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An investigationwasmadeintheLangleystabili~tunneltodeter-
minethedirectionalcharacteristicsofa sharp-nosedfuselagemodel
througha large-angle-of-attackrangeat zeroangleof sideslip.The
resultsshowedthatthefuselageexperienceda largeincreaseinyawing
momentastheangleofattackincreased,owingtoasymmetricaldispo-
sitionofthepairoftrailingvorticesemanatingfromthenose.

A ringor otherroughnessusedonthenosecaused(mainlyby
alteringthevortexdisposition)a largedecreaseintheyawingmoment
obtainedathighanglesofattack;infact,forsomeanglesofattack
theyawingmomentwasofa senseoppositetothatobtainedwitha plain
fuseL3ge.Althoughthereasonthattheringalteredthevortexdispo-
sitionhasnotbeenestablished,theuseofa ringmsybe convenient
forstudyingthereversalofvortexdisposition,andhenceofload,
whichhasbeenfoundtobe self-inducedandtooccurapericdica.llyfor
somefuselagesinotherinvestigations.

12tCRODUCTION

Theinterestintheforcesandmomentsexperiencedby bdies of
revolutioninclinedtothelineofflightaroseoriginallyin connection
withairships.Duringtheeraof thesubsonicairplane,interestinthe
forcesandmomenteexperiencedbybodieslaggedsomewhatbecauseofthe
relativelyminorcontributionoftheairplanefuselageto theaerodynamic
characteristicsof thetotalairplsmeconfiguration.Theadventofmis-
silesandsupersonicaircraftwherethebodyisa majorcomponentof the
configurationhasagainfocusedinterestonbodycharacteristics,espe-
ciallybcdiesofrevolutionatrelativelyhighanglesofattack.
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Athighanglesofattacka widediscrepancyexists,of course,
betweenthepotentialflowconsideredinreference1 andtheactualflow
as shownby tieexperimentalmeasurementspresentedinreference2. The
measurementsofreference2 showedthata pairof symmetricallydisposed
vorticeswerepresentbehindtheinclinedairshipmodeltested,andthese
mightbe expectedtoaffectthebodyandbody-and-fincharacteristics
appreciablyathighanglesofattack.

A phencnnenonwhich,itwasbelieved,couldbe attributedtoan
asymmetricalvortexdispositionandtoanaperiodicreversalof this
vortexdispositionoccurredinthecalibrationtestsofa conicalpitch
andyawtuleh theLangleystibil.i~tunnel.Thepressuresmeasured
by theyaworificesof thetubeinpurepitchwereunsteadyathigh
anglesofattackandreversedaperiodically.Theaperiodicreversalof
pressurewaseliminatedwhena smallmodificationwasmadeto thenose
ofthepitchandyawtube.

As a resultofthesetestswiththepitchandyawtube,itwas
believedthata sharp-nosedfuselagewouldhavefluctuatingforcesand
moments,oratleastasymmetricaldirectionalcharacteristics,athigh
singlesofattack.Therefore,inordertodeterminethedirectional
characteristicsinpitchofa sharp-conical-nosedfuselageathigh
anglesofattackandtheeffectofnosemmlificationsonthesecharac-
teristics,an investigationofa fuselagewitha shsxpconicalnosewas
madeinthestabi~tytunnel.Itwashopedthattheresultsofthe
testsalsomightshedsomelightonthecauseofthefluctuatingpres-
suresmeasuredwiththeconical-nosedpitchandyawtube.

Themodificationstothebasicmdel consistedof increasingthe
roughnessof thenoseby useofa ringmadeof~- inchwirelocatedat16
variousstationsalongthefuselagenoseandalsoby coveringa portion
ofthenosewithCarborundumgrains.Theeffectof successivelycutting
off1 and3 inchesofthenosewasalsoinvestigated.Forcemeasure-
mentsweremadewitha sti-conponentbalzincesystemandtheinstantaneous
yawingmomentwasalsomeasuredwitha strain-gagebalance.somecircum-
ferentialpressuremeasurementsweremadeat onestationonthemodeland
the
the
are

The
are

c~ ‘

%

instantaneousdifferentialpressureoftwoyaworificeslocatedin
noseofthemodel
presentedherein.

wasmeasured.The

SYMBOLS

resultsoftheinvestigation

to theTheforcesandmomentsarereferred
positivedirectionsofforces,moments,and
showninfigure1.

normal-forcecoefficient,N’/qA

hteral-forcecoefficient,Y/qA

bodysystemofsxes.
~ displacements
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yawing-mment

normalforce,

3

coefficient,N/qAD

lb

lateralforce,lb

yawingmoment,ft-lb

-c pressme, +P /2,lb/sqft

massdensimofair,slugs/cuft

free-streamveloci~,ft/sec

maximumcross-sectionalareaofmodel,0.0608sqft

maximwnbodydiameter,0.2783ft

distancealongfuselageaxis,measur~rearwardfromfuselage
nose,in.

fuselageordinate,measurednormaltofuselageaxis,in.
(fig.2)

localorificepressure,lb/sqft

pressuredifferencebe~eentwoyaworificeslocatedin
fuse= nose,lb/sqft

totalpressureoffreestream,lb/sqft

angleofattackoffuse-e centerline,deg

angleof sideslipoffuselagecenterline,deg

MODELANDAPPARATUS

Thefuselageusedintheinvestigationwasa
whichwasmadeofmahoganywitha noseofbrass.
of thefuselagewasabout10.4.Thenoseportion
a coneof 15°apexangle.Thecoordinatesof the

bodyofrevolution
Thefinenessratio
ofthefusehgewas
fuselagearegiven

infigure2 and-apho~ographofthefuselagemountedinwe bel is
givenasfigure3. TwelveequaUyspacedorificeswerelocatedonthe
circumferenceof tiefusel-ageata station17.675inchesfromthenose.
Thepressuresattheseorificesweremeasuredwithanalcoholmanometer.
An electricalpressurepickupwasbuiltintothebrassnoseportionof
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thefuselagetadeterminethepressuredifferencebetweentwoyawori-
ficeslocatedonthesidesof thecone2.U5 inchesfromtheapex. The
fusehgewasmountedthrougha stiaingagetoa strutwhich,inturn,
wasmountedona six-componentbalancesystem.Thestraingagewasso
arrangedthatitmeasuredtheinstantaneousyawingmomentofthefuselage
aboutthefuselageaxis. Theforcesandmomentsweremeasuredwiththe
balancesystemaboutthewindaxesandthenconvertedto thebody-axes
system.

Theinstantaneouspressuredifferencebetweentheyaworificesand
theinstantaneousyawingmomentmeasuredby thestraingagewerephoto-
graphicallyrecordedby meansofanoscillograph.

A smallrectangulartail(6 inchesby 3 inches)ofaspectratio2
wasusedinconjunctionwiththefuselageforsomeofthetests.(See
fig.2.)

TESTS

‘l@ tests weremadeinthe6- by 6-foottestsectionof theIangley
stabilitytunnel.lbstofthetestsweremadeata dynamicpressureof
X.3 poundspersquarefoot,butsomeconfigurationsweretestedalsoat
-C w=swes of64.3, 39.7, and24.9poundspersquarefoot. The
msximumReynoldsnumberbasedonfree-stresmvelocityandmaximumfuse-
lagediameterwasapproximately500,000.Themaximun~ch ntier
was0.26.

Alltestsweremadewitha d- supportstrutandfairinginorder
tomaintainsymmetricalconditionsnearthebody. Anglesofattackwere

T
obtainedby ya themodelinthetunnel.Theangle-of-attackrange
wasfrom0°tob and,formostof thetests,theangleof sidelipwas
0°. A fewtestsweremadeat -@ angleofsideslipforthesameangle-
of-attackrange.

Nowind-tunnel-wallor strut-tarecorrectionswereappliedtothe
data.

RESUI!I’SANDDISCUSSION ,

Theresultsof theinvesti@ionarepresentedinfigures4 to 16.
Althoughboththestaticandtheinstantaneousyawingmomentsofthe
modelweremeasured,mostofthedatapresentedarefromthestatic
measurementsobtainedwiththebalancesystem.
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Thevariationofnormal-forceand
minedfrombalance-systemreadings)of

yawing-momentcoefficients
thefuselagewithangleof

5

(deter-
attack

forzerosideslipa@le isshown-infigures4 and5, respectively,for
severalvaluesofdynamicpressure.Thenormal-forcecoefficientshown
infigure4 increaseswithangleofattackasexpectedand,ingeneral,
increaseswithan increaseindynamicpressureforalltheanglesof
attacktested.Theyawingmoment(fig.5) issmallandfairlyconstant
upto about15°angleofattackbutincreasesrapidlyabove15°and
reachesa ratherhighmmdmumpositivevalueatabout35°angleof
attack.Repeattestsof thefuse~e, whichwasa bodyofrevolution,
resultedina yawingmomentwhichconsistentlyshowedthesamevari-
ationwithangleofattack.Witha perfectlysymmetricalfuselagethe
variationwouldbe expectedtodifferfromtesttotest;thatis,for
onetesttheyawingmomentmightbecomemorepositivewithangleof
attack,whereasforthenexttestitmightbecomenegative,depending
on initialtrends.Thetendencyoftheyawingmomentof thefuselage
tobecomemorepositivewithangleof attackinthepresenttestswas
foundtobe associatedwithmodelcharacteristicsratherthantunnel
testsetupbecausea test(datanotpresented)withthemodelinverted
showedtheyawingmomenttobe inthesamedirectionrehtiw to the
fuselage.An increaseindynamicpressuregeneraldydecreasedthe
valuesofyawingmomentintheangle-of-attackrangeneartheanglefor
msximumpositiveyawingmoment;however,theeffectisnotconsistent
forallanglesofattack.(Seefig.5.)

ThecrossReynoldsnumberscorrespondingto thedynamicpressures
ofthesetestswerefairlylowsothatthecriticalcrossReynoldsnum-
berfora cylinder,basedonmaximumfuselagediameter,wasattainedat
thehighestdynamicpressureof thetestsatabout25°angleofattack
of thefuaelageoItisbelieved,however,thatevenif thecritical
crossReynoldsnuuiberwerereachedat loweranglesofattack,thegeneral
variationsof theforcesandmomentswithangleofattackwouldnotbe
alteredappreciablyforthebodytested.

Studiesofrecordssuchasfigure10,whichwill.be discussedlater,
showedthata reversalof lateralloadwithtime,expectedonthebasis
ofprevioustests,wasnotobtainedinthepresenttests.Theloading
on thefuse-e tendedtoreverse,however,whentheangleofattackwas
increasedabove35°. Thistendencyis indicatedby thelargedecrease
inyawingmomentandanactualchangeinsignof theyawingmomentat
a dynamicpressureof 24.9poundspersquarefootandanangleofattack
of38°. (Seefig.5.) A changeindirectionofthelsberalloadand
yawingmomentrelativeto thatobtainedfortheplainmodelwasobtained,

however,evenatanglesofattackas lowas 20°,whena ~-inch-diameter
16

wirewaswra~d aroundthenoseportionof thefusehgetoforma ring
1 inchfromtheapex. Figure6 showsthatthevaluesofyawingmoment
arethessmeforring-offandring-onconditionsup to an angleofattack

— . — .——



of 15°. Abovethispoint,theyawing-momentcoefficientsfortheplain
fuselagebecomemorepositivewithangleofattack,whereastheyawing-
momentcoefficientsforthemodelwiththeringon thenoseshowanoppo-
sitetendencyandbecomenegatimas theangleofattackisincreased.
However,theabsolutevaluesofyawingmomentaresmallerforthering-
on condition.A studyof thelateral-forcecoefficientspresentedin
figure6 indicatesthat thedecreaseinyawing-momentcoefficientsis
causedby a reductionof lateralloadandby a shiftinthecenterof
pressureofthelateralload.

A cursorytuft-probeexaminationat35°angleofattackandvery
lowspeedshowedthatthevortexdispositionalongtheplainfusekge
wasasymmetrical.,evenforpositionsverynesrtheapex. Theasymmet-
ricaldispositionofthevorticeswasresponsibleforthelsrgevalues
ofyawingmomentobtainedwiththeplainfuselageatangks ofattack
above15°. Thisinitialasymmetricaldispositionof thevorticeswas
considerablyalteredandappearedreversedwhentheringwasplacedon
thefuselagenose. Thisaltereddispositionofthevorticesaccounts
forthedifferenceinthevariationsof thelateral-loadandyawing-
momentcoefficientswithangleofattackobtainedfortheplainmodel
andthoseobtainedforthemodelwithringon thenose. Thering
decreasedtheabsolutevaluesofyawingmoment,anda studyofthe
lateral-forcecoefficients,presentedinfigure6, indicatesthatthis
effectisdueto a reductionoflateralloadand,also,toa shiftin
centerofpressureofthelateralload. Thereversalindirectionof
theloadat onesectionof thefuselage,causedbythering,canreadily
be seeninfigure7,whichpresentsa comparisonof thepressuredistri-
butionsfortheringedandtheplainfuselageobtainedaroundtheperiph-
eryabout17+inchesfromthenoseata dynamicpressureof 64.3pounds

persquarefoot. Thepressuredistributionsshowninthefigureappear
equalandopposite;thisresultindicatesequalandoppositelocal
lateralloads.Thepressuredifferencemeasuredby thetwoyaworf-
ficies,whichshouldgivea goodindicationof themawitudeofthe
lateralloadattheyaw-orificelocation,indicatesthereversalin
directionof loadcausedby thering;however,thepressuredifference
isnotofequalmagnitudeforbothconditions.(Seefig.8.) me ring,
therefore,mustaffectthepressuresatdifferentlengthwisestations
todifferentextents;suchaction,of course,wouldnotonlychangethe
resultantloadingbutwouldalsocausea shiftinthecenterofpressure.
Themechanismbehindthechamgein initialvortexdisposition,andhence
intheload,broughtaboutby theringisnota~arent;nevertheless,
evenwhenthemodelisat -6°sideslipangle,whichgivesthemodela
largerinitialpositiveyawingmoment,theringiscapableof causinga
reversalindirectionoftheloadat someanglesofattack.(See
fig.9.) Results(notpresented)oftestswiththeringskewedabout
differentradialaxesintheplaneof theringdidnothaveanyapparent
effectontheactionof theringinreversingthedirectionofload.

*

.

.$ ,
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l?romtheforegoingdiscussion,itappearsthattheeffectsofthering
notonlycanovershadowthemodelcharacteristicsthatinitiallycaused
theyawingmomenttoincreasepositiwlywithangleofattackbutalso
canovercomeinitialtendencieswhicharecausedby anangleof side-
slipofatleast6°, thelargestsideslipangletested.

Recordsoftheinstantaneousyawingmomentandyaw-orificepressure
differencearepresentedinfigure10fortheplainfuselageandthe
fuselagewithring1 inchfromthenose. Thisfigureshowsthatthe
momentsandpressureswereveryunsteadyathighanglesofattack.How-
ever,sincethenatural.frequencyof themodelandstraingage,deter-
minedexperimentallytobe ~ to50 cyclespersecond,isthepredomi-
nantfrequencyoftheyawingmomentsrecorded,itisunlikelythatthe
recordsoftheyawingmomentsobtainedgivea reliableindicationof
eitherthefrequencyortheamplitudeoftheforcingfunction.Although
thenaturalfrequencyof thepressurepickupsystemwasnotdetermined,
itappearstobe veryhigh,andanychangesinpressuredifference
recorded(otherthanthehigh-frequency“hash”seenonmostof the
records)arebelievedtobe morerepresentativeoftheforcingimpulses
thantheyawing-momentrecords.Ihfigure10(b),a square-wavevari-
ationcanbe seenintherecordofpressuredifferenceforthemodelwith
ringonat36°angleofattack.Inthepresenttests,thiswastheonly
instanceinwhichthistypeofvariationwasobtained;however,although
themagnitudeof thepressuredifferencevariedconsiderably,thesign
didnotchangeas itdidinearliertestsofa plainconical-nosedpitot
tube. !Ihisvariationindicatesa periodicshiftingbutnota complete
reversalof theoriginalvortexdisposition.Thedifferencesin shape
of thefuse-e andthepitottubereaward oftheconicalnosesec-
tion(pitottubehada stiight,cylindricalportionof constantdiam-
eter)probablycausedtheresultsforthefuselagetobe somewhatdif-
ferentfromthoseexpectedon thebasisofthetestsof theconical-
nosedpitottube.

A comparisonof theyawingmomentsobtainedfrombalancereadings
withthoseobtainedfromstrain-gagerecords(suchasfig.10)isshown
infigureIL (Thevaluesofyawingmomentwereobtainedfromthe
recordsusedinthecomparisonby takinghalftheamplitudedefinedby
twohorizontallineswhichboundeda majori~ofthewavetracesof
instantaneousyawingmoment.) Thevariationofyawingmomentwithangle
ofattackisseentobe similarineachcase.Thedifferencesinvalues
determinedlythetwomethodscamprobablybeattributedmainlytodif-
ferencesinstrut-tarevalues,whichwerenotdeterminedforeithercase.

me effectson theyawingnmnentofvaryingthelocationofthe
ringfrom1 inchto 8 inchesfromthenoseof themodelcanbe seenin

x
figurelZ. As thedistanceoftheringfromthenoseincreases,the

.

I _..— _——
—..——— —— — .—
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effectivenessoftheringinreducingtheyawingmomentappearsto
decrease,andthefirst3 inchesofthenoseapparentlyisthemost
criticalregionsofarasalteringtheloadonthefuselageis concerned.
Testsofa fusehgehavinga shortellipticalnoseshowedthatthering
hadonlya smalleffecton theyawingmomentof thefuselage.

Theeffectsof cutting1 and3 inchesoffthenoseof thefuselage,
toforma bluntnose,canbe seeninfigure13. Theyawingmomentswere
ofoppositesignto thoseobtainedwiththepkin fuselageatanglesof
attackabove25°andweresmallthroughouttheangle-of-attackrange,
incontrasttothoseobtainedwiththeplainfuselage.

Inthecourseofthepresentinvestigationitwasfoundthatthe
loadingonthefuselagecouldalsobe reversedby increasingtherough-
nessofthenosewithCarborundumgrains.Figure14showsthatthe
effectof theCarborundumgrainson theyawing-momentcoefficientis
verysimilartothatofthering.

In figure15 isshowna comparisonof theyawingmomentsofthe
plainfuselageandofthefusebgewitha rectangubrtailofaspect
ratio2. Thegeneralvariationofyawingmomentisthesameforboth

0 amd30°,thetail-casesbut,intheangle-of-attackrangebetween20
on configurationhasa smalleryawingmomentthantheplainfuselage,
possiblybecauseoftheeffectsoftheasymmetricalvortexdistribution
onthetail.Athigheranglesofattack,thetailisprobablyatleast
partlyoutsidetheregionof influenceofthevortices.Theeffectsof
tieringontietail-oncofiiguration(fig.16)aresimilartotiose
obtainedwhentheringisusedwiththeplainfuselage;however,the
ringisnotquiteaseffectiveinreversingthemomentsas itwaswith
theplainfuselage.

CONCLUDINGREMARKS

An investigationwasmadeintheIangleystabilitytumneltodeter-
minethedirectionalcharacteristicsofa shsrp-nosedfusehgemodel
througha largeangle-of-attackrangeat zeroangleof sideslip.~
resultsshowedthatthefuselageexperienceda largeincreaseinyawing
momentastheangleofattackincreased,owingto asymelxicaldispo-
sitionofthepairoftrailingvorticesemanatingfromthenose.

A ringorotherroughnessusedon thenosecaused(mainlyby
alteringthevortexdisposition)a largedecreaseintheyawingmoment
obtainedathighanglesofattack;infact,forsomeanglesofattack
theyawingmomentwasofa senseoppositetothatobtainedwitha plain
fuselage.Althoughthereasonthattheringalteredthevortexdispo-
sitionhasnotbeenestablished,theuseofa ringmaybe convenient

—— —
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forstudyingthereversalofvortexdisposition,and
whichhasbeenfoundtobe self-inducedandto occur
somefuselagesinotherinvestigations.

LangleyAeronauticalLaboratory,

1.

2.

:,

NationalAdvisoryCommitteeforAeronautics,
~ey Field,Va.,October10,1$52.
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Figure 4.- Effect of dynamic pressure on the variation of fuselage
normal-force coefficient with angle of attack. p . OO.
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Figure 5.- Effect of dynamic pre.saureon the variation of fuselage
yawing-manent coefficientwith angle of attack. p - OO.
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Figure6.- Variationwithangleofattackof theyawing-momentand
lateral-forcecoefficientsoftheplainfuselageandthefuselage

with~- incli-diameterringlocated1 inchfromthenose. ~ = OO;16
q = 98.3poundsper squarefoot.
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~gure 8.- Variation with angle of attack of the pressure difference
meamred by yaw orifices for the plain fuselage and for the fuae~

with ~ - inch-diameter ring located 1 inch from the nose. ~ = OO;



Flgum 9.- Wfect of small-sideslip angle on the variation of the yawhg-
mcmmrt coefficientwith e.ugleof attack for the plain fusehge and for

the fuse- with ~ - inch-diameter ring located 1 inch from the nose.

P = -~; q = X.3 Guda p= square foot.
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e.

(a) Ringoff.

Figure10.- Recordsat severalanglesofattackoftheinstantaneous
w- ~nt ~d theww-orfficepressme differencefortheplain
fuselageandforthefuselagewith~-inch-diameterringlocated

1 inch&cm thenose. ~ = OO;q = 98.3poundspersquarefoot.
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(b)Ringon.

Figure10.-Concluded.
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Figure IL - concluded.

1 inch from nose.

I

!. ,



I

mg CklhYZ’efm

Figdre12.- ‘feetd 10mtiOn‘f i’ ‘hchdi-tir ‘tig ‘n “ -i-
ation of yawing-moment coefficient with angle of attack. f3= OO;
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Figure 13. - Variationofyawing-moment coefficientwith angle of attack
for fuselage with 1 and 3 inches cut off the no6e. ~ = 00;
q = 93.3 w~~ m sq~e root.
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Figure 14. - Variation of the yaWing-moment coefficient with angle of
attack for the plain fuselage .xx3for the fuselage with first 2 inches

coa~d~~ c~bo~d~ ~atis. P = OO; q= XJ.3 pxnds per Bquare
fcmt.
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Figure 15.- Variation of the yawing-moment coefficientwith angle of
attack for the plain fuselage alone @ for the plaln fuel.age with
tail of aspect ratio 2. B = &; q . 98.3 poundsper square foot.
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~gure 16. - Variation of the yawing-nmment coefficient with an@e of
attack for the plain fuselage with tail and for the ringed fuselage

with tail
( )
~-inch-diameter ring 1 in’chfrcm nose . p = OO;
16


