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ThepresentreportisabriefmmmeryoftheinvestigationsOn
symmetricalandcamberedairfoilsintheIWLhigh-speedwititunnel.
Inthell@tofmeasurementsofwingsofdifferentaspectratiowith
equalprofileitisshownthattheeffectoftheaspectratioonthe
increaseinliftwithrisingllachnmberexpectedonthebasisof
calculationsiscloselyconfirmedbythemeasurements.Severalrecent
exper-ntsonawingwiththesmallaspect ratioof b2/k= 1.15are
M.scusse&wheretheliftdi~closednodisturbanceswithinthetest
range,thatis,uptoez@esofattadsof u = 8° andMaohnwibersof
M = 0.9,ardthedrag(atca= O)startstoino~ at8~ch
higherMachnumberthanforawingwiththesameprofilebut@e8t8r
aspectratio.

1sIN2ROIKJCTION

Theairfoilstested.k theWL high-speedtunnelarerepresented
infigure1.$ Thetestsprikzrilyinvolveda seriesofsymmetrical

“’ProfilmessungenimlNZ-Hoc~schwi@igkeitswin&mnal(2,7-meter
Ilwchmesser).l’i5ilienthsJ.-Gesell.schafti%rLuftfahrtforschung,
Berioht156,pp. >16.

‘Thenotationfortheprofile used in 5igure 1, whichisnormal
practiceintheINII,isexemplifiedonthe.NAOAairfoil1 3012-1.140:
lkpthofcaniber,pei*cent. . . .. . . . . . . . . . .
IXstsnceof’xmdmumcamberfromtheleadlngedge,
percent. . . .. . . . . . . . . . . . .. OO. .

TMcknessratto,percent.. . . . 4 . . . . . . . . .
Rmeradius,percent..g.. . . . . . . . . . . . .

Iackxmrdpos$tionofmaximathicknessfrm thenose,
percent. . . . . . .. . . . . . . . . . . . . . .

TheadaedletterslMCAind3catethattheco~tourofthe
tionismaintaZned.

~/2 = 40
W systmiga-
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standardNACAairfoilswiththicknessratios
d/~=O*O6and tijz = 0.18 (reference1).
mmetricalm?ofileshaviuthicknessratios

——-
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rangiry”-between
Inadditionthree
of9j?.2Jand15Pej:cmt ●

~thmaxlmum-thhknessmm~dlmokwardwereinvestigated;thetests,
however,havenotyetbeencorrelatedbecauseoftheirusefc&
differentpurposesandthelongdelqy%atweentests(reference2).
SOfaronlyoneprofilewith2-percentoanberandnormEQ.thioknms
distributionhasbeeninvestigatedattherequestoftheMesser-
schmittCo.(re~erenoe3)0A greaternmnberofprofilesofvarious
~~berare~a~ to.betested..(Inthemeant-!methreemorecambered
WofileswereinvestigateduptoJanuary19430)

Onthepreviouslyenumeratedprofilesthepressuredistribution
wasmeasuredinthecentersectionoftherectangularwingsfitted
withendplatesandthedragwasccunputed.frmmeasurementsof
mcmentumlossbehindthemodelwings.Thewingchordofallthese
modelswas~ end3~miU.imeters,respectively,sothatthe
Reynoldsnumberevenatthelowest

1?(M= 0.30),withRe* s2.2x LO
h numberofthetests,
wasstillconsiderablyabove

thecriticalvaluefortheboundary-l~erreversalanflatplates.

Inadditionanumberofprofiles withthicknessratioupto
all= 0.50andohordsof 2= 60millimeter~ ~ weretestedso
astoobtaina preliminaryinsightintotheeffectsofsuchprofiles
anthedragathighMachnmibers,especially withrespectto
propellers.

II.RESULZS

—

oFTEsTsoN21m’lmsAT
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HIGHSUBSONICWEEDS

profiles

ThevaluehGa/&governingtheliftathighairspeedswas
determinedforsym&ric,alprofilesofva@ng thicknessfrmDVZ
testsandplottedagainsttheMachnumberinfigure2. The
theoretical,curvefort

%-+%
inoreaseaocordingtoIWndtltd

approximationratiolj isincludedforccqparison.In
thepvm subsonicrange,thatis,uptotheoriticalMach
number,M*,atwhichtheVeloeltyofsoundIsreached_orexceeded
thetestcurvesofthSn

&
ofilesuptod/Z= 12percentmanifest

aninoreaseinmO ac valuewhiohIsingoodagreementwith
Prandtl’scd.culatiomoOnlyonthethickestprofilewith
d/Z=18percentdcqxtheliftinoreasedisappearwithrising
Maohnwiler,obviouslyastherewltofthemoreunfavorable
demlop.mntoftheboundarylayeronthickprofiles.

-.

.—

locally,
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AfterexceedingthecriticalMachnuniberW, thatis,assoon
asthesonicvelocityIsloceUyexceededatthe~ofileend
compres~ibilityshockoccurs,the~emisesofthePrendtllaw
arenolongercompliedwith,hencenoagreementistobeexpected
betweentheexperimentalandthemeticelcurve.Whileinthis
rangetheliftincreaseforthinprofilesupto d/Z= 22percent
increaseaatfirst,andthenshowsMCmarkeddecreaseuntilafterI
substantiallyexceedingthecriticalMachnumber,theLifton
thethickprofilesof d/2=15 percentend18percentdecreases
assoonasthecriticalMachnumberisexceededandfinaUydrops
tozeroataboutM=o.83. Thisdissimilarbehaviorofthelift
onthinandthickprofilesinthesupercriticelr-e ofcMachnumbers
oenbeexplainedfrauthepressure-distributionrecmdsbythe
dissimilardevelo~entoftheccm~essibLUtyshocks.

OnstudyingtherengeofMachnuibersona profilewith
cqessibilitysha.koccurringonlyonthesuctionside(fig.3),
itisseenthatthisshockhaselrea@lnovedmuchfarthertoward
thetrailingedgeonthethin~ofilethbnonthethickprofile;
thiscausestheearliermanifestedMft increaseonthethin
p?ofileandtheliftdecreaseonthethick~ofile,asseenby
a ccmperiscnwiththepressuredistributioncurveatsmaUMaoh
naberindicatedbythinlines.

IfatfurtherriseinMachnumberthe~essuresideelsohappens
totuneintotherangeofthecompressibilityshock(fig.k),these
shocksdeveloponsuctionandyesswesidenearthetrailing edge
of thin~ofilesatsufficientlyhighsubsonicMachnwnbers,sothat
alargeliftingsurfaceremains,whichhoweverissubstantisll.yless
compsredtothe~essuredistributionwithoutpressure-sideccznpreesi-
bilityshock.Onthethick~ofile,ontheotherhand,thesuctlon-
sidecompressibilityshocklagsbehindinitsrearwardmovement,so
thatfcwtheliftingsurfaceat#e f~d pertoftheprofilethere
isa correspondingnegativeliftingsurfaceattherear ~t ofthe
profileandthelifttherefaredropstozeroorevennegativevalues
inspiteofthepositiveangleofattackoftheyofile.

Theformationofthecitedpressuredistributionsalsoaffmdsa
possibilityofestimatingtheliftdistributiononprofilesathigher
Machnumbersthancorrespondtothemeasuredrsnge.Asthepressme
distributionofthethinprofileinfigure 4 indicates,at M = 0.88
thecom~essibilityshocksonsuctimand~essuresidehavealready
traveUedclosetothetrailingedgesothatonthisyofileno
furtherfundanentelchangeinliftistobeex~cted.Thisis
rea~ seenbya comparisonwiththepressuredistributionofan
alrfoflata sup=sonicspeed,asre~esentedinfigure5 according
toameesurementbyFerri(reference4).The~essuredistribution

9



.———.

k NACATM‘1240

L
atsupersonicvelocityresemblesinthelow-pressurevariationas
wellasinthepositionofthecompressibilityshockthepressure
distributiononthethinprofile.Accordinglyitistobepresumed
thatthecurvesfor theliftincreaseinfigure2~ nothe

●

extrapolatetozeroforthethinprofiles,butthattheliftis
actuallymaintainedthroughoutevenatfurtherapproachtosonic
velocitycSeveraltestsIntheDVZhigh-speedtunnelareavailable
whichshowthattheltftattheveryhigh-h numberof M= 0.90
doesnotoontinu,etodropsteeplybutratherstartsagaintorise
tohigherliftcoefficients.Fortheem reason it is tobe
expectedthatonthethickairfoilsarisein Machnumberbeyond
thetestrangewtllbeaccapanledbya lift$ncreasetorational
v4uea, becausethesuction-sideccznpressibilltyshockwilltravel
tothetrailingedgeevenonthethickairftiiltiatsufficientlyhigh
subsonicMachnumbersandsocanceltheoverlapimthepressure- _--—

distributionplots.
—

2.LiftofCamberedAirfolla

Onlyonecamberedairfoiltith2-peroentdepth

—
.

ofcsmberand
1~-perc&tthi~nessratiohasbeentested,aLthou@a large
numberofcemberedmodelwingshadbeenpreparedfortesting.
Asidefra theliftIncreaae&@c.L andthedr~whichare
similartothoseonsymetrica3airfotlsof equalthicknessratio,
allunusualresultoftheeomeuurgmentswasthesudden&is acement

i?oftheemgl.eofattackfor zero lift athlghliachnumbersfig.6)~
~le Upto M= 0.8thean@eforZerO lift oft~e.cabmd ~rfoi~
waslocatedat a.s -2.5°,Itroseto ~ = 2°, orchangedby
about3.5°whentheMachnumberincreasedto M = 0.86~Thus
awingmustbegivena 3.50highersettinginthisrange,iflift
conditionssimilartotho~eatsmallMaohnumbersaretobereached.
Thisdisplacementofzeroangleofattackiss3.soattributableto
a particularformationonthepressuresix oftheocaupressibility
shookthatsuddenlymovesindireotionofthe

?
trailingQ*

inthe0.8to0.86Machnumberrange(fiSe.7 and ).

3. NeutralStabilityPointof’E&metricalProfiles

Theneutral stabilitypointwhichowingtothesymmetryofthes
profileinthisinstancealsoindicatesthepositionoftheapplied
momentwascomputedforthesertesofNACAairfoilsofvaryingthick-
nessfrcunthepressure-distributionmeasurementsoverarangeof
smallliftcoefficients.Accordingtof-e 9 thecurvesforthe 1varyinglythickprofilesaresostaggeredatsmallandmediurnvelocities
thatforthickprofilestheneutral.stabilitypointliesnearerto —-

●
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theleadingedge.Thisisduetotheboundaryleyerwhichthickens
moreonthesuctionthanonthepressuresideendthereforereducesthe
liftatthetrailingedgeinaocm?dwiththeeffectivejetbouudary
attheedgeof theboundaryl~er.Thisdecreaseinliftcaused
bytheons-sitidthickeningoftheboundarylayerisnatureM.y
somuchgreaterastheprofileisthicker.

AtincreasingMachnumberall.neutral-pointcurvesshifttoward
thewingleadinge~e,theshiftbeinggreaterforthethiokerprofiles.
Thisalsoisexplainablebymeansofthebomdsx’yl~er,sinoewith
risingMaohnuniberthe~essuresgoverningtheboundsq-leyer
developmentinoreaseandthusthes- effectisproduced as bya
furtherthickeningoftheprofile.

AfterexceedingthecriticalMachnumber,thatis,afterlocally
exceedingthevelocityofsoundthecurvesofthethinairfoilswith
6-to12-~ercentthtcknessratiobendsharplyindJrectionofthe
tail-heavyneutralstability-pointpositions,whilethecurvesofthe
thickprofilescontinuetoriseintheolddirection.Thisdissimilar
behaviorintherangeofthecmessibilityshooksisalreadyevident
&canthepreviouslydiscussedPressure-distributimcvx’vesinthis
epeedrange(figs.3 and4). Owingtothedissimilarca~esstbility-
shookpositiononthepressureandsuctionsideofthickairfoils
itresults in@rerlapinthe~essuredistributionwhichasa result
ofthedownwashshiftstheappliedmomentforward.Thisoverlap
oanoelsoutonthethinairfoilsespecWJ.yathighMaohnumbers.
Onthecontrary,the~essuredistributionstisclosethattheapplied
momenttravelsindirectionofthewingcenteraainpuresubsonic
flow*

4. DragofSymmetrical.Profiles

Thedragof.thesynmetrica.1profiles-tithdifferentthickness
ratiosexploredinthehi@-speedtunnelisplottedagainstthe
Maohnumberinfigure10forsynmetrice3airflow.Thereisno
ohangeindragcoefficientuptothecriticalMaohnmiber,thatis,
inthesubsonicrange,butaftera certaininoreaseinMachnmiber
beyontitheoritimil,thewellknownsteep-dragriseoccurs.The
mountofthedragrisecoveredonanaveragebythesetestsisup
to&ag coefficients(referredtofrontalarea)ofsxound0.4.

Inthepuresubsonicrsngethedragcoefficientof the-profiles
tested.ispracticallyoonstsnt,althoughtheReynoldsnuniherofthe
testshoreaseswithincreashgMachnm..er.ThisobservationwasJ
madeonthesymmetricalN4CAairfoilsae well as onothertestson
differentmodels.Intheevaluationofthesecurves
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ItshouldbereznenibexwlthattheReynoldsnwibereffeotleadtngto
a dragdecme~nt18opposedbytheeffectof compreselbilityon
inoreaslng the vebcltieswhiohsotsintheseneeofa&ag Inorease.
CalculationsforprediotlngthedragoumeatsuhcritioalMaohnumbers

T

have uptothepresentnotgivent~ o-letsequalityofthesetwo
mutuallyoounteraotinginfluenoee;itmustnotbeforgottenthatthese
appmxinatIonprocessesoonslderodmlytheReynoldsntmiberand
the apparentlytnoreasedprofilethiokness,butnotthecomprese5-
billtyIntheformationoftheboundarylayer,Bythiscendssionno
provieionIsmade,forexample,forthefadthateubetsxxtlal
temperaturedlfferenoeswow withintheboundarylayerwhioh,for
Inetanoe,atthepofntwhere100allythevelooityof soundis
exaotlyZ13aohed,alreadyamountstoabout45°C. Sowhenthe
boundaryd~rlawsobtaimdforInocuqprtwdbleflowareapplied
tommprmstbleflowthedifferemebetweenmamrmwmtend
preliminary oalculatlonis,inview ofthisonitti~ti-~rature -
sradlent,notsurprising.

—

XnoidentaltothesteepdragIndreaeethequeetlmarisesasto 9
whatvalwsthedragwill attainatfurthertnoreasing&oh number.
Fromnumerousnwasuremntsfnthehigh-speedtunnelItwasfound . _ _
thatthedragmeff%cientbasedonfrontalareaappeafsto~nd
towardaterminalvalueoftheorderofma~itudeof ~ =1.2at

Q

highJ&ohnumbers,sothatthisvaluemayserveasreference point
foranextrapolationof the drag inefficientsbeyondthetestrange. —.

~ls valueieconfirmdeatiefaotorllybythemasummntson
thtokt3ym&rlmlatrfoileofemllohordrepresentedInfigure11,
andwho~ethMmessratiohadbeenraiaedto50~roentinviewof
propeller‘rootprofiles.Theprofileohordofthesewingsr-d
between36and60millimeters,t~ epanwasaboutX) millimeters.
TheM weremountedonena~justableoentralspindle,thedrag
atzero setttng was detmmlned bymansofa thinwireextondlng
forwardatthemodel.T&memasummntgalsoshuwwithtnnmaauring
aoouracythenearlyconstsntdragcoefflciontuptotheoritIcal
Maohnumber.

XII. coRREMImcmTHEPRcw’mMEMmEmmsINTm

lYvIImE4REE’Dl?uNmLwrrETHEwSuREMEmsmm

IMGEwINDfmwELuFm3DvL

TIMnmasurenmtsin the WI+hi@-spgedtunnelgene~allycovera
3

speedrangeoffzwm100metersper eeuondtoabout90~reentofthe
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velocityofsoundlAtthelowestairspeedcapressi’billtyusually
hassucha smell.effectthatthetestdatainthisrange are
directlycxnnparablewiththemeasurementsinlow-speedwird.tunnels.

TheseriesofsymnetrlcalNAOAairfoilsections,forwhichan
abstractfromthehigh-speedmeasurementisgiveninthepresent
I’epor%, was sJ.so tested inthelargetunneloftheIWZ(5X ‘7 metsrs]
atlowspeeds(reference5).Thedatafrombothtestsszze
ccmparedinfigures12end14.Forthecomparisonthetestsfrcmthe
high-speedtunnelwereextrapolatedtothellachn~berof M = 0.2
correspondingtOthespeedinthelar~ t~l 17~ichinvol~ed no
difficultiestnviewoftheflatnessofthecurvesinthisr-e
ofMaohnumbers.

1?
eReynoltinumberinbothwind-tunneltests

wasRe~2t7x10. Theagreauent‘betweenthemecmurementsin
bothtU2Uleb iS unue~ gOOdo The discrepancies in drag and
inmomentaboutthequaz’ter-chordpointrangewithinmeasuring
accuracy.

Onlyfortheliftincrease~ca~b dothe,hfgh-speedmeasurements
systematicallyexceedthoseofthelezgetunnelbyaboutZpercent.
Thisdifferenceisprobablyduetothefactthatnormalti~swith
aspectratio b2/F= 5 were used in thela~,’~etunnel,whiletheT71n@
inthehigh-speedtunnelwerefittedwithendpl.atieo.Inthe
conversionvftheangleofattackwiththeend-platemeasurements
totwo-~nsionelflow,itiseoncei~~~ethatthesimpleequations
employedfortakingtheend@atelrmoaccount,aocordingtoO.Schrenk,
stillcontaincertaininaccuracies.

IV.EEKECTOFAS%ZCTRATIOONTHEAEROIXNAWC

ccm?FIcmfI’$oFmK!!r~-

Thepreviously reportedtestdatawereobtained,asa rule,
frcmpressure-distributionmasm~nts Inthecentersectionof
rectmgulartinge,hencereproducetheprofilecharacteristicsfor
two-dimensionalflawingoodappracimation.Thedragmeasurements
OZIthem wi s oflargethickness withtheircomparatively large

YAsyect ratios,b @S 10ormore,formtheonlyexception.

1.EffectofAspectRatio .

Inthepuresubsonicrangeitisoftiportancetoknowwhether
theaspectratioactsinaccordwiththetheoretic

?
calculations

(reference)ontheriseintheliftincrease ~ca~ tith
increasingMachm.mber. Accordingtothesecelculatimsthelift
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inoreasesatconeixmtangloofattaokof@e wingonlyintwo-
dimensionalflowintheratiol/~1=, whileforfiniteas~ot
ratiotheriseissmalleranddisappearsaltogetherintheextreme
easeofvery~11 aspeotratioa.

Onthe bai.s of later masurcmmtsanwingEIwith thesamprofile
NICA00012-1.130withthreediffe?mntas~otratios(b2@=OE
frompmsmre-distributionmasurementiqand b2/F = 6 and1,15from
foroonsasu?mmmts)thisquestionxwgardingtheliftInoreaaecouldbe
answeredtotheextentthatthetestdataareinsatIsfaotoryagreemmt
withthecslmlatione.@ thewingw$thverysmallaspectratioin
particular,I@ =1.15,thSPiSOOf the &)=/&z VShU3S with
IncreasingMaohnumberisextremelysmall(fig.’15).

Accordi
7

tothecitedtheoretflcalinvestigationsthisdininishad
risein ~o ~ forsmall.aspectratinisattributabletothefaot
that,whiletheliftbelongingtotheeffectiveangleofattiackof
thewingincreesesinaocordwith

*
alculaticmsfortwo-dimensional

flowwiththePrandtlfaotor1/V1 - thetnduceddownwashangle
atthewingalsoincreasesasa result~ftheinoreasedliftand
soreducestheliftbywayoftheeffectivean@.eofattaok.This
reducedliftinoreaseisthereforesomuch@eaterasthedownw8sh
effectisgreater,thatis,astheaspectratiobeccmessmellero
Fu theverysesnereasonthisreduotiondisappearscompletelywhen
8sforinfiniteaspectratiothedownwashisinfinitelysmall.

Themeasurementsforb2jk= ~ and 112@= 6 showno substantial
differencesintheirfundamentaltiatributioneveninthesuperoritical
rsngeofMaohruunbere,es forInstance,thetemporarymarkedrisein
liftafterexceedingthevelooityofsoundfollowedbyamarkeddrop
as8 redlt of the pressure-distributionoverlap.Onthewingwith
asgectratioI#fi= 6, whiohwasmeasumdupto 24~ O.90~ itis
notedegainth@ theliftcheraoterietic~c~ atveryhigh
@h nmbersof M = 0.90nolongerdecreasesbutbeginstorise
againwithfurthertncreasoinMaohnumber.

Franthis general.trendfm b2/F--j~ a t2/F= 6
thetestcurveofthowingwithb2# =1.15differsinnoticeable
manner,totheextentthatthiswingneithere=bitsagreater
incre~enoramarkeddecreaseinthe ac#a curveinthe
supercritica3rangeofMachnumbers.

-.
.-
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2.W~nUWithAspectRatioI#fi= 1.15

(NAOAairfoilsection00012-1.130)e

ThewingdesignedwiththeNACAairfotlsectionOOO12-1.130
hada ohordof Z=0.35Mot3z-8cIt‘#X.sUPP~te~ata% ~ent~~
bya singlebalancesuppertWhichtransmittedtheliftenddragofthe
modelwI% ata 45°an@eobliquelytothebslance.Themomentwas
measuredona separatebalancedvera symmtricelmmentarm.

Lift:Figure16showstheliftcoefficientCa plottedag~nst
theangleofattaoka forseveralMaohnumbers.Incontrsattoall
profilemeasurementsknownsofar,nodisturbancesofanykindwere
olmrvedthroughouttheentirerangeofMaohnumbersupto M = 0.91,

8notwihstandingthefaotthattheangleofattaokwasraisedupto
a=82 savethatthehighestMachnumberM = 0.91athi@ a
noloweryieldsthesli@tdeflectionoftheliftcurveindirection
ofhi@er ca$‘butonthecontrary,a slightdeflectioninthe
oppositesense,thatis,towar~lowerca.However,itistobe
notedthattheliftcoefficientasaresultofthesma3.1aspectratio
at u = 8° mountstolittlemoretianca= 0.2.

Sohlterenobservationsmadecontemporarywiththeforcemeasure-
mentsindicateathatat M = 0.82severe compressibilityshocks
occurre~evenatzeroangleofattaoke Accordingtothe6ohlleren
photographsthekoationofthecanpressibilityshocksonthe
p?easuresidewasalittlenearertothetratllngedgethanonthe
suctionside,sothattheoverlapobservedontheprofilein
two-dinwnsionslflowandthelossin lift ~oduce~%yit,was
lergelycanceledout.

Thesmelleffect oftheMachn-r ontheriseoftheliftcurves
ca= f(a)ismoreaccuratelyrepresentedinfi~e 17onthevariation
oftheliftincrease bc#kL with respecttotheMachnumber.
bc+ ~cre~e~ VWY ~ttle, in fret,alittlelesseventh~ the
the~ stipulates.

Mcment: Infigure1$themomentcoefficientreferredtothe
2/4chordofthewingsisplottedagainsttheliftcoefficientCa
forseveralMaohnumbers.Accordingtoitthemcmentcurvesare
notrectilinearsnymoreevenatlowspeeds,endthisoscillating“
variationiS considerably simplified at increasingMachnmber.

%hesemeasurementsaretohepublishedasa separatereport
inthenearfuture.
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Butdiscontinuousmomentjumpsasonwingsintwo-dimensional
flowarecxx@.ete3yabsent*

●

Anotherunusualfactisthatthemmentcurveswithrleing
Machnmiberturnconsiderablyintheunstablesense,whlohI
correspondtoa shiftoftheneutral stabilitypointtowu’dthe
lea- edge(fig. IS)o Evenatlowspeedstheneutr~stdbi~ity
point,whichowiagtothesymetrioalwing~ofileisalso
identioalvlththecenterofpressure,ltesabout18percent
dheadofthe%/4paint,thatis,onlyabout7 percentaftof
theWng leadingedge.Thisf~ position1seqlainedbythe
faotthatowingtothesmallaspectratioofthe~ thestream
linesareconsiderablycurve~ocanparwltothewingchordwhlohat
thetipespeciallyleadstogreaternegativeliftandeven20s8
80 lift● SinoeathighMaohnunibersforthemodelwingwith
b @ = 1.15threecom%eponika ccqperablewingtntncan~esslble
flowwitha smalleraspectratio,thefurtherforwardshiftof
theneutralstabilitypoint with inoreaeingMaohnumberisreadily
understood,eventhoughthenmgnltudeofthistravelwas,atfirst,
swmising.Forexample,theneutralpointliestie~ atthenose
whenM = 0076isreached;atstillhigherM itandwithitthe
centerofpressureUes evenaheadofthe* leadlngedge.

A compwlsanwithWinter60testsonwingsofmallaspect
ratios(referenoe7)indloatedthatawingwith#/k ~1 -
12.7-percentthicknessratiocorrespondl~tothepreviously
reportedmeasuremerdmlikewiseaxblbttod6veryforwardlylocated
neutralstabilitypoint,whichwasdeterminedasbeing less than
10percentbehindtheleadinge~.

&8# ~ drw Of the ~ with b2/k= 1.15ineymetrlctkl
flowisplottedagainsttheMaohnumberh figure20, along with
the ccmreqpondingdragcurves oftherectangularwingwith‘#P = 6
andofawingwith350positivesweepbaokandb2@ = 60 Allwings
hadthesameNACA00012-1.130profile.Thedragincreaseonthe
~ with@/J?=1.15isconsiderab~del~edrelativetothe
rectan@arwl~ andstartsonlyalittleearlierthanonthewing
with5°positivesn@eofsweepback.Thereductionfra l#@ w 6

$to b @ =1.15thorpfmecaueesthea~ del~indragIncrease
athighMaohnmbers, as obtainedforb @ = 6 witha 30°Wsitive
sweepback.

!Checauseofthisbeneficialdr~ actionof thewi_g withsmall
aspectrat10islikelytobefoumiina tremsitiontothree-
dimeneicmslflowasaresultofthesmallaspectratio.Atthe
wingtips,whoserangeofinfluenceinthispartiotalarcaseamounts
toa considembleportionofthe total wingarea,a flowoccurswhich
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israthercmparabletoanSEISUY-etricsJ.thantoa two-dimensional
flow,andasa mneequencee@dbitsthemorefavorablechsraoteristlcs
ofathree-dimensionalflow.

1. A briefsurveyoftheairfoilmeasurementsLntheI$lZhlgh-
speed.tunnelisgiveninthelightofseveral diagrams.

2. Bymeasurements on -s of differentaspectratiositis
provedthatinthepuresubsonicrangetheaspactratioaffeotsthe
riseoftheliftasthetheorystipulates.Thustheliftforwings
ofinfintteaslectratio,forexmple,increaseswithl/C-22,
whileintheextremecaseofvenishinglysmallaspectratiothe
liftremainsconstant In spite ofincreasing Maohnuiber.

3. High-spewmeasurementsonarectangular@ng withb2@ = 1.15
disclosedthatintheentiretestrange,thatis,upto M = 0.90
andanglesofattackupto a = 8°,norou@cllscontinuitiesin
liftandmomentwereobserved.Thedragriseatzeroliftonthis
wingccmp=edtothewingof b2@ = 6 wasshif’ted.considerably
towar~higherMaoh”nmibers* .

DINXJSSION

~appe:G&hertlsdr~ cuxvesshowedno riseatsmalland
mediunMachnumbers-Butaccordingtotheoretical.oonsiderathnsa
linecrincreasoabovethePrsndtlfaotorshouldoccux,asciefinitdy
observedintheHeinkeltunnel.ThereasmthatthiseffectUd
notoccuron(XRhert1scurvesmightbefoundina superposition
ofmutud.lyopyosingeffectsofReynoldsandMaohnmiber.h the
measurementsintheEeinkelh@-s~ed tunneltheef;eotofthe
Reynoldsnmiberwassuppeseedby turbulenceodgos.ThisiS
c&o plainly observedm thepositionofthetestpointsonpart of
G&hertISourves.

Helnibold.AccortingtoGihher-t (JBs 1941,I&F,p. 1.684)it
ispossibletocorrecttheairspee~inthetunnel,ovenwhen
supersonicareasClrecdyoccurattheprofile.PrOnlseis,of
courso, thattheydonotyetreachthetunnel@lJ..Butthis
condittcmexlstelongbeforereaohingthevehoityofsound.In
thisrespectthefreeJetshowsxnorefavorablucharacteristics,
sinceonitthesupersonicareasextendingoutfrcmtheprofile



12 .. NAC!ATM1240
B

cm abletoreachthejetboun~ onlywheathe~~tleavesth~ ‘
nozzlewithsonicvelooity.Thecorrectivepossit~litywhich
inthetunnelrestsonthemeasurementoftheminimumpressure
atmaximumspeedatthetunnelwallandprovidesreferenoepoints

4

forthepredicthnoftheintensityofthereflecteddipole@id
bymeansoftheFrsndtl—Busemamlaw.is,onthefreejet,given
bythemeasurementofthegreatestjetexpamionagdthesubsequent
detamzinationofthereflecteddipole~id. Thec~rrectioxapossi-
bilitythereforeendsonlyatsoniovelooityonthefleejet.

—
TranslatedbyJ.Vanier
NationalAdvisoryCommittee.
forAeronautics
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NormalNACA -Profiles I Special Profiles
(symmetrical)

oenwik--—- - ~ I NX’A l“wmrn
oM43+mF—-——

/

OoffIF+W* &Y=y Cambered profile

z = 60 mm; drag measurement; a = 0°

Figure 1.- Profiles tested in the DVL high-speed tmmel.
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Figure3.-Pressuredistributionsofprofilesofvaryingthiclmesswith
expressedcompressibilityshockonthesuctionside(puresubsonicflow
yetonthepressweside).
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Figure4.- Pressuredistributionwithcompressibfityshocksonsuction
andpressureside.
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Figure5.- *
PressuredistributionatsupersonicflowM =1.85(according

toFerri).
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Figure6.-AngleofattackatzeroliftofacamberedprofileathighMach
number(proftie:Messerschtitt23513 -1.130).
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Mgue 7.- Pressure distribution
and M= 0.84 (angleof attack
23513 -1.1 30).
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ona camberedprofile at ‘M= 0.80
am* 0°)(profile: Messei%cWtt
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Figure 8.- Pressure distribution on a camberedprofileatM =0.80
andM =0,84(am%1.60).(Profile:Messerschmitt23513-1.130)

Figure 9.- Neutralstabilitypointpositionacm/acaforvariousthick
symmetrical NACAprofiles plotted against Machnumber (cas O).
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4080“ (referredtothefrontalsurface)
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Figure 10.- Profile drag coefficient ~ for various thick symmetrical
NACAprofiles plottedagainst Machnumber (ca =O).
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Figure 11.- Drag coefficientCW atzeroliftforthicksymmetricalNACA
airfofisplottedagainsttheMachnumber(airfoilseries000d/1-1.130).

1 I I I I I I I
(.xvff ~w, ~
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LargeWfidtunnel(m 914)
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2 profileseries240
H#’I-_tindtunnel

4006 0 profileseries000
I I I I

4004

aw ‘

!lhiclmessratiod/t

o I I I-
0 404 44? 4?2 @ 6?20 @

Figure 12.- ProfiledragcoefficientCWP forprofilesofdifferentd/1

(NACAseries000d/1-1.130and240d/1-1.130)accordingtotests
inthehigh-speedtunnelandtitielargetunnel.Reynoldsnumberinboth
cases:R =2.7x106;MachnumberM x 0.20;liftcoefficientCa=O.



22
,-. .--

NACATMWIO

.—
— --.4.

~
.-,

1

-

1

E ._
● DVL- Hi@-speedWid tunnel(207m?) -—-.

‘Bch numberM= o-a ““—

6 (T ! I I t —
. ..=

Jo [ ...=*-—.
I 1 I I .—I =!F

4
0 LargewindtunnelIW’L(6x 7WI)(FIl914)

2

o ‘lhickneseratiod/tm-
0 404 4U8 d{. 4/8 (!/20 0]4

—

—
.

Figure 13.- Liftincreaseaca~m jntwo-dimensionalflowonprofiles.Of.

different d/1(NACAseries000d/1-1.130)accordingtomeasurements
inthehigh-speedtunnel(pressuredistributionmeasurements)andinthe
bigtunnel(weighing).
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Figure 14.- Neutralstabilitypointpositionbcm/acaforprofilesofdifferent

d/1(NACAseries000d/1-1.130)accordingtopressure_distribution
measurementsinthehigh-speedtunnelandweighinginthebigtunnel.
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Figure 15.- Effect of aspect ratio A on the lift increase a Ca/& at high
Mach numbers in the zero lift range (NACAseries 00012 -1.1 30).

Figure 16.- Lift coefficient Ca plotted against CLfor a rectmgular whg of
A= 1.15andNACA airfoilsection00012-1.30atdifferentMach
numbersM.

.
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Figure 17.- Liftincrease~caha ofawingwithA=_l.15andofanairfoil
of the lNACAseries00012-1.130plottedaga~ttheMachnumberat
Ca= o.

-- . —

Figure
for
1.1

18.- Mornentcoefficientcm2/4 plottedagainstliftcoefficient_ca
Rrectangular wing of A= 1.15 andfor the profileNACA 00012-
30atdifferentMachnumbers.

M

FYgure19.- Neutral stability point ~cm /a Ca ofawingwithA =1.15and

—.

———

profileNACA 00012-1.130plottedagdnstMachnumberatCa=O
(cm> O;tailheavy,referredtot/4line).
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RectangularwingA =i3\ ,f~
443 1/1

I I 1 II I

Figure X).- Drag coefficient ~ atzerOlift plottedW$a~t wch nuxdber

for several model wings of different aspect ratios A andangleQ; profiles
of all modelsmeasuredinflightdirectionareNACA 00012-1.130.
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FromG&hint,B.: HoohgeschwindigkeIt snkmeungen

en einmFli&elkleiner Strec+lcung. Zentrale fiir
wimenschaftlicheeBerlchtewesentiesLuftfshrt-
forechvngdesGeneralluftzeugmeiuters(ZWB)
Berlin-Adlershof,ForschungsberichtNr.1846,
f%@X%Ml6end7.
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High-Speed Measurements Force
wing with A=1.15for NACA Measurement
profile 00012-1.13) Jf 712

Tested
Septem@r21-26,1942

figure 6.- Drag coefficient Cwas a function of lift coefficient Ca at Mach number
M = 0.’3) and 0.61.
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High- Speed Measurements Force
wingwith A= 1.15for NACA Measurement
profile 00012-1.133 Jf 712
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Tested
September 21-26,1942

Figure 7.- Drag coefficient ~ as a function of lift coefficient Ca at Mach number
M =0.65 and 0,91.

. , * ● .

1’i I I I


