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WIND-TUNKEL INVESTIGATION OF AN NACA 23012 AIRFOIL
N WITH TWO SIZES OF BALAXCED SPLIT FLAP

3y Thomas A. Harris and Paul E. Purser

SUMMARY

An investigation has been made in the NACA 7- by 10—
foot wind tunnel of an NACA 23012 airfoll with a l15-percent-
chord and a 25-percent-chord balanced split flap of the
Clark Y profile. The investigation was made to determine
the merodynamlc section characteristics of the alrfoll as
affected by the slze, nose locatlon, and deflectlion of the
flap. Complete merodynamic section characteristics wers
determined for several nose locatiors of each flap and are
. presented for four typical locations for each flap. A4
| comparlson of the drag ard 1ift characteristics is made
: with two other medium-chord flaps previously investigzated.

The optlmum arrangement of either of the balanced
spllt flaps, frorm conelderation of meximum 11f%t coeffi-
clents and minimum profile-drag coerficients for take—off
and climb, was 2 combination comparable tn the Fowler flap.
When comvarcd on a brsls o flap deflection for eguanl max-
Imun 1ift coeffliclontg, there was little difference in the
pltching-morent coerfficients for mny of the arrnngements
tostod. Any leak bctwoen the nose of the flap end the
lower curface of thes wing was harmful from consideration
of maximun 11ft coeificient, dbut if the gap was increased
to form a sultadle slot the maxirum 1lift coefficient was
increased. The results of this investigation furanish dats
sultadle for application to the design of any probable
split-flap arrangemeont.

INTRODUCTION

An invostigation of various high-1lift devices has boen
undertaken by the NACA to provide designers with aerody-
nanlic and structural data for the deslgn of wing-flap con-

" binations for improved safety and porformance of airplanes.
Aerodyrnanlc data for single-~slotted flaps on airfolls of
varlous thi{knesses have baen mnde avallable in roferences
1 through 6, for Fowlor and plain flaps on l2-percent thick
airfolls ir reference 1, nnd for aplit flaps on airfoils
of various thicknesses in reference 7. Structural data
for the single-slotted flavs are presented in references
8 and 9, for the plain flap in reference 8, for the split

flap in reference ¢, and for the Fowler .flap in reference
10. .
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Since ‘moat of the flaps in general use today are some
form of split flap, the investigation was extended to
flaps of the-balanced spllt type and the present report
presents aerodynamic data for two sizes of balanced splilt
flap on an NAQA 23012 airfoll.

APPARATUS AND TESTS

Models=

The bdaslic airfoell was dullt to the HACA 23012 proflle,
the ordinates of which a2re given in tadle I. .It has a span
of 7 foet and a.chord of % feet, and iz the seme vaslec nir-
foll used in reference 2. The rear portion of the airfoil
1s removable so taat flaps of varioue sizes can be used.

The 1l5~percent-chord and tke 25-percent~-chord flaps
were built of lamirated mehozany to the Clark Y profile
(table I). The apan of each flap wess 7 feet snd the chords
were 5.4 lnchos and 9 laches which are, respectively, 15
and 25 percent of the wing ckherd. The flaps were riglidly
attached to the main wing by four steol fittings which al-
lnowed a wilde sclection of nose locations for esch flap and
permitted deflecting the flans from 0° to 60° in 10° incre-
monts at each lccation (fig. 1), The nosc point of the
flap is defined ags the point of tangency of the flap
leadling~edge arc and a line drawn perpendicular to the
flap chord.

The mcdels were made to a tnlerance of +0,Cl5 inch.

Tests

Tunnel mounting.- The models were mounted in the
closed test sectlion of the FAGA 7- Dy 10~foot wind tunnel
so that they completely spanned the jet except for small
cloarances at either end (references 1 and 11), .The mailn
alrfoll was rigidly attached to the balance frane 9y torque
tubes which extended through the upper and lower bdoundaries
of the tunnel. The angle of attack of tho model was set by
rotating the torqus tubes with a calibrated drive from out-
side the tunnel. This type of installation closely approx-
imates two-dimensional flow and therefore the section char-
‘acteristice of the model being tested carn be determined.
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Tegt conditiongs.~ A dynamic pressure of -16.37 pounds
per’ square foot -was malntained for all tests, which corre-
sponds to a veloelty of about 80 miles per hour under
standard sea~level conditlions ard to an average test
Reynolds number of about 2,190,000, Because of ths turbu—
lence in the wind tunnel the effective Reynolds number,
Ry, (reference 12), was epproximately 3,5600,000. - RBR,,
for all tests, 1s based on the chord of the airfoll with
the flap retracted (3 ft), and on = turbulence factor of
1.6 for the wind %urnel. o g

Test of the balanced split flap.- The regular tests
consisted of force ard nmomen’ measurements with each flap
at each of 16 positions. Data were obisined at each flapd
vosltion at flep deflectlions from 0° to 60° in 10° incre-
ments. The complete angle-of-atiack range from =62 to the
ar3zle of attack for mazimum 1ift was covered in 2° incre-
ments for each test. o data were obtained above the
stall because of tLe unsteady condition of the model. -

ZSTULTS AND DISCUSSION

Coetflclents

All the test results are glven ia standard nondimen-
sionsal sectior céoffiqieﬁt form, corrected as éxpleined

in refarenco 1. '
oy .section 1ift coefficient (1/qc)
'cdo ~Boction profile-drag coefflcient (dO/qc)

Cr(a.e section pitching-moment coofrficient about.the.
“’o aerodynamic center of the plain airfoil

.(P(a,e_)blgcal
where’
1 ,éocﬁion:;ifg
4o ;égctiop profilé drag - =~

'm(a-c-)o sectlion pitching moment



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

q dynamic pressure (3 p V')
¢ -chord of the basic airfoll with flap retracted
and

angle of nttack corrected to infinlte aspect
ratilo

6¢ flap deflection, neasursd between the airfoll
chord line mnd tae flap chord line

Preclislon

Tte accuracy of the various measurements is believed
to lle within the folliowing linmits:

@ « o o . . . . %030 e . . . . £0,0006
° ! do(cz=100) ’

01 . . . :I:Q.o:’, cd . v io.ooz

e [ ] [ ] L ] 300003 6 . . ] . [) . LI ) iobao
B(a.c.)o 4

cg « » . . o *¥0,0003 flap position ., , , #0.00lec
Omin

No corrections were applisd for the effect of the hinge
fittirgs since thelr effect was dbelieved to be small., The
same fittings were msed on both flaps, therefore the rele
atlve rerit of tre two shouvld not be affected. No attempt
wad radce to detsimiae the effect of the break in the alr-
foil icwer surla~ze at the forward end of the retracted
flap (1lg. 1), eicce a simp’e cover mey be used to seal
the break when the flap is retracted.

Determination of Optimum Flap-Arrangehents

Xaximum 1ift.- Contours of flap rose locatlon for

clmax are presented in figure 3 for the 0.15c bdalanced

split flav. For flap deflections of 0° and 10°9, the hest
location is at the tralling edge of tLe alrfoil snd 0.06¢c
below the chord 1lina. At Aeflzcticas of 2C° and 30° the
Pcint remailrs at the trailiirg edces dut moves up to 9.01lEe
below the chord Iine. The 2C° fiap deflection zmave the
highest maxzimum 1lift coefficient reached wiih the 0.l1l5c
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balanced split flaps the valus was 2.68 and was slightly
higher than was reached with the 0.2566c slotted flap 2-h
- (feference 1) at.the seme deflection.. .When deflected 40°
or 509, the flap stalled and the 1lift decreased slightly.
The point for maximum 1lift moved to 0.05c ahead of the
trailing edge and 0.03c below the chord line. A%t the 60°
deflection the 1ift coefficient increased to nearly the
value obtained at the 30° deflection, and there was little
choice between locating the flap noee at the tralling edce
on the chord line or locating it 0.05¢ ahead of and 0.,0l5c
below that point. It is interosting to note that lccatlng
the nose of the D.15¢ flap 0.05c ahead of the alrfoll
trailing edge and 0.03¢ below the chord line gave, for de-
flectione of 40° or over., a maximum 1lift coefficient near-
ly 2s high as that given by the usual Fowler arrangement.
(See figs. % through 3%.)

The contours of flap location for ®loax for the

0.25c balanced split flap . are shown in figure 4. Tor de-
flections of 0° and 10° the best location is the same as
for the 0.15¢ flap, at the trailing edge of the wing with
a 0.06¢c gap. At 209 and 30° the flap position for maximum
11ft remains at the alrfoll trailing edge and moves up to
0.03c below the chord line. At 30° the 0.25c dalanced
split flap ic superior to the 0.2566c slotted flap 2-h of
reference 1, since it €ave a maximum lift coefflclent of
3.12. The 0.25c¢ flap did not stall at 40°, the maximum
1ift coefficient increased to 3.22, and the best location
was 0.0lEc below the chord line at the trailing edge of
the airfoil. The flap did stall, however, at defloctlons
of 50° and 609, and the lift decreased. For the 50° deflec~
tion, the best location was at the trailing edge on the
chord line, and at 60° the maximun 1lift coefficient was
the same at the trailing edge on the chord line and at
0.015¢c below that polnt. The 0.25c¢c flap differed from the
0.15¢ flap in that, for the larger flap, the Fowler ar-
rangenent wns superlor to any other arrangement from con-
sideration of maxinpunm 1ift coefficlent. The dotted con-
tours 1in figure 4 indicate that a leak or narrow gap be-
tween the flap nose and the airfoil is harmful for the in-
termediate flap positions. This ip in agreement with the
results 1n reference 13. The balanced spllt flap has an
airfoll shape, however, and a Zap is beneficial when the
flap is in the intermediste positions provided the gap is
over 2 percent of the airfoll chord in width. When the
flap is fully extended and is deflectod 20° to 40% the gap
is beneficial, provided 1t is less than 3 percent of the
alrfoll chord in width.

t
)

1
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From the contours of flap locatlon for oy . iz fig-

ures 3 and 4, the deBigner can determine %the maximum 11t
coefficlent to be expectod at any flap location and defloc-
tiox within tho range tested. The contours are not closed
for all flap deflections,but 1t 18 belleved that a suffi-
clent range of nositions was investigated to cover any
Probadle inetallation. ’

. Minimpum mrofile drag.- The contours of flap location
for %4, fcr the 0.15¢c valanced snlit flap presented in

figure 5, show that the »nlaeln alrfoll gave the lowest drag
at a 1ift cosfficlent of 1.0. At a 1ift coefficlent of
l.5, the 0.15¢ flap %ave a mininum cdo of 0,027 when de~-

flected 20%° and loceted 0,015¢ below the chord line at the
tralling edge of the wing (fig. 6). This value 1s about
the same as that given by the 0.2586¢ slottod 2~h and the
0.2367e¢ Fovler flaps of reference l. The rinimum nrofile
drag at a 11ft coefficient of 2.0 was also obtained with
the flap deflected 20° and located 0.Cl5c¢ below the traile
ing edge of tho wing. (Soe fig. 7.) The 0.2566c¢c slotted
flap 2-h (reference 1) gave a slizatly higher profile drag
et a 1ift coefficient of 2.0, while 'tke 0.2687c Fowler
flap €ave the same value of the proflile drag at thls 1lift
coeiTicient.

The flap position for minimum proflile drag for both
1ift coefficlents, 1.5 and 2.0, was very critical, the
drag increazsing rapidly with any movement of ‘the flap., It
thercfore does not appear possidle to obtaln low profile
drage, with the flap in the positions farther ahead where
the maximum 11if%t cosfficients were large. Data wersc not
evallatle for plotting contours of minimum profile-drasg
coefficlents at & 1ift coefflcient of 2.5.

The 0.25¢c balanced split flap gave results (fig. 8)
comparable with the resulte givon by the 0.15e¢ flap at =&
1ift coefflecient of 1.0, At a 1ift coefficient of 1.5
the minimur profile-drag coefficieant was about 0.027 (fig.
9) with either the 10° or 20° deflections of the 0.25¢
flap when located 0.03c below the czord line at ths trail-
ing edge of the wing, which 13 comparable with the results
for the 0.15¢ flap. When the ncse of the flap is located
0.03¢c Yelow the chord line at the trailing edgs of the
win: and deoflected 20°, it was possible to reach a lift
coolficlent 07 2.0 (¥Fig. 10) wilith a profile~drag coeffi-
clent of 0.039, which ig slizghtly lower than for the 0.l1l5c
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flap. At the same location and deflection, the 0.25c flap
gave & 1lift coefficlent of 2.5 (fig. 11) with a profile-
drag coefficient of ‘0,066 compared with 0.055 for the 0.30¢
venetlian-tlind flap of reference 14, 0.062 for the 0.2657c
Fowler flap, and 9.075 for the 0.2566c slotted flap 2-h of
reference 1. At a 1lift coefficient of 2.0, the 0.26c flap
was less critical to small changes in the nose location
than the 0.l5¢c flap, but both flaps had lower profile-drag
coefficients for the Fowler arranzement than for locations
farther forward.

The only explanatlion of the lower proflle drag for

the ¥owler arrangement of the 0.25¢c flap than for the pre-—
viously reported results of the Fowler wlng (reference 1)
1s the use of the Jlark Y section for the flap 1n the pres-
ent tosts, while for the previous toeste the lower cambered
22012 soction was used for the flap. An investigation of
the effect of cember of the flap or the acrodrnamic char-
acteristics of the alrfoll ig indicnted.

Using the ccntours of fliap lecatlion for cg in fig-

ures 5 througia 11, the desigrer can determine very close-
1y the value of profile-dreg coefflcient to be expacted at
any locatior of either Flap wlthin the rarge tested, for
any deflection frcm 0° to %0° and for any 11ift coefficlent
from 1.0 to 2,9 for the 2,15c balanced spiit flap, and for
any defloction from C° to 40° and any lift coeificlent from
1.0 to 2.5 for the 9,.,25c balmnced spilt flep.

Pitchinz moment.- The contours of flap location for
cm(a c.) in figuree 12 through 18, siow for both bal-
L] [ ] °

anced split flaps that the negative pitching moments at
the best locations were nearly twice those of the simple
split flap, and that they increansed progressively as the
flaps approached their best locations. When the balanced
split flaps were located and deflectsd to g£lve the same
maximum 1lift coefficlents as the split, plain, or slotted
flaps of reference 1, the pitching-moment coefficlents
were only slightly larger than for the plain and snlit
flaps and were about equal to those of the slotted flap
2-h. In the selection of an airfoil-flap combination for
a Ziven airplane, the pitching-moment coofficlent should
be determined for combinations that zgive equal maximum
11fte in order %o obtain an unbiased comparison.

Tith contours of flap location for °n(n.c.) in
[ ] - o
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figures 12 through 18, the designer ean determine the
pltching-moment coefficlients of both wing-flap combina-
tiona wlithlin the range investigated.

eg 8sealing gap.- Several tests were made with

the 0,25¢ balanced spllit flap to determine the effect of
senling the gap between the flap nose and the airfoil.

The results of these tests are .presented with the contours
in figures 4, 8 to 11, and 15 to 18. In nearly all .cases,
sealing the gap incressed the 1lift, dreg. and pitchling-
moment coefficlents. These data will afford the designer
additional information on the aerodynamic characterlstics
of a spllit flap deflected downward and moved to the rear.

The selection of the optimum arrangements of the bal-
anced eplit flaps from a consideration of the maximum. 1ift
coefficient. mininunm profile-drag coefficient for take-off,
and pitching-monent coefficient will have to be & commpro-
nise in which structural sinplicity will play an important
pert. The data previously presented shcw that the optinun
arrangement of either the 0.15¢ or 0.25¢ flap 1s an arrange-
nert comparndle to a Fowler flap frorm consideration of
maxinun 11€t and minimum profile-drag coefficlents. Com-
nlete section data are therefore given for the Fowler ar- -
rangenents., In sddition, the complete sectlon data are
§iven for several other representative arrangements.

Aerodynamic Section Charascteristics

The aerodynamic section characteristics of the NACA
23012 airfoll with the 0.l5¢ arnd 0.25¢ balanced s»nlit flaps
at each of four flap-nose locetions, are presented in fig-
ures 19 through 26. The angle of attack, - P for maxi-

mun 1ift varlied from 12° to 152 for both flaps but was
about the same as -for the 0.,2566c slotted flap 2-h of refw
erence 1, There was an inerease in the slope of the 1ift
curve as the flaps were extended, which may be attrlibuted
to the increase in wing area. The four locations for which
the eserodvnamic section characteristics are given, are de-
lieved to be near any prodbable path that will be usecd in
the apnlicdtion of the data to a design. The data »resent-—
ed in figures 19 through 26 should be sufficient, vhen used
with the contours in figures 3 through 18, to allow the do-
slisner to predict the performance of any wing-flap combl-
nation within the renge investigated.
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Comparison of Flap Arrangements

The polars of profile-drag coefficlent (figs. 27 and
28) show,-as previously mentioned, that both the balanced
8plit fleps are best when located in the usudl Fowler po-—-
8ltion, at the trailing edge of the wing and slightly be-
low the chord line. This flap position gave the highest
values of mazimum 1i1f%t goefficlent and the lowest{ values
of >rofile-drag coefflecient for take-off. ~The 0.l5¢ flap,
however, when located 0.065c nhead of the trailing edge and
0.03c below the chord line or on the chord line at the trail-
ing edge of the wing, gave abcut the same maximum I1ft co-
efficiont as the Fowler arrangemsent but g£ave larger profile-
drag coefflcients at all 1ift coefficlents. The 1ift co-
effliclentzs were larcger, and the drag coefficients for Ziven i
11ft coefflclents were lower, for the balanced aplit flap
than for comparable simple split flavs of reference 7. f

The comparison of pltching-moment coefficients should
be made on tkhe basis of fiap deflectiors that ¢ive equal
maxiaum 1ift coefficients. A compariaon of tke plitching-
moment coefflcients for the 0.1l5¢c Flap set for take-off at
four positlors, i1s ghown in the following table. In this
table the mexzirum 1i7% coefficient of the wing-fliap con-
blnation was taken as S.4, ard it is assuned that take-off

will be 2t 0.%¢y or et ¢y = 2.15.
nax .
Fla»n poseition Gf c3 c. - Data from
- -9Cy “.ecy
¥Ko. X y (deg.) max Dax| figures
1 0.05¢ | 0,06¢ 50 0.095 -0,289 19
2 .10c «0%ec |. 20 .054 ~-.269 20
3 +15¢c .015¢ 12 «054 ~e257 - 2l
4 «15¢7} Oc 22 .60 ‘=,280 22
. ——e e memye

An innpection of this tadle shows that the pitching-

moment coefflelent is lowest for flap positien 1, bdut that
the flap deflecticn and drag coefficient arc much higher

than for any of the other positions.
Fowlar position,

tke flape.

off i1g desired.

The flap in the

: givee the hext lowest pltching-'
moment coefflclient and requires only a 12° deflection of
The reduction in profile-drag coefficient reel-
ized by uslng the Fowler arrangement, from 0.095 to 0.054,
should immodlately lead to the use of the Fowler flap in
preference to the other arrangemonts if low drag for take-

The addod mechanical complication of the

Fowler arrangement appears to be the chief obstacle.
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Comparison.with Other Flaps

Envelope polars of orofile-drag coeffiolents for the
two balanced split flaps, the 0.25 slotted flap 2~h .
(reference 1) and a 0.20c venetian-blind flap (reference 1),
indicate that the 0.25¢ balanced split flap was best from
the standroint of profile-drag coeffiocients for take-off
and olimb (fig. 29). nhen the flavs are comprared on the
basis of pitohing-moment coefficients with the flaps
located and defleoted to give equal values of the maximum
11ft ooefficient, all of the flap arrangements are of about
equal merit. The section maximum 1ift coefficlent is largest
for the J,25¢ balanced split flap., The 0.200 venetian-
blind flar and the 0.25€6c slotted flap 2-h gave about the
same maxirum 1ift ococeffioient, while the C.15¢ balanced
sulit flap gave the lowest maximum 1lift aoceffinient of the
arrangements comvared.

CONCLUDING PEMARKS

The optimum arrangement of either of the balanced
split flaps, fram consideration of maximm lift coeffi-
oclents and minimum profile-drag oocefficients for take-off
and olimb, was a ocombination comparable to the Fowler flan.
The pitching-moment coeffloients increased with flap de-
flection and with movement of the flap toward the trailing
edge of the wing. #hen oomvared on a basis of flap deflec-
tion for equal maximum 1ift ocoefficients, however, there
was little difference in the pitohing~moment coefficients
for any of the arrangements tested. With the 0.15¢ flap,
the maximum 1lift coeffioients were the same with the flav
in the Fowler position and in a position 0.05c ahead of
the trailing edge of the wing. In this position, however,
the flap deflection required to obtain the maximum 1lift
coefficient was twice as rreat as for the flap in the
Fowler position and the profile-drag coefficlents were much
larger. Any leak between the nose of the flap and the
lower surface of the wing was harmful from consideration
of maximur lift coefficient, but if the gan was linoreased
to form a suitable slot the maxlmum lift coefficient was
inocreased. The results of this investigation furnish data
suitable for aoplication to the design of any nrobable
split-flap arrangsments.

The 0.25c balanced split flap gave higher maximum 1lift
oocefficients and lower profile-drag coefficients for take-
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off than the best 0.2566¢ ‘slotted flap previously devel-
oped. The caaractoriestice of the 0.25¢ balanced snlit(?%wﬁvy
flap wére also superior to .a. Fowler flap conbination with

a flap of snall canber proviously tested.

Langley Merorial Aeronautical Laboratory,

Hational Advisory Cornittice for Acronautics.
Langley Field, Va. .
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TABLE 1

Ordinetes for Airfoll and Flap Shapes

13

HACA 23012 airfoll

(stations and ordinates in
percent wing chord)

Clark Y flaps

(stations and ordinates in
percoat flap chord)

e

of rodlus through ond of

chords

0.305,

Uppox Lowor Upper .| Lower
Statlon | .2rnce |surfaco Station sufﬁaco surfaoco
0 - 0 0 3.50 3.50
1.25 2.67 -1.23 l1.25 5.45 1.93
2-5 3.61 "'1.71 3.5 6.50 1.47
5.0 4,91 -2.206 5.0 7.90 «93
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Figure 23.- Aerodynamic section characteristics. The NACA 23012
airfoil with the 0.25¢ balanced split Clark Y flap.
x = 0.0833¢c, y = 0.06¢c.
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Figure 24.- Aerodynamic section sharacteristics. The NACA 23012
airfoil with the 0.25c balanced split Clark Y flap.
x = 0.1667¢c, y = 0.03c.
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Figure 25.- Aerodynamic section characteristics. The NACA 23012
airfoil with the 0.25¢ balanced split Clark Y flap.
x = 0.25¢, y = 0.015¢.
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Figure 26.- Aerodynamic section characteristics. fhe NACA 23012
airfoil with the 0.25¢ balanced split:.Clark Y flap.
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