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SUMMARY

Thezero-liftdragofa 600delta-wing-bodycodxtnation(designated
AGARDmodel2)hasbeendeterminedby free-flighttestsoftwomodels
betweenMachnunibersof 0.8W 1.7. TheseWch nmiberscorrespondto
Reynoldsnunibers,basedonbodylength,of4 x 106andU?x 106,respec-
tively.An estbateofthedragoftheconfigurationwasmadeby
sumingtheestimates
mentbetweenmeasured

h recentyears,

ofthedragofthevariouscomponents.T& agree-
andestimteddragisgod.

INTRODUCTION

_ superswcwindtunnelsandfree-flightfacili-
tieshavebeendeveloped.Testresultsfromthesefacilitiesinsome
caseshaveshownslack ofagreementtoolargetobe ignored.Consequently,
interesthasbeenexpressedintesting,forthepurposesof correlation,
severalconfigurationsinasmanysupersonicfacilitiesaspractical.Such
a testprogramshouldcontributeto theundersta@ngofpreviouslyobtained
differingresultsandmayleadtotheelhinationof suchdiscrepanciesin
thefuture.DuringtheDecember1952RomemeetingoftheAdvisoryGroup
forAeronauticalResearchandDevelopment(AGARD)oftheNorthAtlantic
TreatyOrganization,itwasdecidedto encouragesucha programoftests
in supersonicfacilities.Thefirstconfigurationselectedfortesting
(AGARDmodel1)wasa slenderbodyofrevolution(NACARM-10research
model). Thezero-liftdragofthisconfigurationobtainedinflightand
by severalNACAwindtumnelsispresentedinreference1. Thesecondcon-
figuration(designatedAGARDmciiel2)wasselectedprimarilyforthecorre-
lationofdataunderlfltingconditions.

TheLangleylaboratoryhasundertakena programtoprovidefree-flight
dataonAGARDmodel2 atnonliftimgandliftingconditionsatMachnumbers
Upto 2. Thepresentpaperpresentstheinitialresultsofthepro~em,
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2 NACATN 3081

namely,thezero-liftdragofthemcdelbetweenMachnumbersof1.7
and0.8~correspondqtoReynoldsnumbers,basedonbodylength,of
12x lC$and4x 16, respectively.Thetests
LangleyPilotlessAircraftResearchStationat
a heliumgunwasutilizedforpropulsion.

sYlfOOIS

wereconductedatthe
WallopsIsland,Vs.,and

cl)
r)r~

dragcoefficient,
Dynamicpressuretimestotal.wingarea

% nosepressurecoefficient

E meanaerodynamicchordofexposedwing

D maximumbodydiameter

M Machnumiber

R Reynoldsnumber

r bodyradiusat stationx

r- nmdmumbodyradius

x bodystationmeasuredfromnosepoint

MODELS

A plan-formsketchofAGARDmdel 2 isshowninfigw?e1. This
mcdelis10.625titheslongandhasa finenessratioof 8.5. II!&body
ofthemmlelconsistsofa fineness-ratio-3nosefollowedby a cylin-
dricalsectionwitha finenessratioof5.5. Theliftingsurfaceisa
600deltawingwhichhasa circular-arcsectionwitha thicknessratio
of 0.04basedonthestresmmisechord.Thenoseshapeofthemodelis
definedby thefollowingequation:

r=;[-;br+;(jj
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whichisobtainedfromthemoregeneralequationofreference2 whena
fineness-ratio-3noseis considered.Ordinates,obtainedfromthis

, equation,fromwhichthemcdelnosewasconstructedarepresentedin
tableI.

Thetwomodels(designatedmcxlelsA andB) flight-testedinthe
presentinvestigationhad,inaddition,smallverticalfinswhichwere
necesseryforlateralstabilizationinflight.ThefinswerehaE-scale
exposedwingsandareshownonthebodyinfigurel(b). Themodelshad
solidsteelnosesandsteeltubingforthecylindricalsectionofthe
body. Thebrasswingsandfinsweresilver-solderedto thetubing.The
baseofmodelA wascompletelyopen,whereasmodelB hada nozzlewith
a sustainerrocketmotor.Detailsofthetiternalconstructionareshown
infigure1.

‘ITSTS

Thetwomodelswerecatapultedframthehelimngun. Theheliw gun
makesuseoftherapidreleaseof compressedheliumtoacceleratemodels
to a Machnumberofabout1.2. McdelB wasequippedwitha sustainer
rocketmotor,whichwas.ignitedsoonafterthemodelleftthegunemd
furtheracceleratedthemodelto a maximumMachnrmhr of1.74.

Duringthecoastingperid thatfollowedtheattainmentofpeak
Machnuuiber,theCWDopplervelocimeterrecordedthevaryhgvelocity
ofthemcdel.Fromthisvelocity-therecordandappropriateatmospheric
dataobtainedby meansof a radiosonde,a flightpathandthedecelera-
tionofthemodelwerecalculated.Thisinformationh turnwasreduced
toMachnumibersenddragcoefficientsbasedontotalwingarea.

Errorsinthedatameyarisefromlimitationsoftheradarset,
methcdsofdatareduction,smallphysicaldifferencesinthemodels,
andthedifficultyinascertainingtheabsoluteweightofmodelB
becauseofthepossibilityofunburnedrocketparticlesremainingafter
rocketburnout.Whenthesesourcesoferrorareconsidered,thedrag
coefficientsandMachnumbersarebelievedtobe accuratetowithin
kO.001and~.~~, respectively.ThevariationofReynoldsnmhr with
Machntier forthesetestsispresentedinfigure2.

RESULTSANDDISCUSSION

ThevariationofdragcoefficientwithMachnumberforthemodels
ispresentedinfigure3. Theagreementofthetestresultsforthe
twomodelsisseentobe goal,thesmalldifferencesshownbeingwithin
theusualaccuracyofthedatafromsuchtests.

.
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Anestimateofthetotal
andispresentedinfigure4.

NACA~ 3081

dragoftheconfigurationhasbeenmade
Thisestimatewasobtainedby thesunma-

tionoftheestimatesofthevariousdragcomponentswhichweredeter-
minedfromavailabletheoreticalandexperimentaldata. Theestimates
ofthesecomponentsareabo givenh figure4 anda discussionofthese
valuesfollows.

TheworkofVanDriest(ref.3)hasbeenusedto estim,tethefric-
tiondragoverthewingsandbody. A turbulentboundarylayeris
assumed,althoughthepossibilityof a certainamountoflaadnarflow
isrealized.Thesubsoniclevelofthedragleadstothebeliefthat
theamountof laminsrflowwassmall.Totalbodylengthwasusedin cal-
culatingtheReynoldsnuniberwhenestimatingthefrictiondragon the
bodyandthemeanaerodynamicchordwasusedin calculatingtheReynolds
numberwhenestimatingthefrictiondragonthewings.

Theestimatedpressuredragofthewingsandfinswascalculated
by themethd.ofreference4. Thesecalculatedvaluesarebelievedto
be somewhathigherthantheactualwingandfindragcontribution.

Thebasedragofthemcdelwasestimatedfrominformationreported
b reference5. Compiledthereinarebase-pressuremeasurementsobtained
inwindtumnelsandfreeflightforfinless,cone-cylinderbodiesof
finenessratios5 and6 overan extensiveMachnumberrange.Inaddition,
datawe presentedat a Wch ntier of 1.5forseveralfinenessratios
from5to 9. In orderto obtainthepresentestimate,thedataforthe
bcdieswithfinenessratiosof 5 and6 werefairedbetweenMachnum-
bers1.2and1.75. Thecurvethusobtainedwasthenreducedby a con-
stantamountfortheeffectoffinenessratioas indicatedby thedata
ofreference5 whichshowthevsriationofbasedragwithfinenessratio
at a Machnuaberof1.5. No allowancewasmadefortheeffectofwings
orfhs onbasepressure.Thewingssrebelievedtobe farenoughfor-
wsrdtohavea negligibleeffect.Thefins,althoughina positionto
havean effect,aresosmallthata largeeffectisunlikely.

Second-ordertheoryaspresentedinreference6 wasusedtopredict
thenosepressuredrag. TheCalcuhtedpressurecoefficientsforMach
numbers1.3,1.7,sad2.0arepresentedintableII. Thecoefficients
wereintegratedoverthenoseto obtainthedragfromMachnumber1.3
to 1.7. Thiscurvewasthenextrapolatedtothe “mmimumMachnumber
(1.18)forshockattachmentto a conetheapexangleofwhichisthe
same

with
ence

as that ofthemcdel.

As canbe seenh figure4,thesa ofthe
themeasureddrag. No allowance,however,
effectsamongthecomponents.

estimatesagreesweld
wasmadeforinterfer-



“

MACA~ 3081

CONCLUDINGREMARKS

Thezero-liftdragofa 600d~lta-wing-bodycombination(designated
AGARDmodel2)hasbeen.determimdby free-flighttestsoftwomodels
betweenMachnudersof 0.8aud1.7. Theresultsofthetwotestsagree
weq withoneanotherandinturnagreewellwithan estimateofthedrag
oftheconfiguration.Thisesthatewasmadefromavailabletheoretical
andexperimentaldata.

LangleyAeronatiicalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,January18,1954.
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Noseordinates

x, h. r, in.

o 0
.188 .063
.375 .12k
.563 .184
.750 .241
.938 .296
1.125 .343
1.313 .394
1.500 .436
1.688 .475
I.875 .508
2.c63

●537
2.250 .561
2.438 .5m
2.625 .599
2.813 .608
3.om .616
3.188 .621
3.375 .623
3.563 .6’4
3.750 .625

.
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‘I!ABLEII.- CALCULATEDPIWSURECOEFFICIENTSFOR

SEVERALMACHNUMBERS

x
%‘Inax

Machnuniber,1.3

0

.3000

.4o38

.5430

.7296

.9785

1.3098

1.7460

2.3@

3.oog6

3.8550

4.8156

5.8392

6.omo

o.40&

.4020

.39P

.38’75

.3727

.3467

.3052

.2414

.1*1

.o~7

-.0464

-.1072

-.1063

-.1CX39

x
‘?nax %

Machnuder,1.7

0

.3CX)0

.4176

.5E!08

● &)70

1.11.go

1.5450

2.1174

2.8544

3.7950

4.8786

6.0000

q

.3299

.3269

.3177

.3036

.2775

.23ti

.1695

.0$40

-.0046

-.0647

-.0681

x
‘Inax CP

Machnunber,2.0

0

.3003

.5160

.8856

1.5120

2.5428

4.1184

6.mo

0.3146

.3092

.3029

.2791

.2272

.1215

-.0197

-.0517
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(a) Plan view, rmdel A.
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(b) Side view, nrdel B.

Figure l.- Sketch of AG%RD tiel 2 afitested in free flight. Dotted l.inea
indicate internal construction of rmiels. AU. dlm3naionE
uoless otherwise noted.
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Figure 2.- Test Reynolds numibers.
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Figwe 3.- Drag coefficients of mdels A and B based on total wing area.
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Figure 4.. Estimte of the drag of the confirmation.


