum 1lift coefficlents than the tip-section flaps ex-
cept for one uroexplained instance (60-percent-span flaps,
fig, 6). The difforenco botwoon the maximum 1lift cooffi-
clonts obtalnable with the contor- and tip-soctlion flaps
was less for the tepwred alrfoll than for the rectangular
airfoll of reforcnco 2,

fingle Split Flans

Tho aesrodynamic and wake characteristics of a 3-to-1
tavered NACA 23012 airfoll wlth lower-surface perforated
split flaps located on a line through tae 30-percent-chord
statiors of the airfoll sectlions are shown in figures 7 to 9,
The use of these flaps produced the same large decresso in
angle of attack for sero 1lift on tac tapered alrfoll as on
tho rcciangular eirfoil of rofcroaco 2, Sinco the asrody-
namic characteristics at and roer zoro 1lift wero consid-
orod of porticular intorost to tho designer, tho results
of f£izaros 8 and Y word roplottcéd ngaiunst flap span in
filgurc 10,

In view of the agreement shown between the tapored
alrfoll tceits and the rectengular alrfoll tests of rofer-
ence 2, the two sets of data togetier should afford suffi.
clent information for the prediction of the performance
of porforated spllt fleps when used as dive brakes,

Diving Specod

The relatlonship betveen drag coefficlent, wing load-
ing, and irdicated velocity for an alrplane 1n a vertlcal
dive ie shown 1n figure 11, TFor other diving angles, tle
velocity givon on the chart should be multiplicd by tho
square root of tho sino of the diving anglo, roforrod to
the horizontal, ZFrom this chart, the data in figures 3(a)
through 10, and the data in figures 3(a) through 21(2) of
reference 2, it may be shown that the use of full-span
perforated double sprlit flaps would probadbly limit to 200
milen per hour the indiceted diving speed of an airplane
wlth a 7lng loading of 35 pounds per square foot and lim-
it to 250 mliles per hour the diving speed of an alrplane
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with a wing loadlng of 55 pounds por square foot. Corro-

“"gponding valuo® "obtalned wlth the use of perfofated sin-

gle split flaps are: 200 miles per hour for & wing load-
ing of 30 pounds per square foot, and 250 miles per hour
for a wing loading of 45 pounds per sguare foot,

Fighter Brakes

In addition to the need for devices which will reduce
the diving speeds of alrplanes, 1t appears that a need
has arisen for some device which wlll temporarily reduoe
the speed of attacking fighter alrcraft in order that the
Pilot will have more time for firing, 8Some of the roguire-
monts which a fightor brake should mcot are: 1littlo or no
chango 1n tho attitudo of the alrplano with flxod controls,
sufficlont increaso in 1ift coofficlont during oporation
of tho brakos to mailntaln lovol flight as tho spood is ro-
ducod, and onough incroaso 1la drag coofflclent to docolor-
ato tho airplano within a reasomadle timo aftor tho brakos
aro appliod,

An application of fightor brakos to an alrplane with
a wing loadling of 30 pounds por squaro foot has boon com-
putod by an approximate, stop-by-stcp mothod, Tho arrango-
moat usod was tho full-span porforatod doublo split flaps
locatod at 0,80c on tho roctangular NACA 23012 alrfoil
(fig. 3(a), roforonce 2), It was assumod that both tho
uppor-surfaco and tho lowoer-surfaco flaps woro deflocted
to 50° within 1 second, and thon tho uppor-surfaco flap
remained stationary whilo the lower-surfaco flap was de-
flected to 60° in such a manner as to afford sufficient
increase 1In 1lift coecfficlent to malntaln level flight at
the reducod speeods without a change 1n angle of attack,
Although maintaining a constant power output of the englne
would slightly decrease tho offectivo drag incromont and
increaso tho timo roqulirod to slow down, this offect was
neglocted in ordor to simplify tho probdblom,

The results of the computations are gliven in filgure
12, which shows curves of speed; lift, drag, and pitching-
moment coefflclents; angle of attack; flap deflection;
and acceleration plotted against time. 4As is shown in
figure 11, the use of full-span poerforated double split
flaps should reduce theo airplane speod from 300 milos por
bhour to 176 miles per hour in abdbout 8 seconds, with a
nogligiblo chango in anglo of attack and a change 1n wing
pitching-momont ooofficient of only —-0,03, It should bo



noted that at the end of the 8 seconds the alrplane still
has a deceleretion of about 0,6g and in order to continue
ia level flight the 1ift coefflciont must be lncreased by
an lncroase in angle of attack or by a docrcase in tho
uppor-surfaco flap dofleoctlion (which would also docroase
tho drag coofflciont and deceleration),

The offect of the flape on tlhe pltchlng-moment coeffi-
clent due to the tall should be determined on a completo
modol of any proposed installation. Also & moro complote
dotoermiratlion should bo mado of tho variatlon of 1i1ft and
drag coefficients with flap deflectlon, since the 1ift and
drag data used 1n computing the characteristics shown in
figure 12 were takon from curves drawn betwoen Sf = 30°

and 8, = 60° with no intormcdiato points,

In uwelng douole split flaps as fiszhter brakes, the 1in-
1tial accelaratlion of 1,.1lg could be reduced by decreasing
the initial 30° flap daflection or by reduclng the rato of
deflection and using a differentiial between the two flaps,
80 that the greanter deflectlon of the lowveor-~surface flap
wonld supply tkhe 1ift coefflclonts needod to malntalin a
constaat anglo of attacl,

It alsn apponrs posslblo to use lower-surface rerfo-
ratod 9split {laps locatod nonar tho wing leadling oeodgo as
fighter brakes if a somewhat lower docoloration and some
chango in the attitudo of tho alrplane is conslderod ac-
coptablos

Operating Fercos

4 lergo emount of data has boon published on the
hingo-mcrent charactoristlcs of various split-flap combil-
nations, somo of wnich are vrosontod la reforoncos 5 to 8;
and tho hingo-momont charactoristics of a slot-1in alloron
for uso as A dilvo brako whon combined with a full-span
slottod flap are prosoatod in rcforonco 1, Comparatively
l1ittle is iknown, however, about the eoffects of flap per-
forations or of various methods of operation on the forces
requirod to deflect split flaps., Some work has been done
in England on varlous methods of oporation of split.flaps
(roforonco 9) and briof mention 1s made of the loads to be
oxpected on dive brakes 1in a report of some German re-
search (reforonce 10), The dive drakes of rsforenco 10
woro slats placod normal to the alrfoll surface with a gap
between the alrfoll and the 'slats, Pressure distribdutiom
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tests on thesse nlats indicated that the load on the slats
"was about 765 perdent of the-Arag” lntreade and that the
distribution of this load on the slat was approximately
rectangular, ' . '

Addltional research 1is recommended on the effects of
perforationzs and method of flap operatlon on the hinge-
moment characteristics of perforated split flaps,

CONCLUSIOXS.

. The results indicated that single or double perforated
split flaps may be used to obdtain satisfactory dive con-
trol without undue vaffeting effects and that sinzle or
double perfeorated cplit flaps may also Ye used as fighter
brakes,

The perforated opllit fiaps have aporoximately the same
effecta on the aerodynamic and wazo characteristics of the
tapered airfoll as on a comparablo rectangular airfoil,

Langley liomorial Aoronautieal Laboratory,
Jational Advisory Committoe Zor Aoronautics,
Langloy Xleld, Ya,
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FisURE /.- The 373 / tapered NACA 23012 airfor/ with O.20c¢
perforated split flaps. Perforations rermove 33./
percent of the orginal flap area. Airfoil span, 60inches;
mean geometric chord, I01r.; mear aerodynamic
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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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Figure 4.- Wake characteristics of a 60-inch span 3:1 tapered NACA 23012 airfoil.
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Lift coefficient, Cy
(a) Aerodynamic characteristics.

Figure 5 (a).~- Effect of 0.20c partial-span tip-section perforated doublas split flaps located
0.20c from the 811'!011 tg;iling edge of a 60-inch span 3:1 tapered NACA 23012

airfoil. BfU,SO s GfL,SO .
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