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HIMMARX
Theresultsofa wind.unnelinvestigationofthelow-s~edaer~

na?niccharacteristicsofa k5° mept+ack horizontal+ailmodelof
aspectratio2 am presented,andme co-ed withpreviousresultsfor
a mdel ofthesam aspectratiohavingan unswepthingeline. These
datasupplemntpreviouslyreportedresultsof testsofmodelshaving
unswepthingelines”andmode~ havingthe0.2~hord linesweptbaak35°
withaspectratiosof 3,4.5, and6.

#
Testresultsarepresentedforthe4.50Sweek ~el withand

withoutstandardroughnessontheleadtngedge,witha sealedradius-
noeeelevator,andwithanunsealedradius+mse elevator.Thetest
Re~lds numbersvariedfrom3.0 to 7.5 million.Thetestsincluded
masuremntofthemodelliftandpitchingmomat,oftheelevator
hingemomnt,andofthepre,ssuredifferenceacrosstheelevatornose
seal.Tuftstudiesoftheairflawoverthemodelwith-theelevator
undeflectedandwithitdeflectedarepresented.

Themajoreffectsofsweepback}asmmsuredinthelowspeedtests
ofthemodelsofaspectratio21wereto increasethenegativerateof
ChS,Il@ ofhinge+mnentcoefficientwithengleofattack,to reducethe
negativerateof changeofhinge+omnt coefficientwithelevatordeflec+
tion,andto reducetheelevator-effectivenessparamter.Sweepbackalso
reducedthestaticlongitudinalstability.

A systematictivestigationoftbecontrol+mrfacecharacteristics,
w p@iCU.1=~ the hinge+nomntparamters$of horizontal+ailsurfaces

hasbeenundertakenby theNACAto providedesigndataende~rimntel

* ●



resultsforcolqp=isontiththepar~ters estimatedby thelif%ing-
surfacetheory.

Experimentalresultsi%ornwind-tunneltestsofmodelshaving
unswepthingeIixmsandmodelshavingthe0.&ohord linessweptbeck
~5°andhavingaepedratiosof3$4,5,and6 arepresentedin
refe?efide1,parts1,*$ andlXt. In addition,experimentalresults
havebeenpresentedinreference1,part~, fora modelofaspectratio
2 havhg an unswept hingelineandfora two-dlmnsionalmodelwiththe
NACA6kAO10sectionwhichwasco-n to all.themodels.Thepurposeof
thega?esentreportistoprovideeq%rimentai.datafora k5° swept+ack
modelofaspectratio2 fordesignuseandforcompariscniwiththe
results ofthemodelwiththeunswepthingelinehavinganaspectratio
of2. Theemgleofsueepbackforthepresenttiel was4!5°,Insteadof
the3~0usedfor@her sweptmodelsof theseries,becausethegreater
sweepbackwasbelievedtoresultIna moreacceptableplanformforthe
aqn3ctratioof2.

c%
CL

cm

Ap/q

A

b

be~

c1

Ncm!I’IoFr
Chefficients

elevatorhinge+nomentcoeffioient(H/~&6e)
(Seeappendix.)
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pitchi=ment coefficient (M/qS6)

prmisurecoefficientacrosselevatornoseseal
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fiee+rtreamdynamiopressure )

symbols

aspmt ratio(2b2/S)

spanofthesemispanmodelmeasuredperpendicularto the
planeof s-try, feet

spanc)ftheelevatmofthesetispanmodelmeasuredalongthe
hingeline,feet

ohordofthemodelmeasuredparallelto theplaneofsymetry,
feet
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~ Y feet

chordof
to the

chordof

theelevatorbehindthehingeline,masuredparallel
planeofsynmtry,feet

theelevatorbehindthehingeMne, masured
PeQWtiic- to the hingeline,feet

root+nean+quarechordoftheelevatorbehind
masuredp=allelto theplaneofsymwtry~

root+m~quare chordoftheelevatorbehind

the hingeline,
feet

thehingeline,
measuredperpendicukcto thehingeline,feet

hingemomnt,foot-pounds

lift,pounds

pitchingmomentabouta lateralaxisthrougha pointat0.25
oftheman aerodynanlcchord,foot-pounds

firstmomentoftheelevatorareabehindthehingelineabout
thehingeline,feetcubed

fre=treamdynamicpressure(+ )V2 , poundspersquarefoot

Repoldsn-r (p=/p)

areaof semispanmodel,squarefeet

areaoftheelevatorofthe
line,squarefeet

thicknessofmodelinplane

semispanmodelbehindthehinge

of symmetry,feet

velocityofair,feetpersecond

lateral.distance,feet

correctedangleofattack,degrees

elevatordeflection (positivewhentrailingedgeofelevatoris
down)neasuredina planenormalto thehingeline,degrees

absoluteviscosity,slugsperfoot-second

densityofair,slugspercubicfoot
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Parameters

(measuredthrougha = O)

(measuredthrough8e= O)

(measuredthrougha = O)

(measuredthrough be “ O)

elevator-effectivenessparemeter

MODEL

Thesemispan,orreflection-plane,modelusedinthisinvestigation
hadanaspectratioof2 anda taperratio(ratiooftipchordto,root
chord)of0.5. The0.2~hord linewassweptback45°,as shownin
figure1. ThemodelhadtheNACA64AO1Oairfoil”sectionperpendicular
to the0.2fihordline.ThesectioncoordinatesaregivenIntableI.
Thissectionwasthesameas thatofthemodelsusedinthetests
reportedinreference1.

Themodelwasequippedwitha sealedradius+oseelevatorhaving
a chordequalto0.30oftheairfoilchordperpendicularto the0.25-
chordline’.Theratioofelevatorareatototalsurfaceareawas0.231.

The gapbetweentheelevatorandtheshrouds,andthegapbetween
theelevatornoseandthebalanceplate(sealgap)areshowninfigure1.
Theelevatornosegapwassealedfromtheroottothetip. Thepres-
s,preorificesinthebalancechamberenclosedby theshroudswere 1.

“
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locatedbothaboveandbelowthesealatfourspsmwisestations.The
endsofthebalancechamiberweresealedattherootandat theouter
hingebracket.Oneelevatorhingebracketwasimmediatelybelowthe
tunnelfloor,andtheotherbracketwasat82percentofthespan.
Thebalance-chmberpressureorificesat$ll~ercentspanwere,there–
fore,outboardofthehingebrackets.

Thetipshapewasfor-dby rotatingtheairfoilsectionparallel
to theundisturbedairstreamabouta linewhichwasinboardofthe
tipa distauceequalto one4alfofthemaximumthicknessofthetip.

Photographsofthemodelmountedinthewindtunnelareshownin
figure2.

TESTS

ThetestswereconductedinoneoftheAmes7-by 10-footwind
tunnels.Themodelwasmountedona turntableflushwiththetunnel
floor(fig.2),andwastestedwitha dynamicpressureof28pounds
persquarefoot,correspondingto a Reynoldsnuniberof 3.0million.
A limitedamountofdatawasalsoobtainedatReynoldsmuibersofk.o,
5.0,and7.5million.Unlessotherwises~cified,themadelwassmooth
andtheelevatorwassealed.Forthosetestswithleadhg-edgerough-
ness,theelevator~s sealed;thetestswiththeelevatornoseseal
removedweremadewitha smoothleadingedge. Theleading~dgerough-
nesswasappliedasdescribedinreference2 forstandardroughness.
Thestudiesoftheairflowoverthemodel,as indicatedby shorttufts
ofthread,weremadeata Reynoldsnumberof3.0million.

Theliftandpitchingmomentof themodelweremeasuredby means
ofthewind-tunnelbalancesystem.’Theelevatorhingemomentwas
~asuredbymeansofa resistemce-tyyetorsionalstraingage. Pressures
aboveandbelowtheelevatorhosesealinthebalancechanberwere
measuredby theuseofa manometerconnectedtotheorificesinthe
balancechamber.

CORRECTIONS

Allcoefficientsandtheangleof
theeffectsofthetunnelwallsby the
datawerecorrectedas follows:

,

attackhavebeencorrectedfor
=thodsofreference3. The

.

a =%+0.934 cq +o.17k~
(8*= o)
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c% +0.00499c~

ch~u+0.00678c%

00993c%

wherethesubscriptu referstotheuncorrectedcoefficientorangle
ofattack.

RIISUI@XANDDISWSSIOI?

Theresultsoftestsofthe45°swept-backmodelofaspectratio2
arepresentedinfigures3 to 10. Thevariationsoflift,hhge-moment,
andpftching+ucnnentcoefficientswithangleofattackforvariousele-
vatordeflectionsaregiveninfigure3. Hinge-momentcoefficientsare
alsoshownasa functionoftheelevatordeflectionforvariousangles
ofattackinfigure4. Thevariationofthepressurecoefficientacross
theelevatornosesealwithangleofattackispresentedinfigure5.
EffectsofthevariationoftheReynoldsnumber,ofthestandardrough- ●

ness,andoftheelevatornosesealontheliftandhing~ment coeffi-
cientsareshowninfigures6 to8. Tuftstudiesoftheairflowover
themodelareshowninfigures9 and10withtheelevatorunreflected
andwithitdeflectedup15°, respectively.

Inthefol.lawingdiscussiontheresultsofthepresenttestsare
comparedwiththoseofreference1,partIV,fora modelhavingthe
sameaspectratioandtaperratio,butwiththehingelineunswept.The
modelwiththeunswepthingelinewillhereinafterbe referredtoasthe
uusweptxmdel.Theunsweptmodelhada smallamountofsweepbackOf the
0.2~hord line(16.70), whichwastheresultoffollowingnormaldesign
practicefortailshavingthecontrol-urfacehingelineina plansWk
pendiculartotheplaneof symmetry.Thesweepreference.lineforthe45°
swept-backmodelwasthelinejoiningthe0.2~hord pointsoftheNACA
&AOIOairfoilsectionswhichwereinclinedatanangleof45°tothe
planeof symmetry.Thisreferencelinecorres~ondedtoa linethrough
the0.323-chordpointsofsectionsinplanesparsLleltotheplaneof
symmetry.Theairfoilprofilesandtheelevato~hordratiosinplanes
perpndicul.artothesweepreferencelineoftheswept-backmodelwere
identicaltotheprofilesandelevato~hordratiosinplanesparallel
to theplaneofs-try fortheunsweptmodel.Thiscorrespondence
facilitatesa comparisonoftheexperimentalresultswiththeoretical
resultsinvolvingaspect~atiocorrectionsforsectionliftandhinge-
momnt parameters.Thegeomtriccharacteristicsoftheunsweptand .
swept-backmodelsaredifferenth planes@aral.leltothepi-e of
symmtry,as shownby thefollow@ table: .
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F

Model

Unswept

Sweptback

Elevator-chordThickne~ Trailing-Edge
ratio,~ ratiosF angle

(deg)

0.30 0.100 12

.23 I ●079 I 8

7

Accordingto theusualconvention,theelevatordeflectionsforboth
modelsw&e measuredinplanesperpendiculartotheelevatcmhinge
line.

LiftandHinge-lbmmtParamters

Theliftandthehing~ment paramtersarelistedintable111
forImththeunsweptmodelandthe45°swep-hackmodel.As shownby
thistable,C~ changedfrom4.0002fortheunsweptmodelto41.0013
fortheswep%baokmodel;thechangein Ch8= wasfrom-o.o~a tO
-0.0057;andtheelevator~ffectivenesspar&eter qje waschanged
from~.~ to-O.51. Thevalueof C~e wasreducedfrom0.029to
0.021,but CL waspractica~yunchanged.

a

StaticlongitudinalStability “

Thevariationofpitchi~~nt coefficientwithangleof
attackfortheunsweptandtheswept-baokmodelsindicateda destabi-
lizingeffectof sweepback;theaerodynamiccenterwasshiftedforward
about2 percentof theman aerodynamicchord.Bothmodelswerestati-
callyunstableat smallanglesofattackas evidencedby a valueof
(d%/du)8e.0 of 0.0023fortheunsweptmodelanda value of 0.0031
fortheswept4ackmcdel.

Theexperimentalresultswhichindicatea destabilizingeffect
of sweepbackforthemodelsofaspectratio2 anda stabilizingeffect
of sweepbaokforthemodelsofaspectratiosof3, 4.5, and6 arenot
inexactagree~ntwiththetheoreticalresults shovqinfigurek of
reference4. Thetheoreticalresultsindicatetwoeffects:(1)a
stabilizingeffectof increasingthesweepbackfona constantaspect

%he valuesof theliftandhinge+nonmntparameterswerederivedfrom
larg~caleplotsofthedata.
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ratio,and(2)a destabilizingeffectofreducingtheaspectratiofor
a constautangleofsweepback.Theconibinaticmofthesetwotheoreti-
cal.effectsresultsinno chemgeInstabilitybetweena modelofaspect
ratio3 sweptback350anda modelofaspectratio2 sweptbackk~o.
Experimentally,huwever,therewasa destabilizingshiftintheaer~
dynsmiccenterofshout.4 percentbetweenthesemodels.

Theresultsofa statisticalenalysisofa groqpofplanformsof,
variousaspectratiosandenglesof swee~ackpresentedinreference 5
indicatethatthestaticlongitudinalstabilityatthestalldecreases
withincreasingsweepback.Theexperimentalresultssreinagreement
withthisreference,sincetheyindicatea decidedincreaseinthe
staticlongitudinalstabilityatthestallfortheunsweptmodelbutonly
a slightticreaseinthestabilityfortheswep=ackmodel. (Seefig.
3(c)&d reference1;partTV,fig.4(c).)

EffectofReynoldsNumber

tieeffectsofvariationoftheRe~oldsnumberfroms.oto7.5
millionareshowninfigure6 fortheswep~aokmpdel.Thenwimum
liftcharacteristicsofthemodelwererelativelyunaffectedlythis
wxriationofReynoldsnumber,buta smallreductionin C~e was
noted(asmeaswedthroughzeroaugleofattack).Thevalueof C~
remainedneexlyconstantwithincreasingReynoldsnumber,butthere
wasa smallincreasein C~e.

Themaximumliftcoefficientoftheunsweptmodel(reference1,
partIV)increaseilslightlywithincreasingReynoldsnmber,butthere
wasno changeintheliftorhinge+omentpxrsmeterscorrespondingto
smallliftcoefficients.

l!lffectofStandardRoughness

TheeffectsofstandardleaMng-edgeroughnessupontheliftend
hinge-momentcoefficientswiththeelevatcmnosegapsealedareshown
h figure7 fortheswep~ackmodelofaspectratio2. As shownin
thisfigure,endintable11,therewasno changein C~’ CLbe’‘r Chay
buttherewasa reductioninthenegativevalueof Ch8@ ‘frcm--0.0057

to -0.0055.At thelargerelevatordeflections,theef~ectofroughness
wastoreducethehingemomentsslightlyatthesmalleranglesofattack.

Fortheunsweptmodela similarreducticmin C
%e

uasmeasured,

and,inaddition,thevalueof C
%

wascheageafrom-0.0002to 0.0006.

r

.

.

“
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EffectofRemovingElevatorNoseSeal

Themajoreffectofremovingtheelevatornoseseal(modelssmooth)
wastoreducetheelevatorlift-effectivenessparametercL~e ofthe

sweptiackmodelwitha consequentreductionof ~e. As shownh
figure8 andtableII,C% wasreducedfrcm0.021to 0.018.The

lift-curveslome G re&ned constsnt.A smallchanue3n C% and

C%ewasalsoraeas%ed.
Theonlynoteworthyeffects

modelwereto changeChbe
from

themaximumliftcoefficient.

Visualization

Thephotographicstudiesof

%

uponthecharacteristicsoftheunswept
-0.0072to-0.0074md toreduce

oftheAirFlow

theairflowas indicatedby tufts
ontheupperandlowersurfacesoftheswepkbackmodelwiththeele-
vatorunreflectedanddeflectedup 15°arepresentedinfigures9 and
10,res~ectively.

Withtheelevatorunreflected,andwiththemodelat an angleof
attackof0° (figs.9(a)and9(b)),theairflowoverboththeupper
andlowersurfaceswassmooth.At an angleofattackof 4.2°(figs.9(c)
and9(d))a noticeableoutwardflowhadstartedovertheelevator,and
at thetipofthemodelthetuftsbdtcateda flowfr?mthelowerto the
uppersurface.Thefrontspanwiserowof tuftsonthelowersurface
alsoshoweda tendencyfortheairtoflowoutward.At an ang3.eof
attackof12.6°(figs.9(e)and9(f))roughflowat thetipwasevidenced.
Separationapparentlybeganneartheleadingedge;thisfacthasalso
beenindicatedby liquid-filmstudies.Furtherincreasesintheangle
ofattackcausedtheareaofroughflowto progressinward.Figures
9(k)and9(1)illustratetheconditionsexistingJustbelowtheangle
ofattackforthemaximumliftcoefficient,whichwasapproximately
27°,andfigures9(m)to 9(p)illustratetheconditionsat thestall.

Thestudiesofthetuftson themodelwiththeelevatordeflected
UT’15°,presentedinfigure10,showthattheroughflowagainstarted
at thetipandprogressedinward.Themaximumliftcoefficientoccurred
at aloutthe.sameangleofattackas itdidwiththeelevatorunreflected
(fig.3(a)).An interestingfeatureofthetuftstudiesof themodel
withtheelevatordeflectedwasthereductionintheoutpd flowalong
thelowersurfaceoftheelevatoras theelevatorbecamemoreclosely
alinedwiththeundisturbedairstreamat thelargeranglesofattack.

.
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CONCLUSIONS

Theresultsoftestsconductedto evaluatethelow-speedaerody-
namiccharacteristicsofa &jOswept-backtailmodelofaspectratio2,
whencomparedwiththeresultsofyrevioustestsofa modeloftheBsme
aspectratiowiththehingelineunswept,indicatedthat:

1.
modelto

2.
modelto

3*

The valueof C% waschangedfrom-0.0002fortheunswept
-0.0013”forthe45°sweptibackmodel.

Thevalueof C@e waschangedfrom-0.0072fortheunswept
-0.0057forthe45°swept~ackmodel.

TIMelevato~ffectivenessparametera~= waschangedfrom
+.73 fortheuusweptmodelto -0.51 forthe45°~wept~ackmodel.

4. Sweepbackreducedthestaticlongitudinalstabilityas shown
by a forwardshiftoftheaerodynamiccenterofabout2 prcentofthe
nmanaerodynamicchord.

5. Theeffectof increasingReynoldsnuniberwastoreduoeC%e
andto increaseC&e forthesweptiackmodel.No significant

scaleeffectshadbeenencounteredfortheunsweptmodel.

6. Theeffectofstandardleading-edgeroughnessontheunswept
modelhadbeento changeCM from-O.0002to0.0006.Therewasno
changein C% fortheswept-backmodelwithroughness.

7. Themajoreffectofremmimgtheelevatornosesealwasto
reducetheelevatorlift-effectivenessparameterme oftheswept-
backmodel.

AmesAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

MoffettField,Calif.
.

.
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CONVERSIONFACTORSFORHINGE-MOMENTCOEFFICIENTS

Becauseseveralmthodsareinusefortheconversionofhinge
momentstonondimensionalcoefficients,particularlyfor swept-back
liftingsurfaces,factorsrelatingthevariousmthodsarepresented.
To obtainthehinge+nomentcoefficientsforoneofthelistedmethods,
multiplythevalueofthehinge+mxnentcoefficientsofthisreportby
thecorrespondingfactorinthefollowingtable:

Equationsfor k5° swept4mc*iWl ofaspect

hinge+ncment
coefficients @~ Conversion

(ft3) factor

ch#L 1.734 1.000
~SeTe

%3=--= 1.767 O.ga
qb?se

Che‘*
1.444 1.201,

%9=*
1.444 1.201
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TABLEI.-COORDIIUW!lSFQRTHENACA64AO1O
AIRFOILANDTHEMODEL!I!ESTED

[AllDimensioninPercentofWingChord]

UpperandIawerSurfaces

Station NACA64AOI0 Wiel
ordinate ordinate

4
0 0 0
.50 .804 .819
●75 .969 .9871.25 1.225 1.247

2.50 1.688“ 1.696
5.00 2.327 2.333
7.50 2.805 2.780

10.00 3.199 3.202
15.00 3.813 3.816
20.00 4.272 4.280
25.00 4.606 4.61o
30.00 4.837 4.842-
35.00 4*968 4.950
40.00 4.995 4.975
45.00 4.8g4 4.889
50.00 4.684 4.672
55.00 4.388 4.373
60.00 4.021 4.o11
65.00 39597 3●594
70.00 3*127 3.131
75.00 2.623 2.637
80.00 2.103 2*120
85.00 1.582 1=595
90.00 1.062 1.071
~.oo .541 .553

100.00 .021 .022
‘, 1

L.E.Radius0.68~;T. E.Radius0.023a1

aSam forboththeNACA64AO1Osectionandthemodel.
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TABLEII.-A SUMMARYOFTEEHFI’ANDHINGE-MOMENT
PfWWEYERSOFTHEUN$’WFFTANDTHE45° SWEPT-BACK

MODELSOFASPECTRATIO2 (R,3.0X 106)

ModelCondition
ParameterModel~othj ModelwithstandardModelsmooth;

elevator roughness;elevatorelevatorseal
sealed sealed removed

Uhswepta

c% -0.0002 0.0006 -0.0002

Chbe -.Oop –.0070 -.0074

c& .040 .040 .040

Che .029 .029 .029

a~e -=73 -~73 -=73

Sweptback

c& -0.0013 -0.0013 -0.0012

Chbe –.0057 -.0055 -.0054

c& .041 .041 ●041

C%e .021 .021 .018

%9 -.51 -.51 -.44

aParametersfortheunsweptmodelarefrokreference1,partIV.
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(a) ke-qmier frontview.

Figure 2.- !Jhe 45° swept+ack model of a6pect ratio 2 mounted

(b) !ihrae+wmter rear view.

intheAmes7- by UWPoot wind tunnel.
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(b)Pitching-moment

Figure 3- Concluded
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Figure 5- Variation ofpressure coefficient across elevator nose

seal with angle of attack for the 450swept-hack model of
aspect ratio 2. R, 3.OxIO!
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(b) Hinge-momentcoefficient

Figure 6.- Concluded.
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(a) u = 0°, upper surface, (b) a = 0°, lower surface.

,. ,: ?L:”a
(c) a = 4.2°,upper surface.

Figure 9.- The air flow as indicated by tufts
the elevator unreflected. R, 3.0 X 106.

on the45°awept+ackmodd of aspect ratic 2 with

(d) a = 4.2C, lower surface.
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(e) a = EI.60, upper surface, (f) cc .12.6°, lower mrface.

(d U= 16.9°,umwr surface, (h) a=16.9°,lower stiace.

Figure 9.- Continued.
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(i) u=21.0°, upper mrface. (J) a = 21.0°, lowwr surfaoe.

(k) u = 25.2°,upper surface.

Figure 9.- ConMnued.

I

(1) cc= 25.2°, Lm3r En&ace.
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(a) a = -0.3° ~ upperSurface.

.

(b) u = -0.3°, lomr surface.

(c) a = 3.9°,upper surfaoe

Figure 10.- The ati flow as indicated by tufts
tha elevatcn? deflected -15°.R, 3.0 x lee.

(d) a=3.9°, lower aurface.

on the 45°awept+ack model of aqect ratio 2 with
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(e) a = 1.2.3°,upper Surface.

(d a = -16.60,upper stiace.

Figure 10.- Contime&.

(f) a .12.3°, lowersurface.

(h) u= 16.6°,lower surface.
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(i) ~ = 20.8°, UPPW Btiace.

(k) a = 25.0°,upper surface.

Figure 10.-C ontfnuad.

(d) CL=20.80, lower surface.

., .,.,,.

E!

(1) CL= 25.0°,lower aurfaoe.
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3

(d U= 28.9°,upper mrface. (n) a= 28.9°,loww surface.

IMgura

(o) a=30.9°,

10.-Conoluded.

upper mrfaoe. (p) ct=30.9°,lower aurfaoe.


