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. . STMARY

A pressure distribution inVeatigation has been con-
ducted in the 'NAGA 4~ by G-foqt vertlcal wind tunnel to
detérmine .the air loads on an-airfoil with & 22,l1-percent-
chord balanced split flap. Pressures were measured on
both the upper and the lower surfaces of the alrfoll and
the flap for several angles of attack and for several
flap deflections.

The data, presented as pressure diagramns and as
graphs of the section coefficients for the ailrfoll-flap

"codbination and for the flap alone, are applicable to the

structural design of an eirfoll with a balanced spllt

.flap., The results of previous tests of an airfoll with an

external-airfolil flap, a Fowler flap, and .slotted flaps of
sinilar dinenslions have boen conparoed with the present re-
sults,

It 18 bellievoed that tho results are applicablo to
alrfolls of difforent thlcknoss and to synnetrical or nod-
oratoly canborod alrfoils of sinilar contour, Tho ro-
sulte show that tho nornmel-force coofficlonts for the var-
ious balancod split-flap settings are gonerally sinilar to
the valuos for the extornal-airfoil flap, the Fowler flap,
or. tho alottod flap .

INTRODUGTI ON

The Natfonal Advisory Corinittes for -Aeronautics has

‘been conducting an extensive investigation of alr-loads on

pronising alrfoll-flap qonbinatimns. One of the conbina-
tions 18 an alrfoll with a balunced -split flap., Aerodynamic

* data for a balanced split flap on an nirfoll have 'been made

avalladble in referencee 1 and 2. Data for the structural
deslign of an ezternnyﬁagyipgliﬁlnp,-a Fowler flap, o plain

- . . sm e - 1
; . . Y LN T = ."I R - . ' !
=y LI : . DI P 3 .

P .

e e am o



flap, and several slotted nnd s¥lit flaps on alrfoils of
various thicknesa are .presented in refersnces 3 to 8. Uo
data, however, have bBeen published for the structural dew
sign of a balanced split flap. .The praeent report was
prepared to meke avallable 'l'oad dath ‘obtainéd In a special
investigation by the NACA of an alrfoll wlith a balanced

split flap. -

The pressure-distribution data were ¢btained from
tests, in the 4~ by 6-foat, vertical wind tunnel, of a 1l4,lw
percent-thick alrfoll with = belanced split flap Having a
chord of 22,1 percent .ol the nirfofil chord The tests
were made at varjous angles of attack and flap deflections.

.A.PP'Aiw:tis ATD TESTS

Yodel

The S~foot chord by 4-foot span model af the alrfoll
flap combinetlion wpe tullt of lemlnated mehogany. and con-
formed to the &irfoll profile given in %able I (fig. 1).
The baslc alrfoil han o syrmmstrieal profile behind the. 15-
percent station .and has some combar zhsad of this stotion.
The raxluum ordinate 1s 14,1l porcont of tkhe nirfoll chord.
Tho eirfoll »rofile 1s an Jntorrzodiate soction obtainad
from o wing having a symmetrical root soction and o ceam-
"berod tip section. The. alrfoil modol. ha as a hollow soction
to sccomnodato tho coppor pressure tubes..

) " Tho full—span balancod sn;it fiap has n chHord .of 7.95
inchos (22.1 porcent of airfoll chord) and conforms to o
nodifiocd ACA 2309 alrfoll soction (fig. 1, tadble I)., The
flap 1e attachod to tho airfoll with metal fittings at
ocach end that allow for TFiap-doflectlons ard positions
shown 1a figure 1,

The airfoll and tho fiap aATe fitted with a eingle row
of pressuro orificos along t1a nidspan section. dlstridb-
utod chordwviso as shown in table II arnd figurs 1. The
pressure 4udes aro brought out one ond- of- the model nnd
connccted to & multiple—tuhc manometer that' records photo-
_grnphically . S

Test Installatlion

The model was mounted in the closed test section of



the NACA 4- by 6-foot vertical wind tunnel (references 8

and 9), Because the model completely spanned the tunnel ex-
cept for gmall—clearnnapa at each end, the sldes of the
tunnel acted as end*nlatqp ‘ahd approximately two~dimensional
flow was obtaine& Torguq-tubes abtoched Yo' the balance

* - frame hold thé model- rigidiy ‘and~also served de¢ a condult

for the’ pressure fubos. g ansle of attack was et from
outside the tunnel-dy. rotat ng the. terque tu%ea with a
calibrated electric drive. RO

- Tedts-

The testn were, run at oan average dynemic presaure of
10.8 pounde per square foot. which. correspohﬂa to an nlr
speed of about 65 miles per hour. at. standard sea-level
conditions. The effective Reynolds nunmber was about
3,410,000 and 18 equal-to the teat Reynolds .number multi-
plied by 1.93, the turbulence factor for the 4~ by 6-foot
vertical tunnel. .

The model was tested at' eight flap deflections from
fully retracted to 45°; the defloctions ‘and the locations
aro shown in filgure 1, Theso toste wore made through an
anglo~of-attack rango from =15° to 20° in 5° incroments.
When tho modol was at a given angle of attack and flap
settlng, timo was allowed for condition® inm tho tunnol and
for tho manomoetor to bocome stableo beforo the prossures
wore rocorded.,

PRESENTATION OF DATA

Prassureo Curvos

All tho dlagrans of prossure over the upper ‘and tho
lower surfaces of the alrfoil conbination are plottod as
prossure coefficients P whore

p - 2% ' '
a :
and :

p static prossure at a polnt on airfoil.

Po- 8tatlic prossure in froo alr dbtreom
57

q dynanlec proessure of froe air'strogm
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Jrsonptrie.diagrams of' tho prossuroes: ovor:'the alrfoll
he flap-are gilvon in, flgures.3:to 9. .In theso:fige
the: pressures ovor the alrfoll.aye: plotboﬁ:n&rm&l to

tho airfoll ehord and tho- prossnros over tho flap are also

plobtt

--od fl

obtanl

ed normal to:the alrfoil chord Hut: albdnz the: project-
ap chord xor the flap fully rotraoued
Goefficienté

Tho pressure Alagrans were mechanlcally lntegrnted to
n data from which standard section cocefficlents were

conputed, Where the term "flap alone" lg used, 1t refers
to the forces on the flap in the presente. of the maln pore

tion
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where

of the alrfoll, The.psocilon coefflclente are.defined
llowss : R

) . . : o Lo

nornal-force coefflclent.of alrfoll with flap
n . . e R TR
qc |

norngl=force cooefficlent:of flap alono ( )

pltchinz-poment coefficient of airfoil ‘with’ flap
‘about guarteor=chord polnt of -airfeil with:flap

fully'retractdd' <EEE>
c
pltching-monent cocfflciont af balanced flap alono

about quarter=chord point "of tlap (
qce?®

center-of-pressure location of alrfoll wilth flap in
percent alrfoll chord -from leading.edge of alrfoll

[(0.25 - %ﬁ) 10?]

norral force on alrfoll with flap
normal forco on flap alone normal to chord of flap

pltching moment of airfoll with flap, about guartor-
chord point of ailrfoll
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_of cbord of fiap..oVer—all 1ength'of flap

-and'_-_.“,'

me Pltching moment of. flap alone. about quarter-chord
polnt of flap cean e

-

dynamic pressuro of £760 air sbtraam '(i p Va)

& - chord of. airfoil with flap fully rotracted

g 'angle of attack for 1nfin1te aspecb ratio

8¢ angle of flap deflection, angle between flap cHhord.
line and alirfoil chord line

The coefficlents for the comblnation were derived
from the normal forces alone, the chord forces of the flap
being neglected, Inasmuch as the modol completaly apahned
the tost soction, tho intograted rosults, which aro in co-
officiont form, may bo used as soction characto*istics.

Figuros 310 and 11 show tho soction' charecteristics of
the alrfoil-flap combination and of tho flap alone, ro=-
spectivoly. -

Procision

No alr-flow alinomont tosts woro made 1in tho tunnol
wlth tho tost arrangomont usod in. tho prosen}y invostiga-
tlon., Tho absolute anglc of attack mny, thorocforo, bo in
orror, but the relatlivo unglos of attock of tho modol ero
accurate to within 3061 Tho flap wae sot at spocifiod
anglos to within 0.6 It 1s bolioved that tho individ-
ual polnt.proesurds aro accurato to within about 2 poercent
oxcopt at high anglos of attack whore the orror might bo as
much as *5 porcont nvar tho airfoll noso. The individual
froowstream dynaomiec prossuros are ascurato to wilthin £1
percont, The tunnecl-rostriction corroction explalnoed in
reforonco 10 has boon appliod only to the normal-foroo
coofflcloent of tho ooqbination. This corroction, which
tends to roduce tho. magaltudo “of tho prossures, has not
beon applled to .tho ‘point preasures. Eho-roaults gshould,
thorafore, bo conaorvntivo. L .o e



DISGUSSION

v - Boctibn” Prosauro Distribution

.. .BHd pressuro ‘curvos (figs. 2 to 9) show tho dlistribue
tion of load over ‘tho uppor ond>tHo lowor surfacos of tho
alrfoll-flap: combination for sovoral flap dofloctions,
Thosoe curvecs nay be used 1p the doslgn of rids of airfoils
with flaps .and may nl8o bo used to show tho chango in dis-
tribution of load ovor the alrfoll as the flan 1s dcfloct-
od, Tho pressures over tho uppor and taa lowcr surfocos
of tho airfoil with o hnlencod split flap dlffer from tho
Procsures ovgr- an’ ACA 85C1l2 elrfoil in ccmbiration with o
Fowler or an ortornel—ﬂirfoil flap {roforoncos 3 and 4) in
tho following'ﬁanuar' e petlt mobe prossuros cro highor
on tho nilrfoil with- balnncod cnlit flap in the high anglow
of-attack rango., The pressurcs over tho lowor surfaco of
the alrfoill dnck of the flap -nosac ineroaso negativoly and
, thus doeronsse tho Ioad cnrriod onx th‘t portlon of tho alr-
foi'l U ) RO '

" Tho- nagwtivo 1ncranso of tho lbwer—surfaco prossurea
on the airfoil boilnd ko flap noso oxpylalns to somrc ox
tont tho decroase in lift cogffidfont when the flap 1s
moved E£rom -tho’ trailing ‘odgq -of tTte -airfoil to tho posiw
tion investiZated. -

Tho prossuros over tho. upper and the lower surfacos
of the balanced split flap are sinllar to the pressures
over an external-airfoll or a Fawlér flap con an NACA 23012
airfoil (references ¥ aigd 4) In.the range of flap de-~
flectlions waere the flnp 18 rot- stalled, a large lncrease
. in peak pressure over .the nose of the flar was observed

when the mailxn portion of the alriloll - s%alled At a flap
dofloction of 45° the balanceﬂ split flap was complotely
stalled for all angles” of attack.-

Aorodynanic Soctiou Coa*ficionts

The gsection cbarnctcriatics .ol the corbination are
'shown in figure 10, Tho valuo of  th® maximun normal-force
cogfficient for a ‘givon flap.dofloetioh is loss than tho
vilues roportod in roforcnco -1 fof-a flap 1ln the same pow
sltion, This doecroansd 'in norzal=<forco coefficiont 1s
‘probably causod by tho difforonco in maxizum normal—forco
coefficlionts of the plaln airfolls. Bocause tho increncnts
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of angle of attack are large, no accurate comparison of
maxinum normal-force coefflclents 1s possible.

A comparison of the section.characteristics of the
flap alone, (fig. 11) and of the combination (fig. 10)
shows that ‘the’ loads on the flap bdullt up more slowly than
dlq the loads on  the combimation. The values for op,

for thnbalanced split £1ap at geveral’ qnall flap deflec-
tionp: wers-about the same a8 for the externsl—airfoil '
flap,” the Towler  £lap, and the slotted flap; but.at large
f16p &eflectiond the 'values’ of oy, were less than the

values for the other flaps. This result -wae expected
becauss of the interaction between the- lower surface of
the airfoll and the. upper surface of the flap, which
tended to - décrease the load on the flap TIa- the range of
flap defleetion in which the.flap 1s not stalled, the
values. of cnf are vcomnparahble with those of the external

airfoil, the Fowler flap, and the slotted fleps. The ex-
tenslon of the tralllng edgo of tho airfoll back of the
flap nose apparently docreasos the effoctiveness of the
flap on the alr flow about the airfoil, thus ecausing a de-
croase 1n nornal-force coofficlent for. the_arrangenont

Tho pitching momonts for the balanced split flap at
snall flap deflectlons were gonorally loss than for the
Fowler, the slotted, or the extornal~alrfoil flap, dut
the balancod split flap gave tho highest flap pltching
nonents at larse flap deflectlons when the flap was
stalled, . ) . .

¢

CONCLUDING REMARKS

It is believed that tho results of this 1nveatigation

"are npplicable to alrfolls of different thickness and of

sinilar contour. . Previously publishod data for the slotted
flap on two alrfoils of &lfferoent thiockness and -for the
Towler flap on two airfolls, of tho sanme bthicknoss and dif-
ferent but ‘similar contours showod very little change in
pressure distribution with .airfoll thickness or with a

“slight change in airfoil contour.

It should- %e. nmted, however, that tha flap 1ocations

-given in thle investigatlon are not tho optinum, but a

slight change in tHe flap location should have only a
slight effect on the pressure diatribution. :

Langley Memorial Leronputical’ thoratory.
National Advisory Comnittoc for Aeronautics,
Langloy Fileld, Va.
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AIRFOIL AND FLAP ORDIRNATES

TABLE I

- (A1l statlions and ordinates in porcont wing chord)

Alrfoll section < ¥lap section
Upper Lower Uppor Loweor
[ftetlon | urface | surfaco |Statlon | gyrface | surface |
0 ——— - 0 0 ———
1,25 1,98 =248 «55 «35 ~0.66
2.5 2.87 3,29 1,10 63 . '=e65
5 3,99 -l 31 2.21 1,02 - o863
7.5 4,84 -5,02 3.31 1,21 -y b2
10 5.45 -5.54 4.42 1.35 -.60
16 6.26 -6,28 5.52 1,41 -o.58
30 7403 7,03 11,04 1.29 -od?
40 6480 6,80 13.25 1.12 -od?2
50 6.21 ~=6,21 15.46 «91 -e30
80 5.34 -5,34 17.66 »65 -2l
70 4,30 ~d,30 19.87 « 36 -.12
80 3,07 3,07 20,98 «19 -y 07
95 094 -e94
100 .03 - 403
L,BE, radius: 2,23, L.E, radius: 0,38.
L.BE. radius 1s 0,35 below L.B, radlus 1s 0,29 below
chord line and slope 1is chord line.
0,071. (See fig, 1l.)




‘TABLE II

10

- "ORIFICHE -LOCATIONS ON THE AIRFOIL AND BALANCED FLAP

Wing Flap
Location Location
Orifice (percent o) Oriflce (percent og)
0 0 0 0
1 1,26 1l 1.235
2 2.5H0 2 2.50
3 5,00 3 5,00
4 10,00 4 10.00
5 20,00 5 18,00
6 30,00 6 30,00
7 40,00 7 45,00
8 50,00 8 62,50
9 60.00 9 72.50
10 70.00 10 82.,50
11 a73,00 11 892,60
12 876,00
13 a7g8.00
14 bg0.00
15 ag1,50
16 285,00
17 90,00
18 95,00
19 98,00

&Lower surface oanly.

bUpper surface only.
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NACA , Fig. 6
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Fig. 10
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