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WTNBTUNMELIXVESTIGATIOROFSEVENTMJ3?l’?ACAAIRFOILSECTIONS

~ TODFTERMREOF’ITMUMDOUBI&SLO’l?EbFLAPCONFIGURATIONS

I& JonesF. CahillendStanleyF. Racisz

.

An investigationwasmadetodetermineoptimumdouble-slckted-
flapconfigurationsforseventhinNACAairfoilsections.Theairfoils
testedwerethe?lACA6+210, 64-20f3,64-210,641-212,65-210,66-210,
and1410airfoilsections.Eachoftheairfoilsectionstestedwas
equippedwitha mainflapof 0.250chordd a fme f~p of 0.075chord.
Inaddition,theNACA6&210 endtheNACA64-2C8airfoilsectionsw~e
sJ.sotestedwitha O.100-ch@enda 0.05khmd fcmeflap,respectively.
Liftmeasurementsweremadeata Reynoldsnumberof2.4x Id to obtain
theconfigurationgivingthehighestmaximumsectionliftcoefficient
(idealposition)foreachoftheairfoilsectionstested.me Ilft
characteristicsweremeasuredforReynoldsnumbersupto9.0X ld in
ordgrtoobtainen indicationofthescaleeffects.Thesectionpitchi~
monmntcharacteristicsandtheeffectofleadi~dge roughnessonthe
liftcheracteristfcewere

3
aeuredforeachoftheairfoilsectionsat a

%ynoldsnumberOf 6.ox I fora double-slotted-flappositioncloseto
theidealwhichalsoallowedthedoubleslottedflaptobe ret~actedas
a unitintothewingcontour(optimum).

Theoptimumfore-flappositionsweregenerallyfoundtobe about
1 percentchordforwardandabout‘2percentchordhelm theslotlip.
The optimumflapposltionev=ied co~lderabN, me ~flectio~f~ ““ - ‘;
whichthehighestrmxclmumliftcoefficientsweremeaswedwereabout
50°-to 55°fortheflapandabout25°to39°.fortheforefl+p?_

.... —

Themaximumsectionliftcoefficientofthea~rfoilsectionwith
.. eithera splitordoubleslottedflapdecreasedas thepositionof

mimimumnressurewasmovedtotheresroras theairfoilthicknesswas
decreasedto0.08chord.Inallcases,themaximumsectionlift

2.4X d to6
coefficint increasedas theReynoldsnumberwasincreasedfrom

.0X 106 butgenerallydecreased
$

remainedc nstanta.s. theReynoldsnumberwasincreasedfrom6.0X 1 (3tog.oxl . ——

..
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Increasingthefor-flapchordprovidedincreasesinthemaximumsection
liftcoefficientsofboththeNACA64-208andtheRACA6210 a~rfoil
sectlonewithdoubleslottedflaps.Theadditionofatamdardroughness
to theleadingedgesoftheairfoilsequippedwfthdoubleclottedflaps
generallydecreaeedthemaximumsectioniii%coefficientsby amounts
slightlylessthanthoseobtainedwiththeflapsretracted,decreased
thevariationofthemaximumsectionliftcoefficientwithpositionof
minhumpressureandwithairfoilthickness,andcausedthestallstobe
lessabruptthanthoseforthesmoothcondition.Theratioof increment
ofsectionpitchi~ nt coefficientto incre~nt,ofsectionHft

()&coefficientata sectitiangleofattackof 0° ~ik~ basedon the

Uo=oo

totalchordoftheairfoilwiththedoubleslottedflapextetiedwas
apprazimatelytheS- as thatobtainedfw theairfoilwiththesplit
flap.An unstablepitchin&mcmentbreakwasencounteredat thestall
foreachofthedrfoilswhenequippedwiththedoubleslottedflapsszxl
seemedtobe peculiartodoubleslottedflaps.

Theuaeofthinwingsectionsto ~ncreasethecriticalspeedsof
hi-speed,highlyloadedairplaneshasbeenaccompaniedby theneedfor
suitablehfg~llftdevicestobeusedfortake-offendlanding.An e

investigationwasmadeintheLangleytwtifmenslonallow-turbulence
tunnelstodeterminehigh-lifttrailing-edgeflapssuitablefor useon
thinwings,ectlonsthataremostllkelytobeusedonhig&speedaircraft.

#

‘l’hefirstpartofthislnvestlgation,reportedinreference1, covers
thetestsoffourtypesofflapfortheNACA65-210airfoilsection.The
doubleslottedflap,discussedinreference1,gavemaxhumliftcoef-
ficientshigherthan~ oneofthethreesingleslottedflapstested.
ThesecondmxrtofthisWvestlgetion,reportedherein,coversthetests
ofslmilsrdoubl-slotted-flapconfigurationsforsixotherthinHACA
airfoilsections.Datafromreference1 ontheNACA6>210airfoil
sectionwitha doubleslottedflapareincludedto completethecomparison
oftheresultsobtained.

TheseventhinNACAairfoilsectlanstestedwithdoubleslotted
flapsintheIangleytwti3mensionallow-turbulencetmmnelsaxeas
foUmws: NACA6w210,64-2@,64-=0,~1-212,65-210,6210, end1410
airfoilsections.I&ofilesoftheplainairfoilsectionsexeshownin
figure1.

Theidealmex
P

liftconfigurationsweredeterminedat a l?eynoldB
numberof2.4x 1 foreachofthedoubleslottedflapswhichconsisted
ofa 0.2~0-chordmainflapanda U.07!Echordforeflap. Thesection

“

b

liftandpitchi~cmentCharacterlsticswerethenmeasuredathigher
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-
Reynoldsnumbersup to9.0x
matedtheidealmaximumlift

3

106forconfigurationsthatnotonlyapproxi-
mnfimrationsbutthatslsoalluwedthe

B
flapandforeflaptoretractas a-unitwithintheairfoilcontour.The
effectsoflead~dge roughnessonthesectionliftchsracteristics
weredetermined‘at‘aReynoldsnumberof6.0 x 106.

DatacmtheliftSIXI~itc~ nt characteristicsoftheseairfoil
sectionsequippedwith0.2&chordsplitflapsdeflected600areincluded
to showa comperisanbetweentheeffectsofthetwotypesofflap.

=0 section

c airfoil

c1 section

c~ maxhu.m
msx

Sm’mYIs

angleofattack,degrees

chad withflapretracted

liftcoefficient

sectionliftcoefficient
<.-----

cm sectionpitch~oment coefficientaboutquert~hord
c/4 point

*
8f flapdeflection(seefig.2)

8ff
for&flapdeflection,measuredbetweenfarc+flap* chordlineandairfoilchordline,degrees

x~c distance slongairfoilchord13ne,fkctlonof chti

tic d2?fOil thickness,fractionof chard

X13 71 horizontal- vertic&positions,res~ctivdy,ofthe
fcme-flapreferencepointmeasuredfromtrailingedge
of slotMp Inpercentchord(xposttivefcrrwardand
y positivedown)(fig.2) ,—

.
R

*, 72 hcmizontald verticalpositions,respectively,offh~
referencepointmeasuredfromtraillngedgeoffore
flapinpercentchord(x positiveforwardsnly positive
down)(fig.2)

Reynoldsnumber

.
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secticmliftcoefflchnt

seotionpitch~mcmentcoefficient

MODELS

Eachofthemodelstestedhada chordof24 inchesandcompletely
spannedthe+foot-wideteatsecticxmofthetwotunnels.Themain
pertofeachmodelaheadoftheflapwasconstructedofI_amlnated
mahogany,andtheflapswereconstructedofsteel.A typicelairfoil
withdoubleslottedflapsincludingtheessentialdimensions,18 shown
infigure2. OrdinatesfortheplainairfoilsectionsaregivenIn
tables1 to 7.

Eachofthemainflapswasof0.250chordti wasobtdnedby
scalingtheordinatesofthemainflaptestedontheNACA65-210afrfoil
section(reference1) inproportiontotheairfoilthicknessat each
stationalongthechord.Ordinatesoftheflapstestedaregivenin
tables8 to14. Eachoftheflapswastestedincombinationwiththe
0.075cforeflapusedinreference1. Inaddition,theNACA 6h-208
airfoilwastestedwitha 0.056cfcmeflapandtheNACA66210airfoil
wastestedwitha O.IOOCforeflap.Sketchesofthethreeforeflaps
arepresentedas figure3, andtheircmdinatesme givenintables15 to
17. Theflapsandftmeflapswereattachedtothemainpartsofthe
modelsat theendsIn sucha mannerthattheycouldbe setatanydesired
positicmsanddeflections.Theflapemdfore-flappositionsweremeasured
fromtheirreferencepoints,whicharedefinedastheintersectionof
theirchordlineswiththeirleadingedges.(Seefig.2.)

Fortestsofeaohmodelinthesmoothc-ition, themodelwassanded
withNo.400cerb-um papertoproduceaer~csUy smoothsurfaces.
Fartestsoftheairfoilwithleaddng-edgeroughness,thesurfaceswere
thesameasfcmthesmoothconditionexceptthatO.011-inchcerbcmundum
graiqswereapplledavera surfacelengthof0.16chardcenteredat the
chardline. Thisleadin&&l~roughnessccaditioncorrespondstothe
standaxdroughnessdescribedinreference2.

APPARATUSANDT!ESTs

Theinvestiga.tlcmwastie h theHey twcHHmensional1-
turbulencetunne~andtheIangleytuo-dim?&si-&nallcn+turbulencepressure
tunnel.

A

.

.

.
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Sectionliftcharacteristicswereobtainedhornstatic-~eseure
* measurementsalongthefloorendceilingofthetunneltestsection,

andsectionpitchi~mcmsntchracterlsticstiredeterminedfrom
deflectionsofa torquetule. Detailsofthetestmethodssndthe
methodsusedincorrectingthedatatofreeairconditionserejgiven
Inreference2.

—

Liftmeasurementsweremadeat a Remoldsnumberof2.~X 106in
theTangleytwo-dimensionallow=hrbulencetunnelto obtaintheideal
confQurations.Theidealconfigurations(thosegivingthehighest
mexhmunliftcoefficients)weredeterminedby firstdeterminingthe

—

ideelpositionoftheflaprelatfveto theforeflapforseverelcombi-
nationsofflapandforeflapdeflections.me configurationgiyi.%the._.. .:
h~ghestmsxinmmliftwas,ifnecessery,alteredslightlyto allowthe
flapandforeflaptoberetractedas a unitwithinthewing contour.
Withthepositicmoftheflapthusfixedrelativeto thefcmeflap,lift “-—
measurementsweremadeto obtainthebestpositionof-theflapandfore-
flapcombination.Thisresultingposition3s cadledtheoptimumposition.‘“
Theopt- positionsdevelopedintheLengleytwg-dimensionallcn+
turbulencetunnelat eachofsevereldeflectionswerethentestedinthe

—

_Y*~~ onsllmtibtience~essuretunnelat a Reynolds
&ger of6.ox1 . Forthecmfiguration@v

$$
thehighestmexhum

liftcoefficientat a Reynoldsn~er of6.o x 1 , pitch$ng=ncment
characteristicsd theeffectofleadin&edgeroughnessonthelift
characteristicswerealsodeterminedat a Reynoldsnumberof6.ox 106,

& sndthe iftcharacteristicsweredeterminedatRewlds numbersof
3.0x 1d end9.0X106. Themximm free-streamldachnumberattained
duringmy ofthesetestswaslessthan0.18.

—

●

PRESENTATIONOFRESULTS

Thedataobtainedfw thea foilsectionwitha doubleslottedflap
rata Reynoldsnumberof 2.4x 10 arepresentedas contoumofmaxhmuu

Hft coefficientforvariousflapandfor-flappositions.Thesedata
indicatethemaxinmmsectionliftcoefficientthatmaybe obtainedfora
givenflappositionanddeflection,orthelossinmexlmumsectfonlift
coefficientthatmayresultifflappositionsotherthantheideslare
selected.

Theliftcharacteristicsata Reynoldsnumberof 6.ox 106are
presentedforseveralofthemorepromisingdouble-slotted-flapconfigu-
rationsforeachairfoilsection.Thesectionpitchin~ment charac-
teristicsforthesmoothconditionandalsotheliftcharacteristics
fortheconditionwithleadi~dge rou~ss =e pesentedforthe

.
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ood’igurattcnhavi
3

thehighestmaximumliftcoefficientata Reynolds ‘
numberof6.ox 1 Additionaldataarepresentedshowingthelift
andpitching+cment”characteristicsoftheplainalrfoll,sectfcmat

s

severalReynoldsnumbersad thelift
r

~ito~nt characte-
istfcsata Replds mmiberof6.o x 1 fartheairfoilsecticmwitha
0.2bhcrd spiltfhp deflected6@. Thedatafartheplainairfoil
sectionW thedrfoilwitha splitflapwereobtainedfranreference2.
~ scmacases,dataforthe airfoilsectionwitha splitflapwere
availableforseveraladditionalRepoldsnumbereandsrealsoincluded.

Thefiguresinwhiuhthedataem ~esentedfcmeachof the airfoil
sectionstestedareIlstedinthefol.lowlngtable$

Data Figure

Plainairfoiland 4 8 13 19 20 27 31
splitflaps

Contoursofflap 5 9 14 17 28 32
positionf= cz=

b:~

Contoursoffore-flap 6 .10 15 18 22 29 33
positionfor Ct ’25

Characteristicsfor 7 u 16 19 23 30 34
optimumconfigure alz
tia’1

b26

ao.fJ56cforeflap.
bo.lootforeflap.

.
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DISCUSSION

&imUIIIwt

Effectofflapandfore-flapposition.-Thevariationofthesection
liftcharacteristicsoftheflappedairfoilsectionastheflapposition
variesisw~marilya resultofchangesintheslot.shapes.A secondary
effect,resultingfromthechangeinairfoilchordastheflapismoved
clpdwise,alsoexists;buttithintherangeofpositionsforthesetests~
thiseffectissmaU. TheidealconfQirationsaretherefcretheones
forwhichthebestslotshapesareformedattheflapandfor-flap
leadingedges.Thedatashownonthecontoursofflapandfw-flap
positionindicatethattheidealflapandfore-flapconfigurationfor
msxiu lift is onethatformsconvergingnozzlesd directstheair
flowdowmwardoverboththeflapandforeflap.

Formostoftheidealccnfigurationewiththe0.07’5cforeflap,the
foreflapwaslocatedapproximately1 percentchordforwardof theslot
liparklapproximately2 percentchordbelowtheslotlip. Forthe
NACA6~210airfoilsection,however,(fig.6)theidealfor-flapposition
wasapproximately1 percentchordfartherforwardthantheaverage.
Althoughthebestnositionoftheforeflapforthe~CA 641-2x2atifoil
isactuallybehindtheslot.lip (fig.33), littledifferenceexistsbetwe= ‘–
theKaximuIIIliftcoefficientsobtainedat theidealpositionsadatthe
mositioncorrespondingto theaverageoftheothers.Theflappositions
fortheIdealconfigurationsvariedconsiderablyforetichoftheairfoil
andflapcombinationstested,aswouldprobablybe expectedinasmuchas
eachairfoilsectionwastestedwiththeflapdesignedforthatairfoil.
An indicationof theidealdoubl~lotted–flapconfigurationsforair-
foilsandflaps.similartothosetestedinthisinvestigationmaybe
obtainedfromthecontoursofflapposition.Theseconfigurations,ho+
ever,shouldnotbe appliedto airfoil-flapcombinationshavingshapes
radicallydifferentfranthosetested.~ add~tion,‘m indicationofthe
lossinmaximumsectionliftcoefficientwhichmaybe causedby structural
deflectionsoftheflaporby constructionerrorsmaybe obtainedfrom
thecontours.F@ example,inthecaseoftheNACA63-210airfoilsection
(fig.5(a)),a depsrtureof O.Olcfrcmtheidealflappositioncan
decreasethemaximumsectionliftcoefficientby asmuchas 0.3. For-
mostoftheoptimumconfigurations,theflapdeflectionwas500a 55°
andthefore-flap’deflectionwas25°w 30°,althoughlittlediff&nce
existedinthemaximumliftcoefficientsmeasuredforthesedeflections.
lhcreasingthedeflectionofthefore-flapaidsbothinforntlnga
convergingslotandindirecthgtheairflowdownwardovertheflap.
A limitisreachedIntheseeffects,however,whenthefor-flapdeflection “-
becomeshighenoughto causetheflowovertheuppersurfaceofthefore
flapitselfto separate.Theuseoftheoptimumflappositionsrather
thantheideelpositionsinthetestswhichfollowedgenerallyresulted-ina- -
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decreaseinmaximumliftcoefficientof lessthan0.1.

Effectoffcme-f’lapchcrd.-Thedata~esentedinfigures23
and26showthatincreasingthefore-flapchardf!rom0.075cto O.1OOC
inaeasedthemaximumsectfonliftcoefficientof’theNACA66-210
airfoilsectionby approximately0.1at a Reynoldsnumberof6.ox 106.
A comparisonofthedatapesentedInfiguresIllarxi12 indicatesthat
decreasingthefor-flapchmd from0.075cto 0.056creeultsina slight
decreaseinthemeximumsectionliftcoefficientoftheNACA6&2C8 ai~
foilsectfonwitha doubleslottedflap. Thedatapresentedinreference3
alsoshowthatincreasingthefore-flapchordmaybebeneficialin
increasingthemaximunsectionliftcoefficient.Thefncreaseinmxlmum
sectionliftcoefficientobtainedby theuseoflarwrforeflapsmaybe t
attributedto a combinationoftheincreasedsrea
andbetterslotshapes.

EffectofnositionofminimumDressWe.-The

withthepositionofminimumpressureforseveral
ofl~perce~tthiclmessispresentedinfi~e 35

o=thelifti&sur~ace

variationof c
1-

NACA&seriesairfoils
fora Reynoldsnumber

of6.0-X10b. Datapresentedinreference-2=icate that-forairfoil
sectionsofthicknesseslessthanabout0.12c,thestallusuallybegins
at theleadingedge. !3ncethelmding-edgeradllofflACA&series
airfoilsdecreaseas thepositionofm:nhampressuremovestotherear,
thistypeofstallbecomesmorepronounced.Thedecreaseinmaximum
liftcoefficientwithrearwardmovementoftheposit~onofminimum
pressure,showninfigure35, is thereforeprobablycausedprincipally
by thedecreaseinleadi~dge radius.Forthickerairfoilsections,
wherethestallbeginsoversomerearpsrtof theairfoilinsteadofnear
theleadingedge,thedecreaseintheleadiqpdgeradiuswithrearward
movementofthepositionofminimumWessure1sexpectedtohavea
smallereffectonthemaximumsectionliftcoefficient.TheIncrementin
sectionliftcoefficientcausedby theadditionof thedoubleelotuedflap
to theNACA&seriesplainairfoflsectionhavinga mexhnumthloknessof
10percentchordremainedsubstantiallyconstant(apprmc.1.4)overbhe
rangeofminimumpressurepositionstested.

Effectofairfoilthlclmess.-Thevariationofmsximumliftccef-
ftcentwithairfotlthicknessforthethreeNACA-series airfoilstested
isshowninfigure35. Thedatainf@ure 35showthatfm airfoil
thicknessesbetween0.12cendO.@c themaximumliftcoefficientsof the
plainairfoilsamltheairfotlswithbothsplitanddoubleslottedflaps
decreaseas theairfoilthicknessisdecreased,slthoughnotallinthe
samemanner.TheincrementofH;.- liftcoefficientcausedby the
doubleslottedflapdecreasesata nearlyconstankrateas thethickness
isdecreased,whiletheincrementin’maximurnliftcoefficientcausedby
thesplitflapdecreasesas thethicknessisdecreasedfrom0.12cto O.1OC
andthenIncreasesagainas thethicknessisfurtherdecreasedto 0.08c.

.

.
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Datainreference2 haveshownthatthemaximumliftcoefficients
ofmost@oil sectionsdecreaseas theairfoilthicknessis increased
aboveabout0.L2calthoughthemx@nmmliftsofthesesameairfoils
whenequippedw$thsplitflapscontinueto increaseup to a thickness
ashighas 0.16cor 0.18c.Rreviousscattereddatahaveshowiithatthe
BE&mm liftcoefficientsofairfoilseotlonsequippedwithdouble
slottedflapsfollm theseinegeneraltrea. Thedatainfigure35
extendthesepreviousresultsdownto a thiclamssof 0.08c.

ThemsximumliftcoefficientoftheNACAlkloairfoil,alsoshown
infigure35, 1s approximatelythesameasthemaximumliftcoefficient
fortheNACA641-212afifoflsectf~.

Re.sznoldsnumbereffect.-Thevsrlationof~lmum sectionlift
coefficientwithReynoldsnumberisshownin6figure36.

#
allcases,

increasingtheReynoldsnuniberfrom2.4 x 10 to 6.o x 1 ‘resulted
inlergeincreasesinthemsxhmmsectionliftcoefficients.Increasing
theReweldsnumber&cm 6.oX 106to 9.0X 106,however,causedslight
decreasesorno chengeinthemaximumliftcoefficientsofeachofthe
airfoilsectionswithdoubleslottedflapexcepttheNACA64-21Osection.
Figure11 indicatesthattheNACA64-208sectionfollowedthesametrend
astheNACA@-210 section.

h explanationof scaleeffectonthemaximumliftofatifoilsections
isgivenInreference4,endthisexplanationisusuallyapplicableto
airfoilswithflaps.VariationsoftheliftwithReynoldsnunibersre
generallyapparentonlyinreglonsof incipientstall(highanglesof
attack),butfw thesethinafifoilsectionswithdoubleslottedflaps

—

theliftdecreaseswithincreaseinReynoldsnumberinthelinearpart
oftheliftcurve(lowanglesofattack).Thisdecreaseinliftcoef-
ficientisprobablycausedby changesintheflowcoalitionsthroughthe
slotsastheReynoldsnumberis v=ied. Therefore,a newidealconfi~
rationcouldprobablybedevelopedathigherReynoldsnumbers,and
slightlyhighermsximumliftsmightbe obtained.

Effectofflaponengleofattackformaximumlift.-A comparisonof
thedatafw thep~n airfoilsectionsendthatfortheairfoilswith
flapsdeflectedshowsthatthestalloccurEIat a considerablylowerangle
ofattackwhentheflapisdeflected.Thedeflectionofa trail~dge
flapcausesan incre-ntalloaddistributionwhichconsistsofan
incrementalbasicloaddtstributlonendan Incrementaladditionalload
distribution.(Seereference5.) Thedecreaseintheangleofattack
atwhichthestalloccursisattributedtothefactthattheadditional
losd,whichcomprisesa lsrgepartoftheincrementalloaddistribution,
Increasestheadversepessuregradientinthevicinityoftheairfoil
leadingedge;and,theref~e,thecr~tfc~~ess~e =~ient iUatt~~ned---
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ata lowerangleofattack. .
4

Effectofleadi~dge roughness.-Theadditfmof standsrdroughness
totheleadingedgeoftheairfoildecreasedthemeximumliftcoef-
ficientsof& theairfoilcotiigurationsinsucha wsythatonlya
slightvariationofmsxhumliftcoefficientwithpositionofminlmm
pressureoccurred.(Seefig.35.)

Themaxhnunllftcoefficientsoftheplainairfoilandtheairfofl
wftheitheroftheflapsintheroughcondition,increasedas theair-
foilthiclmesswasincreasedbutnotsorapidlyas inthesmoothcon-
dition.Fa theairfoilwitheithera splitora doubleslottedflap,
thedecrementinmaxfmumsectionllftcoefficientcausedby leadi~
edgeroughnesswaslessthanthatobtainedfartheplainairfoilsection
wfththeexceptionoftheNACA1410andtheNACA641-212airfoilswhich
gaveslightlyhigherdecrementswiththedoubleslottedflapdeflected.

A comparisonoftheliftcurvesforthesmoothconditionwiththose
fortheconditionwithleading-edgeroughnessitiicatesthatforthin
airfoilsecthns,leti-ge roughnesstendstogivea lessabrupt
stallthanthatobtainedfa thesmoothcondition.Thischangeinthe
t~e of stallcanbeattributedto themannerinwhichthest&lloccurs.
Fora smooththinairfoilsection,thestallfirstoccursinthevlch.ity
of theleadingedge;whereaswithleading-edgeroughnessthestalloccurs
overscrewresrpertoftheairfoilandprogressesforward.

PitchingMoments

Glauerthasshowninreference6thatforplaintrailing-edgehinged
flaps,theincrementalpltchi~mamentcausedby thedeflectionofa
flapisa linearfunctionoftheincrementalHft coefficient.The
rathermeagerdatainfigure37showthatthislinearrelationis
probablyalsotrueforairfoilswithsplitordoubleslottedflaps.If

IAC \ —

()
theratio~m Iscalculatedon thebasisofthetotalchordof

2 ~=o*
themodel~iththedoubleslottedflapextended,reasonablygoodagreement
isshownforthedoubleslottedflapandthesplitflapontheseairfoil
sections.Thetotalchordwiththeflapextendedisequaltothesumof
theflapchardandthedistancefromtheairfoilleadlngedgeto theflap
leadingedge. .

Foreachoftheseairfoilsectionsequippedwj.ththedoubleslotted .
flap,an unstable
negativepitching
tobe peculiarto
theplainairfoil

breakinthepitchi-~~ c~e (decreasein
moment)occursat thestall.Thisunstablebreakseems
thedoubleslottedflapssinceitoccursinno casefor .

orfortheairfoilwiththesplitflap. Theactual
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.

.

causeofthisphenomenonIsnotclearanden analysisofpressure
distributiondatawouldbe requiredto shownwhatflowchengesdetermine
thestabilityofthesectionat thestall.

CONCLUSIONS

SeventhinNACAairfo~lsections- theliAcA63-210,6L20S,6L21o,
641-212,65-210,6&210,and1L1Oairfoilsections– equippedwith
doubleslottedflapsweretested.Eachairfoilwastented-witha
doubleslottedflapconsistingof a 0.250-chordmainflapandOn”>
chordforeflap. ~ addition,theNACA66-210ai$foil& testedwitha
O.10&chmdforeflapendtheNACA64-208airfoilwastestedwitha
O.@&chordforeflap. Theresultsofthetestsprovidedthe”foilowi”ng“--“
conclusions$

1.Theoptimunforeflappositionsforthesedrfoflsweregenerally
about1 percentchordforwerdand2 percentchcmdbelowtheslotlip.
Theopttmumflappositionsvexledconsiderably.Thedeflect~onsfcw
whichthehighestmximumliftcoeff~cientsweremeasuredwereabout
50°to 55°fortheflapandabout25 to 30°fcmtheforeflap.

2.Forthedrfoilsectionwitheithera splftordoubleslotted
flap,themazimumsectionliftcoefficientdecreasedas theposition
ofmim pressurewasmovedto thereerendastheairfoilthiclmess
wasdecreasedto 0.08chord.

3. ha cases, themaximumsectionllftcoefficientincreased
appreciablyastheReynoldsnumberwasincreasedfrom2.4x 106to
6.ox 106butgenerallydecreasedslightlyorremainedconstantasthe
Reynoldsnumberwasincreasedfrom6.ox 106to9.0x 106.

4. ficreasingthefor-flapchordprovidedincreasesinthemaximum
sectionliftcoefficientsoftheNACA64-208andtheNACA6S210 airfoil
sectionswithdbubleslottedflaps.

‘j.Theadditionof standerdroughnessto theleadlngedgesof
theairfoilsequippedwithdoubleslottedflapscauseddecretintsin
maximumli’ftcoefficientthatweregenerallyslightlylessthanthose
withflapsretracted,causeda decreaseinthevariationofmmximurnlift
coefficientwithpositionofminimumpressureandwithairfoilthickness,
andcausedthestallstobe lessabruptthanthosefortheairfoilinthe
smoothcondition.
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6. Theratioof Incrementofsectionpitching+muentcoefficient
to incrementofsectionliftcoefficientata sectionangleofattack %

()ACm‘ .-
Of 0° — basedonthetotalchordoftheairfoilwiththe

.&2
%=00

doubleslottedflapexterxiedwasapproximatelythesameasthatobtained
fortheairfoilwiththesplitflap.

7. Anunstatlepitchi~ nt breekisencounteredat thestall
foreachoftheairfoilswhenequippedwiththedoubleslottedflaps
endseemstobe.peculiarto dou%leslottedflaps.

Iangle~hkmarlalAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

-eyFie~d~ Va.November5, 1947.
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(a) Airfoil Mth flap.

(b)
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t
~

‘2

Variables ueeclto deftie flap COnfiWat~OnfJ..
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NATIONALADVISORY
CO)MITTEE FOEAERONAUTICS

Fi@arex?.- TgpLoal airfoiland flap configuration.
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