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●

A supersonicwind-tunnel. beenconductedintheLangley
investigationonstoretiterferencehas
4- by 4-footsupersonicpressuretunnel

ata Machnumberof1.61.l’orces&d moments-weremea%redona krge
ogive-cylinderstoreinthepresenceofa 45° swept-wing-fuselagebomber
configurateionfora numberof storelocationsbelowthefuselagecenter
line.

Resultsoftheinvestigationshowthatlargevariationsofstore
lift,drag,andpitchoccurwithchangesinstoreorairplaneangleof “
attack,storeverticallocation,andstorehorizontallocation.The
variationofthestoreforcesandmomentswithrespecttothechordwise
locationofthewingplanformindicatesthatthewingisa hrge factor
inproducingtheinterferenceloadsonthestore.Comparisonofdata
forunderfuselageandunderwingstorelocationsatan angleofattack
of0° showedmaxm storedraginterferencesofsimilarmagnitudes,
butshowedconsiderablysmallermsximmninterferenceonstoreliftand
pitchingmomentsforunderfuselagestorelocations.

INTRODUCTION

At transonicandsupersonicspeeds,researchonexternalstores
. andnacelleshasshownthatinterferencefromthevariousaircraftcom-

ponentsmayleadto largeperformancepenalties.Inrecognitionofthe
needforadditionaldataon stores,a detailedinvestigationofstoreu
interferenceat supersonicspeedshasbeenmadeintheL&gley4-by
4-footsupersonicpressuretunnel.(Seerefs.1 to 3.)
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References1 and2 presentresultsoftestsmadeona 45°swept-
.

wingbomberconfigurationwitha largeogive-cylinderstorefora large
7—

numberofunderwingstorelocations.Thepresentinvestigationsupple- .
mentsthedataofreferences1 and2 withadditionaltestsmadefora
numberofstorehorizontalandverticallocationsbelowthefuselage
centerlineofa geometricallysimilar45°swept-wing-fuselagecombina-
tion. Theaerodynamiccharacteristicsofthestore,withoutpylon,were
measuredfora rangeofangleofattackbetweent80ata Machmmiber
of1.61.Theresultsofthesetestsarepresentedhereinandarecom-
paredwiththeunderwingstoredataofreferences1 and2. Sufficient
datawereobtainedtopermitpresentationincontourmapform.Tram
thecontourplots,calculationofthestore-releasechmacteristic,as
outlinedinreference4,maybemadefortheunderfuselageconditions.
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store(uncorrectedforbasedrag),&
?

store,Lift~

pitching-momentcoefficientofstore,
Pitchingmoment

c3F2

lengthof store,13.1 in.

lbdynamicpressure,—
Sqft

maximum frontal.areaof store,().()147

storediameter,1.64 in.

aboutstorenQwb .—
.—

Sqft

horizontal(streamWise)distancebetweenstoremidpointand
fuselagenose(Seefig.1.)

chordwiselocationofstoremidpoint,measuredfromleading
edgeofwingcenter-linechord,in.

wingcenter-line

meanaerodynamic

WiW SpIj 26.18

chord,10.07in.

chord,7.18in.

in.
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●

Y spanwiselocationofstorecenter
centerline,in.

.

3

line, measuredfromfuselage

z verticaldistancebetweenstoremidpoint
lineat 22-inchstatign.~~.

h’ verticaldistancebetweenstoremidpoint

andfuselage cent~.

andfuselagesur-
face, in.

% singleofattack
stream,deg

angleofattack

of

of

storemeasuredwithrespectto freeair-

wing-fuselagecombinationmeasuredwith
respectto freeairstresm,deg

APPARATUSANDTESTS

.
Theprincipaldimensionsofthemodelsandthegeneralarrangement

ofthetestsetupareshowninfigure1. The45° swept-wing-fuselage—
. store combinationwasdesignedto simulatea heavy-bomberairplanewith

a L3rgeex%ernalstore.Thisconfigurationwasgeometricallysimilar
tothatusedinreferences1 and2.

Thewingandfuselagewereconstructedofsteelandweresting
mountedintheLangley& by k-footsupersonicpressuretunnelwith
thewingsina verticalplane.Thissupportsystemallowedthemodel
tobe traversedintheX and’Zaxesandpitchedthroughan angle-of-
attackrange.Theogive-cylinderstorewasconstructedofaluminum
andwasmountedona six-componentstrain-gagebalancewitha sepsrate
supportstrutwhichwascantileveredfromthetunnelsidewallas shown
infigure1. Foreachofthestorepositionsshownonthegridof

+40, and~80,exceptfigure1,testsweremadewithstoreanglesofOo,-
whereitwasphysicallyimpossible.Testsweremadeforfourdifferent
chordwiselocationsby manuallyadjustingthelengthofthewing-fuselage
stingduringshutdownbetweenruns. Reference4 describesindetailthe
testtechniqueandgivesa discussionoftheproblemsencountered.The
variationofthestoreattitudeduetoaerodynamicdeflectionunder
loadissmall(aboutthessmeorderofmagnitudeasthevariationsshown
inref.1)andno correctionshavebeenappliedto thenominalstore
angles.In orderto insurea turbulentboundarylayerforalltests,

.
sinsandshellacwaslocated

rd lineandonthe
fusekge andstorenose1/2 inchfromthetip.

.
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ACCURACYOFDATA

An estimkeoftherelativeaccuracyin
determinedfroman inspectionofrepeattest
deflectionsisasfollows:

Wing-fiselage: .—
~,deg. . . . . . . . . . . . . . . . .

Store:
x,in. . . . . . . . . . . . . . . . . ..
z,ln” . “ . . “ . s s . . “ . “ . “ “ .
a~,deg . . . . . . . . . . . . . . . . .
c~~ . . . . . . . . . . . . . . . . . . .
CDS...................
%~ ””.”””””.”””””””””””

NACARML56125

thepresentdatawhichwas
pointsandstatic-calibration

.-—

. . . . . . . . . . to.10
——

. . . . . . . . . . ~o.05

. . . . . . . . . .“-”~().~o

. . . . . . . . . . to ●10

. . . . . . . . . . to. (3.2
to. 01. . . . . . . . . .

. . . . “*.:... “~().op

RESULTSANDDISCUSSION

Thelift,drag,andpitching-momentcoefficients.fortheisolated
storearepresentedinfigure2 forangles.ofattackupto ~“. These.
resultsareinexcellentagreementwiththeisolated-storedataof
reference1,whichwereobtainedusinga differentmoml andbalance.
Thebasicdataforthestoretestedinthepresenceofthe45°swept-
wing-fuselagecombinationareshowni,nfigures3 to 7. Storedrag
(fig.3),lift(fig.k), andpitching-moment_coefficients(fig.5)are
presentedplottedagainstthestoreverticallocationz forseveral
horizontallocationsx andforvariouscombinations”-ofangleofattack
ofthewing-fuselageconfigurationandstore.Thepitchingmoments
werecomputedaboutthenoseofthestoreandalldragdataareuncor-
rectedforbasepressure. —

Thedataoffigure6 showtheeffects.ofstorehorizontallocation
onstorelift,drag,andpitching-mrxnentcoSfficients_forthreestore
verticallocations.Thesefigureswereobtainedfromcrossplotsofthe
basicdataforequalanglesofattackonthewing-fuselage-storecombi-
nationandatequl storever$icalheights“(referencedtothefuselage
centerline)foreachhorizon&lloc&tion. —

Althoughthisstoreis somewhatlargeforlocationsunderthefuse-
lage,thedataforsmallverticalheightsgivean indicationofthemag-
nitudesandtrendsoftheinterferencesencounteredforfuselage-mounted
stores.Theeffectsofa supportpylonontheaerodynamiccharacteris-
ticsofthestorehavenotbeendetermined;however,w-ithproperdesign

—
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it’seemsimprobablethatitsinterferencewouldsignificantlyalter
theseresults.Thedataoffigure6 showthatlargevariationof store
lift,drag,andpitching-momentcoefficientsoccurswithchangesin
storehorizontallocation,storeangleofattack,andstorevertical
height,particularlyfor4°snd80angleofattack.Forallcoeffi-
cients,thevariationoftheinterferenceis ofconsiderablylessmag-
nitudeat a = 0°,andthecurvesforthe0° casesrequitedifferent
incharacterfromthecurvesat 4°and8°angleofattack.(See
fig.6(a).)h examinationoftheflowfieldina mnner similarto
thepressurefieldanalysisofreference1 indicatesthatthelowlift
anddragandthehighpitching”momentsshownat 4°and8°anglesof
attackforforwar~storepositionarea resultofthepresenceofthe
storeafterbodyina strongpositivepressureregionoriginatingfrom
thewing. Conversely,thehighforcesandnegativemomentsforthe

—

rearwardstorelocationsme a resultofthesaneregionof flowacting
.-

onthestorenose.At an angleofattackof0°,theintensityofthe
wingpressurefieldisconsiderablyless;consequently,interferenceof
thefuselagepressurefieldonthewingpressurefieldmorenearly
compensateseachotherresultingin curvesofa differentnaturewith
smallerchordwisevariations.

Whenthestoreverticalheighth’ wasincreasedfrom1.12to 3.08,
themagnitudesofstorelift,drag,andpitching-mmnentcoefficients
changedbut,ingeneral,showedchordwisevariationsofa similarnature
(figs.6(b)and6(c)).

SpanwiseContourPlots

Figures~ to 9 present spanwisecontourplots of store drag, lift,
andpitching-momentcoefficientswhichutilizestoredatafromthepresent
testsforthefull-spanbomberconfigurationandfromreferences1 and2
forthesemispanbomberconfiguration.Fortheseplots,thepointat
whichthevalueof storecoefficientisplottedisthestoremidpoint
andtheintersectionofthegridlinesrepresentsactualstoretestpoints.
Thestoreverticalheightscomparedforthetwodifferenttestsareref-
erencedfromthestoremidpointto thewingorfuselagesurface.”(See
sketchineachfigure.)Althoughthecontourfairingbetweentheunder-

(+ y (+’ 0.25).

wingstorelocations andthefusehge-center-linestore
locations

b2=
isstrictiyarbitrary,thefiguresareInteresting

insofaras showingtrendsandforco@aringthemagnitudesofthecoef-
ficientsforthetwodifferenttests.

The drag dataoffigure7(a)showthatmaximumstoredragoccurs
forinboardunderwingstorepositions.Figure7(b)showedthatincreas-
ingthestoreverticalheightto ~ = 1.24 causedthemaximumdragof
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thestoreto occurforstorelocationsalongthefuselagecenterline
nearthewingtrailingedge;however,themaximumdragcoefficientswere _
essentiallyindependentofspanwiselocations.Thedr~ forfuselage
storelocationsforwardandrearwardofthewingplanformtendsto

.

decreasetowardorbelowtheisolatedstoredraginthesamefashion
as shownforunderwinglocations.Thecontourplotsoffigures8 and9
showthatthemaximumstoreliftandpitching+nomentcoefficientsfor
storeslocatedbelowthefuselagecenterlineatbothverticalheights
areconsiderablysmallerthanthemaximumcoefficientsobtainedfor
underwingstorelocations.Alsoaswasnotedforstore&ragcoefficients,
theliftandpitching-momentcoefficientstendtodecreasetowardor
belowtheisolatedstorevaluesforstorelocationsbelowthefuselage
centerlineforwardandrearwardofthewingplsmform.Hence,the
underfuselagecontourdatashowtrendssimilartothosepreviouslyshown
forunderwingstorelocations,andthusindicatethatthewingisa
largefactorintheproductionsoftheinterferencesonthestorefor
storelocationsbelowthefuselagecenterline.However,themaximum
interferencevaluesofliftandpitchfortheunderfuseb.gestoreloca-
tionsaresmallerand
thestoreisactually

L
Verticalcontour

fartherrearward,evidentlyduetothefactthat r
a considerablygreaterdistancefromthewing. -.

.
VerticalContour’Plots

plotsf~rstoredrag,lift,andpitchingmoments
arepresentedinfigures10to I-2forthewing-fuselageangleofattack
of40withvariousstoreanglesofattackuptot8°. Similarplotsfor
anyoftheanglestestedcanbemadefromthebasicdata(figs.3 to5).
Forthesefiguresalso,thepointatwhichthevalueofthestorecoef-
ficientisplottedisthestoremidpoint.As shownir.thefigures,z
istheverticaldistancebetweenthefuselagecenterlineat station22
andthestoremidpoint.

Ingeneral,thecontourplotsshowrapidvariationsofthestore
forcesandmomentswith x and z. Datainthisformmaybe used
directlyindeterminingthestore-releasecharacteristicsby calculating
thedro~path
trajectoryof
wiseprocess.

.

as outli~edinreference4. By
thestorefollowingreleasemay

usingthismethod,the -
be calculatedby a step-

CONCLUDINGREMARKS

Forcesandmomentshavebeenmeasuredat
.

a Machnmnberof1..61on
a storeinthepresenceof a 45° swept-wing-fuselagebomberconfigura-
tion for a numberof store locations belowthe fuselage center line. .
Results of the investigations showthat large variations of store lift,

commmm —
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dr&g,andpitching-momentcoefficientsoccurwithchangesinstoreor
airplaneangleofattackandw“ithchangesin storeverticalandhori-
zontallocations.Thevariationofthestoreforcesandmomentswith
respecttothechordwiselocationofthewingplanformindicatesthat
thewingisa h,rgefactorintroducingtheinterferenceloadsonthe
store.Comparisonofdataforunderfuseh.geandunderwingstoreloca-
tionsatan angleofattackof0° showed~imum draginterferencesof
similarmagnitudes,butshowedconsiderablysmallermaximuminterference
on storeliftandpitchingmomentsforunderfuselagestorelocations.”

LangleyaeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,September4, 1956.

Cmmlmm
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Figure 2.-Aerodynamiccharacteristicsoftheisolatedstore.
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(a) ~ = 4°; ~ = OO.

Figure 10.- Vez-ticalcontourplot of stare drag
of wing-fuselagecombination. (W- section

coefficientin presence
shown at fuselage surface.)
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(b) ~ = 4°; q = 4°.

Figure 10.- Contlnmxi.
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(d) ~ = 4“; ~ = -4°.

Figure 10.- Contfnued.
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of store lift coefficient3.npresence
(Wingsection shown at Welage surface.)
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(b) ~ = 4°; ~ =’4°.

Figure Il. - Continued.
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Figure IL.- Continued.
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(d) w = 4°; ~ = .4°.

Figure 1-1.- continued.
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Figure Ii.- Concluded.
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(a) U@ = 4“; ~ = 00.

Figure E?.- Vertical contourplot of store pitching-nmmentcoefficient
in presence of wing-fuselageconibination.(Wing section shmn at
fuaekge surface.)
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Figure 12.- Cmthl’llea.
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(C) w = 4°; ~ = 8°.

Figure E!.- Conttiued.
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(d) ~ = 4°; w = -4°.

figure K.- continued.
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(e) ~ = 4°; q = -8°.

Figure U.- Concluded. I
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