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VIND-TUNNEL INVESTIGATION OF PERFORATED
. SPLIT FLAPS FOR USE AS DIVE BEAKES ON
"AL RECTANGULAR NACA 23012 AIRFOIL

By Paul E. Pirger and Thomas R, Turner
SUMMARY

Aerodynamic characteristice of a rectangular NACA
23012 airfoll with single and doudble perforated split flaps
have been determined in the NAGCA 7- by 10-foot wind tunnel.
A large range of flap spans and defiections and a large
rango of spanwise and chordwise locatlions of the flaps
were investigated. Dynamic presrure survoys were made be-
hind the wing at the epvroximate location of the tail, in
order to dotermine tho extont and location of the wako for
ezch flap srrangoceat. Tosts were also made with a full-
span plaln flap to determino the effoct of the various
8pllt~-flap arrangcmants on alloror control.

The resultn indicated that oingle or double perforated
8pllt flaps may be usod to ovtaln satinfactory dive con-
trol without undue duffcting effocts, and that i:alle lat-
ceral control may be odtaincd with a »lain alleron bellrd
slngle opllt flanms, the alleron 1o effectivcly bvlanketed
acd rondercd uwseloss bchird double s»lit Tlaps. Additional
tests are recommended to develop a satlisfactory lateral-

control device for use with the perforated doudle split
rlaps.

INTRODUCTION

The NACA has undertaken an extensive investigatiorn
for the purpose of developiny devices gsultadvle for limit-
ing the diving speeds of alrplanes. 4gs a part of this in-
vestlzatlon, a study has boen made of test results odtained
durinz the development of devicee deslgred primerily for
other purposes, such as ai_h lift or lateral control, dut
which ma¥ aloo be used for dive control. The slot-lip al-
leron combined with a full-span slotted flap i1a one of
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these dusl-purpose devices and data for its use have bsen
presented in refercnce l. A studr has also besn made of &
large amount of uncorrolsated data on various alrfoll-flap
combinations from tests previously made for the Bureau of
Aderonautics. This studyr indioated that porforated doubls
split Tlaps would give the desired characteristics for use
as dive-control devices, The present investization was
made to determine in more detail tho aerodyrranmic charactor-
istices of varlous arrangoments of single and double split
flaps on a roctangular NACA 23012 airfoll, and to dotor-
wrine the wake characteristics of theso devices in order
~that designers may more closely evaluate thelr effects on
tho performance of complete airplanes.

APPARATUS AND TESTS
Hodql_

The airfoil nodel used (fig. 1) was of laminated na-
hogary bduilt to the NACA 23012 profile. Tho nodel was
rectangular in plan form with an aspect ratio of 6.

(10-in. chord and 60-in. sparn). The perforated split rflaps
were made of sheet steel and had & chord of 2 iznchos (20
bercent of the alrfoil chord), Thse perforcotions in tie
flaps were syrnumetrlcally spaced circular holes (seo flep
detail, fig. 1) and removed 33.1 percent of tho_original
flap area. Ir order to focilitate partial epan-flap tests,
eccl flap was made in ter equal sezments, cach sogment hav-
in, a span of 20 percent of tiae wing senlspan. Tho seog-
ments o2 each senlapan wore aurnbored from 1 to 5 progros-
sivoly from tho planc of sromotry outboord to the wing tip.
Split-flap deflections wore moasured with resmoct to.tle
eirfoll surfaco at the flap hiage point, ~nd oxcopt vwhoro
otherwise spoclfiecd the gap  -betwecon tho airfoll and flap
was soalod with modelirg clay. The 20-percont chord plain
flap was oullt of laminatod mahogaryr ond the gap botwoon
tho airfoll and flap was sealod with celluloso tape. Plain-
flap defloctions werec nmensurod wita resmecct to thoe eirfoll
chord lirno.

¥icd Tunnel ﬁnd Equipnernt

The tcsts woro nmado ir the closod-taroat NACA 7- by
10-foot wird turnel douscribvod iz roforecrncos 2 ard 3, Tac
wako survors woreo nmade with o rake of eight-ﬁ-incﬁ pitot
tubes spaced 2 inches, The rake wos adjustadlec so
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that dynanmlic pressure could be recorded at l-inch inter-

‘vals along & vertical line 27 izncaes long which was located

30 inches (3.0c) beshind the quarter-chord point of the air-
foll and 5 inches (0.6c) to the right of the plane of sym-
metry. Thls position was belleved to be representative of
the locatlion. of the hinge line and midpoint of the semi-
span of the horisontal tall surfaces of alrplanes on wialch
dive-control devices would de used. The ratio of the dr-
namlc pressuroe in tho wake to the dynamic pressures at the
same pointe with the modol romoved (support strut in placo)
wore dotormined from reoadings of an inclined-tube alcohol
menonoteor,

Fijure 2 ia a throo-qﬁartor rear viow of the model
mountod in the wind tunnol.

Tests

Iest _conditiong.~' The dyramic pressure malntained for
all tests was 16.37 nounds per square foot, which corre-
sponds to a velocltyr of about 80 miles per iour uader
stardard sea-level conditions and to an average test
?arnold§ aumber of 509,000 based on the chord of the model

10 in.).

Ieoagt_proceduro.~ The tosts conslstcd of the determina-
tion of tho 1lirt, drag, and pitching-momont coefficiente
and of the wako characteristics for various deflcetions
and locations of the flaps. Doudlo split flaps were lo-
cated 60 and 80 percent of the chord from the airfoll lead-
ing edge, and single split flaps (lower-surface) were lo-
cated 10, 20, 30, 40, 60, and 80 pbrecent of the chord from
the airfoll leadin; edge. In wddition, several tests wero
nmade with the full-gspan 20~percent-chord plain flap de-
flected %202 to determine the effects of the various split=-
flap arrangemonts on nileron control. The forces snd mo-
monts were dotermined at intervals of 2° throughout the
anglo-~of-attack range from bolow zoro lift to abovo.maxi-
mum. 11Ft, Tho wako surveys wero nade ant intervals of 4°
throughout the samo range.

RESULTS AND DISCUSSION

In the presontation of results, the following srudbols
aroc used! '
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Sinco the suppart-strut interference and tares were

-relatlively. small, tnese corrections were applied only to

the plain-airfoil data. The stendard- Jet-boundary correc-
tions which were applied t0 all thé force-test data, are:

bay = 8 £ oy, 57.5°

‘288 c
Aonl C L

where C 18 the Jat crospa~sectional area. A4 value of

8 = 0,112 for the clossd-throat wind tuanel was used 1n
corracting the results. It should be noted that, owlng to
the various span-load distributlione of the airfoil with
the various split-flap arrangemorts, these corroctions ars
not strictly anplicablﬂ to all of the data. No correction
for tunrel effesct has been applied to thc wake locatilo=r.
This correctior 1s small becmuse of the relativelyr small
nodel used.

Doublc Split Flaps

Tho aorodyramlc and wake characterlstics of a rectan-
sular HACA 23012 alrfoil with double spllit Ilaps located
0.80c from the airfoll leadin, odge aro presented in Tiy-
ures 3a to 7?b. The aerodyranic characterlistices are pro-
sertod as curvos plotted agalnst 1ift cocffilclent; =and the
wekec claractoristics aro shown as curves of dyramlc pros-
surc ratio, q/qo. plotted agalinst distarco above ard de-
low the oxtorded chord liro of the alirfoll.

Tho rosults prosextod in figures 4a a=d 4b skow the
effoct of the alrfoll tralling odeo and of the flap porfo-
ratiocs on full-span and partial-spar double split flaps.
Renmovirng the ailrfoil tralling cdge from behilrd the full-
span. perforated flaps had practically zo effect on tho
walke or on the aorodrramic charactoristics at zero 1l1ft
but 41d appreocladly incrcaso-the avalladle naxinun~1lift
coefficlent, Covering the perforations ir doth full-span
and partlal-sparn flaps increased the drag coofficlent but
causod an unstendy condition. of the model which was 1ndi-
cated by the anplitude of the scalo doflooctione, aznd which
was not ercounterod with tho perforated flaps. Perfora-
tiorne which removo an aroa of about 30 percont of the orlg-
inal area of full-span double eplit flaps reoduce the lncre-
nent of drag coefflclent nt zoro lift b7y adbout 15 percent.
These data agree with the previous daota montioned in the
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Irtroduction. Botli sets of data indicate also that the irn-
crenent of drag coeofficliont caused by unperforated full-
span doudle split flaps at zero 1lift may bPe reasozadly pre-
dictod b the fornula:

Acp = 0.0031 E**2°F

whera H, 1ia percornt iing chord, 1s the total projected
frontal helgyht of the airfoll and flieps.

Various partial-span arrangements of the doudle split
flaps (figs. 5a through ?b) were tested in an attempt to
increase the total drag by utilizing induced drag, to iz~
crease the maximum-1lift coefficilent available for the pull-
out, and to lower the wake 1in order to keep the horizonteael
tall surface out of the disturbed air flow. The drag and
maximum-1ift coefficlents were not appreciablr affectod
but the wake cpa?acterietics wore deflnitely improved.

-Sinco the aerodynamic characteristics at and near
zoro lift were considered of particular interest to the de-
slgnor, the results from flgures 6a and 7a wore replotted
agalnst flap span in rfigure 8a. The partial-span conter-
sectlon flaps gave highor drag and algher maximum-1i7t co-.
efficlents than the tip-eection flaps at the same angle of
attack and pitching-momont coefficient. The incromeant of
.drag coorfficlent was approximately proportional to tae
flap spar. The conter-soction flaps naturally produced a
larger weke in the region of the tail surfacoes than did
_the tip-scciion flaps. Thig offect con be seon in fizuro
8b, which 1s a serios of onvelopos, from the angle of attack
for zoro 1lift to near the angle of attack for maximum 1ift,
of theo wake curves of figures 1b, le, 6b, ard 7b.

" The aorodyrnanic and wake chaaracteristicse of the rec-
tengular HACA 23012 airfoil with full-span and partiel-
spen perforated doudlo split flaps located 0.50c from the
elrfoll leading edgo mre prosented in fliijures 9a and 9b.
Thoso results show thaot moving the flaps forward incroased
the drag coefficlent, due to the increased frontal projoc-
tion, but that the avallabdle moaximum-lift coefficilent was
codsidoradly reduced. Because of tho large reduction in
naxinun 1ift with tho movemont of the flap forward, no
further tosts wore made with an uppor-surfaco flap forward
of the 0.80c location.



http://www.abbottaerospace.com/technical-library

Luit5

Single Split Ilaﬁs

" The aerodrnamic and wake -¢haracteristics of a-rectan-
gular UACA 23012 alrfoil with lower-surface perforated
8pllit flaps located at 0.10c¢, 0.20c¢, and 0.30c fron the

airfoll leading edge are presented ir flgures 10a to 13D,

The use of these flaps produced a 1arge change in the an-
Ele of attack for kero 1ifs.

An attenpt was nade to decrease the change 1n angle
of attack for zero 117t Dy introducing a gap between the
airfoil surfaze and the flap (fiz. l4n). Tie presonce of
the gop decreasod tne anglo-of-zttack change and had no
approclable effect on the other aarodynanlc cnaracteris-
tics. One test (fig., 14a) wita two-tairds of tho perfora-
tiors covered, produced the same rcsults previouslr noted
iz the &iscussion.of the doudle split rflapsé ar increaso
ir tho dreg coefficleont, dut also a dofizitely urstendr
condition of tho model. )

The rosults of the tests, with a 0.10c¢ gap detwoen

‘nirfoil surface cnd flap, with tho fiap located 0.40c,

0.60c, acd 0.80c from the ~lrfoll leadlny evdge sre glvern
ir fl uros 152 to 1léb. Lioving tac flap And little effect
orn the nungle of attacl for zero lift, dut as the flap vos
noved back the maxinum-1ift anxd ncbativa sitchlng-nonexnt
cocfficlonts increased aand thoe drag cocfficioat at zero
1ift decrcascd.

Another attenpt was nade to izprove the charactcris-
tlce of tho airfoll with the flep located at 0.40c with a
0.10c " gap br doflectirg tho trailing-edgec plain and uppor-
surface porforated split flaps (fige. 17a and 17b). Tae
use of olthor of those trailing-odze flaps chenged the an-
g€le of attack For zoro 1lift from a large anezative valus to
a snall poslitive volue and inereasod the drag coofficlent
slightlr. Tho trallirg-odge flap, howvover, docroascd tle
naxlaun-1ift coofficiont, incroasod the positive piteciaing-
nonont coofflclont, and ralsed tae. wake so tlet 1t was
nearer tho location of tho tail surfacos. The advnntages
of tio swsten could probablr be roalizod without encoun~
tering tho dlsrdvantages by using partial-spen tip-soction
uppor-surfaco porforated split flaps, or by up-rigging a

- Plaiz, plug~trpe, slot-lip, or upper-surface ‘ailpron.

Tho results of tcests of vurions'partialéspan-arradgn-

" ponts of the lowor-surfaco porforanted split flap» located

at 0.40c with a 0.10c gap ~re presoztod in figurcs 1l8a
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through 20b. 8Since tho cheracteristice at and near zoro
1ift were conslderocd of particular interest to the do-
slgner, the rosults from figuree 192 and 202 wero roplot-
tod against flap span in figuro 2la, and tho wako-curvo
onvelopoes are preseated in fi, ure 21b. The sgingle split
flap was sinllar to the doudble split flaps, iz that the
Ancreneat of drag coe’ficlent duo to the flaps was approx—
icatoly proportional to flap span and in tiat the tip-
soctlon flap gave nuch snaller wakse 1n tie roglon of tho
tall. Unlike the doublo aplit flapas, tho tip-sectioxn
singlo split flap gave slightly bettcr aerodyzanic charac-
teristics than did the cexnter-noctior Tlnps.

The results ir Figuros 10a throush 21la irdlcated that
tho fornule devcloped for the prodletlon of drag cooffl-
. clcats dus to the doudblo opllit flaps was mot dlroctly ap-
Plicadblo to tho singlo split flars. i

Diving Spood_

. The relationsiip between dra, coefficient, wing load-
ing, and indicated velocity for an airplane in a vertical
dive is .shovn in fi_ure 22. TFor otaer diving argles, the
veloclty glven or the chart should be multinlied by the
gquare root of the sire of the dlving angle, referred to
the horizontal, ZFron thls chart and the data ia figures
3a throush 2la, 1t nar be showa that the use of full-span
porforated double split flaps would prodadl;r lialt to 200
Bllos per hour the indicated diving speod of cn alirplane
.with o ving loading of 35 pounds per squars foot, and lin-
it to 250 milos per hour the dlving speocd of an eirplane
with a wing loadine of 55 pounda per square foot. Corre-
spondinh values obtalned with tho use of perforated single
. 8plit 'flaps are: 200 milos por hour for a wing loadlng of
30 pounds per squaro foot, and 250 niles por hour for & :
wing 1oadinb of 45 pounds por squaroc foot.

.Allcron Control

"Tests wvere nado  to dotcrmiro tlae \’foct of tho nor-
foratod doudlo split flaps on tiao latoral control a7ailable
from a plain aileron br deflecting a full-span plair flap
bohind tho doublo split flapo. The rogults of thosc tests
whon comparod with tao results of tosts of tho plaian flap
.on tho Plaln nirfoll irndicated thet the double split flaps
would offectivelr dlarckot a plaln alloros n~nd ronder 1t
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usoloss for obtalning latoral control. (Seo figs. 23, 24,

.ard 25.) One interesting possibility for obtalning lat-

eral cortrol for s wing equippod with -doudle. split. flaps
is suggested by the results ig. 3a) of tests made with .
differential deflections of the two flaps. If the out-
board portions of the double asplit Tlaps were nounted on
the regular gilerons, the regular alleron svston would
provide laterzl control. The-lower-surface’ £lap could be
deflocted to a highor angle than the upper-surface Ilap
in order to obtaln an upfloating téadeney which, when usod
wit: a difforontial alloron linkage. would terd to reduce
the high uiloron-oporating forces taat night othorwiao be.
encountorod.

Tho rosults preosented in figuros 23, 26a, and 27 ir-
dlcate thot o porfornted lowor-surfaco flap with a 0.1l0c
gap bYetwoen the nlrfoll surface and the flap has little
or no detrlimental coffect on the lptoral cortrol to bo oo-
tainod fron a Hlain nileroa.

COICLUDING RELARKS

Tho drtn presontod indicnto that Joudle or sinlo
s»lit flaps nay bo used to provlle satlsfactory &lve con-
trol wltlout undue duffeting effcete 1f thec flad area 1s
reducod adout 30 porcent dyr perforatiorns.

Walle tho lateral corntrol avalladble from o lain
rlleron aploarel to be practically unafrfocted D 2 perfo-
ranted lovor-surface s»lit flap with a gan betwoeor the alr-
foll suriace and flap, thc alloron was offcetirely Hlark-
oted end rcondorod usoless whorn dcalnd the perforated dou~
ble s31lit flaps. Aiditionnl tests are rocornroanded to do-
velop a latoral control devico for usc with the perforatod
doublo s31it flops.

Longloy llenarial Aoroznutical Lavorantory,
lational Advisorv Oon:ittea for Aoronnutics, °
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Figure 24.- Effect of a 0.20¢ full-span traill e plair flap on tk» asrodymamic ocharacteristics of a
10-by 60-inch rectangular NACA 33012 airfeil with 0.200 full-span perforated double split flaps

"located 0.80c from the airfoil leading edge. ey, 80°; agn,soﬁ'.
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Figure 25.- Effect of a 0.20c full-span trajling-edge plain flap on the
aerodynamic characteristics of a 10- by 60-inch rectangular
NACA 23012 airfoil with 0.20c full-span perforated double split
flaps logated 0.60c from the airfoil leading edge. GfU’ 60°;
6¢. , 60°.
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Figure 26a.- Effect of a 0.20c full-span trailing-edge plain flap on the
aerodynamic characteristics of a 10~ by 60-inch rectangular
NACA 23012 airfoil with a 0.20c full-span perforated single split
flap locat®d 0.60c from the airfoil leading edge. Gap between
airfoil surface and split flap, 0.10c; afL’ 900,
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Figure 37.~ Effect of 0.30c fill-gpan traili plain and upper-surface parfarated split flaps on the
asredymemie olmracteristics of a 10-by 80-inoch rect FACA 33012 airfoil with a 0.30¢

full-span perfesated lewer-surface.split flap lecated 0.40c_from the airfedl leadimg edge. Gap
betweesn ailrfoil surface and lower-surface split nlp,o.IOe;GgL,W.
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