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mmm tiTIGATIONS ATm13-suBsoNIc,mmormc, AND

mPERsoNIcSPEED3To~ ZWRO-LITTIIRAGOFFIN-

STABILIZEOBODIESOFREVOL~IONHAVZNGFIXENBS

IUU’IOSOFL2.5,8.91, MU)6.04 JUWVARYING

POSJ3TONSOFMAXIMUMDIAMETER

RogerG.HartsmdEllisR. Khtz

SUMMARY

Rocket-poweredmodelswereflownat high-subsonic,transonlc,and
supersonicspeedstodetermine’thezero-liftdragoffin-stabilized
parabollcbodiesofrevolutionclifferinginfinenessratioandin
positionofmaxhmmdismeter.Thepresentpaperpresentstheresults
forfinenessratiou.5, 8.91and6.o4bodieshavingmaxtiumdiameters
locatedat stationsof20,40,60,and80percentofbodylength.All
configurationshadcut-offsternsandalJhadequalbase,frontal,and
exposedfinexeas.

Formostof thesupersonic-speedrangemodelshav~ their
msxhu.uudismetersat the60-percentstationgavethelowestvaluesof
dragcoefficient.At supersonicsyeeds,increasingthefinenessratio
generallyreducedthedragcoefficientfora givenpositionofmaxtium
diameter.

INTRODUCTION

In orderto investigatethephenomenaof thefuselage-&ragrise
associatedwithtransonicandsupersonics~eeds,theNACAIsconducthg
a seriesofflighttestsonlodiesofrevolutiondifferinginfineness
ratiosmdh positionofmsxi.rmmdiameter.Thebodyprofileshavebeen
chosensoas torepresentthepracticalrsmgeof shayesof traneonic
andsupersonicaircraft.Thetestsareconductedat theLangley
PilotlessAircraftResearchStation,WallopsIsland,Va.bymeansof
rocket-propelledmodels.Thefirstpartof thetivestigationis
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~resentedinreference1 wherea COlllpariSOILwas made of ex~erimental
andtheoreticaldragvaluesforfin-stabilizedparabolicbodiesof
revolutionwithfinenessratio6.o4havbgmaximum-diameterstations
at20,40,and60yercentofthelodylength.Thepreseritpaperis
a Presen*tionof~a$ dataobtainedforcomparablelodie-soffineness
ratio12.~and8.91havhgmaxjnmm-diameter,stationsat 20,40,60,

.

and~ percentof thebodylength. — .-..

In orderto summarizetheresultsobtained.todate,theresults
ofreference1 areincluded,togetherwithamadditionalCotiiguration
havingftienessratio6.o4 andmaxhnn-d.ianeter stationat 80percent.
l?helackofpressureandfindragdatafortheconfigurationsofthese
testsprecludesa comprehensiveanalysisof thepresentr.esul.ts.However,
an investigationisbe- undertakento isolat%theeffectof theffns ““-
andtodetezminesurfaceandbasepressure~forsomeof%e present
configurations. -. —m. :.

a,b

F.R.

L

D

K

2

M

R

d

x

SYMBOLS . . .

body-shapeparametersb equations(1)and (2),3nches-1

total-dragcoefficientbasedonbo@ frontalarea.. —-

finenessratio(L/D)

lengthofbody,@ches

nmxinnxndlemeterofbody,7.5 inches

positionofmaximumdlsmeter(2/L)

stationatmaxtiumdiameter,@hea . .

Reynolds,numberbasedonlmdylength

%odydiameterat stationx, inches

variabledistancealong%odyaxisfromnose,inches

.—. — —m-=mm?a

.-.

.-—.-
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Thegeneralarrangementof thetestconfigurationsisshownin
figures1,2,and3 endphotographsof thetestvehiclesareshownin
figures4, ~,- 6. Theprofilesof thebodiesdescribeparabolicarcs,
theequationsofwhichareas foUows

0< X.<’KL d =D - 2a(~ - X)2 (1)

KL<x<L d=D - 2b(KL- X)2 (2)

Thelody-shapeparameters,a and b, havethevaluesgivenbelow

Configuration

1
2

:
5
6
7
8
ag
alo
all
I-2

Finenessratio

12.5
I-2.5
12.5
12.5
8.91
8.91
8.91
8.91
6.04

= 6.04
6.04
6.04

K

0.20

::
.&)

:E
.60
.80
.20
.40
.60
●W

a

0.010673
.002668
.00W36
.000667
.021004
.005251
.002334
.001313
.04564
.OSL41
.00507
.00285

b

0.000375
.000667
.001501
.006006
.000739
.001313
.002954
.0U818
.00161
.00285
,00642
.02563

aConfigurationtakenfromreference1.

Forallmodelsthefrontalarea(f12/4)was0.307sqwe foot.the
baseareawas0.05% squexefoot,and‘the”eased finar~ was1.69square
feet. Thelengthsof thebodieswere’93.72Inches.forfinenessratio12.5,
66.81inchesforfinenessratio8.91,and45.32tithesforfineness
ratio6.04. A closeexamima%ionof thetestbodyshaleswill.revealthat
someof theconfigurationshadalmostidenticalnosesandthatother
.configurationshadalmostidenticalafterbodies.

Alltestbodieswereofwoodfinishedwithclearlacquertoforma
smoothandfairsurface.
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Allmodelswerestabilizedhy three47°~weptbackf~s of’I-.69gquqre
feettotalexposedarea. Theduralfinsvere.of0.0278thicknessratio --
inthestreamwise direction ad. so located that the trailing edge ofthe
finsalwaysintersected the body at the 90.53 -yercentstation.Allfins
measured9 inchesinthestreamwisedireczion.. -.

A two-stagepropulsionsystemwasemyloyedutfliz~ a 3.2~-inchMk.7
aircraft-rocketmotoras thesustainerunttanda ~-inchEVARmotoras ‘“
theboosterunit. Theboosterunitwas13tehilizedbyfourfinsandwas .
attachedto thesustainermotorbymeansofa nozzle-ylugadapter.

Testdatawereobtainedandreducedby thesamemethodsdescribed.
k references1 and2. Dragcoefficientshavebeenbasedonbodyfrontal -- --
sxea(O.307squarefoot)sndrepresentthototaldragoftheconfigurations
ticludingfinandinterfermcedrag. .

.—

Theflighttestsofthethreeftieness- tiogroups
ofbody-lengthReynoldsnumbersfrom T2OX1O to 85X
theReynoldsnumberencounteredinflight,basedontidy
plottedagainstl!&chnumber.

RIHJIKSANDDINUSSION

Infigures8, 9, and10areshownthetidividual
coefficientbasedonfrentalareaagainstMachnumber

co ered.a range
z10 . b figure

len@h,is

—

cumesofdrag
fir‘thepresent

testconfi~tions. Pastexperience@t& th~DopplerJechniqueof
drag-datareductionhastidlcatedthat.theQerwt systtitic”etiors -

7 “

—

. . . .

w“2“

me lessthanrandomdiscrepanciesbetweem.theoretical.l.yidenticalmodels.
Therefore,it Isbelievedthattheamountof scatterinthedqtafor
modelsof thesameconfigurationis tidicativeof thereliabilitythat
may’beplacedupontheresults.Forthepurposesofcomparisonthe
dataoffigures8,9,snd.10,alongwiththefinenessz%tio6,Okdata
ofreference1,aregroupedh figureU.accord@gtofinenessratioand.
infigure32accordingtopositionofmaximum.diameter.

,...

FigureU shows.thatforthefinenessratiostestedthe20-and@-
percentlocationsofmeximumdiametergavecofisid&abljhigher“v~u6sof
~ at supersbnicspeedsthandid.themorecentral.locations.In every
case,the20-percentlocationwasbyf= theleastdesirableposition —..-
tested,whilethe60-percentlocationwasthe‘mostdes@able.At
supersonicspeeds,theeffectofvaryingthe~ositionofmaxtium
diameterbecomesmoremarkedwithdecreasingfinenessratio.At subsonic
speeds,decreasingthefinenessratiodecr~80stieeffectofva~@
thepositionofmaximumdiameter.

-.

,

.....-.
.3. .WsF5%!nlk

.

—.-.
i .. -— .- -. —
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In spiteof irregularitiesinthesu%sonicdataforthefineness
~tio I_2.5- 8.91grOUYS,itmaybe olservedthattheoptimumlocation
ofm%zhm.zmdiametermaybeUf’ferentfromthatat supersonicspeeds.The
bestexampleof thisliesinthe12.5finenessratiogroupwherethe
presentdataindicatedthatthemodelhavingitsmaximumdiameterat the
60-percentstationhadtheleastdragat supersonicspeedsbutthe
greatestdragat subsonicspeeds.

Figure12 showsthatat supersonicspeedsthevalueof ~ increases
withdecr=sz finenessratiobuttoan extentgoverned.by theposition
ofmaximumdiameter.Finenessratiohasitslargesteffectat the
20-percentstation.At ~- and60-yercentstations,theeffectof
finenessratiois smallerthanat 20 or 80percent.Dataforallmaximum-
diameters=tions~cate thatthefinenessratioU2.5grou~gavethe
lowestv~ue of CD at supersonicspeedsandthehighestat subsonic
speeds.

Foreachfinenessratiotheforce-breakMachnumberwaslowestfor
the20-percentmxtmum+iameterlocation.Forallthemaximum-diameter”
locationstestedtheforce-breakMachnumberticreasedwithticreasing
finenessratio.

Infigure13 thevalueofdragcoefficientatMachnumbersof1.20,
1.11.o,and1.55areplottedagainstthelocationofmaxtiumdiameter,K,
foreachof thethreefinenessratios.Thisfigureshowsthatforthe
threeMachnumbersandforallftienessratios,the60-percentstation
isnearthepositionfor~um dragcoefficient.

CONCLUSIONS

Flighttestsweremadetodeterminethezero-liftdragoffti-
stabilizedparabolicbodiesofrevolutiondifferhginfinenessratio
inpositionofmsximumdismeter.Thefollowingeffectswerenoted:

1.At supersonicspeeds,the@-percentlocationofmaximum
dismeterresultedh thel=st dragforallpositionstested.

2.At supersonicspeeds,positionofmaxtiumdiameterhasits
~eatesteffectondragforbodiesof lowfinenessratio.

3.Fora givenpositionofmaximumdiameter,thebodiesof 12.5
finenessratiohadtheleastdragat supersonicspeedsbutthegreatest
dragat subsonicspeeds.

.
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4.Forallofthemaximum-diameterlocationstested,theforce-break
Machnumberincreaseswithincreasingfineness:ratio.

LangleyAeronauticalLaboratory
NationalAdvisoryConmitteeforAeronautics

MngleyAirForceBase,Va.
.

.-

RETERENCES
-— —

—

1.Katz,EllisR.: FlightInvestigationatHi@I*ubsofic,~a~onicj =d , ,__=.
SupersonicSp@.s toDetermineZero-LiftDragofBodie6of
RevolutionHavingFinenessRatioof 6.01Tati”Vary-lngPositiotiof

-.-.

MaximumDiameter.NACARML9F02,1949. .

2. Katz, EllisR..:ResultsofFlightTestsatSupersonicSpeedsto
DeterminetheIMfectofBodyNoseFinenessRatioonBodyandWing
Drag.NACARML7%19,1947.

..
.

.

.

.

t

.

-.
.



.

.

.

.

/AJ7 /f%’d/z/3

/AY+ &Yzz-x3

Zz A“zx=A=Y-
A-=o.6?0

/Y ---

Figure1.-Generalviewof

=u.d-v

fineness-ratio-12.50 configurations.



NACARM L9130
—

Z..Z+D)f&e72w 3.&4D+%&&
/-(”4?2’0

—

—

----- —-

,.—

Z3-Z7.AX5Z2%” *
/4’=0.-5@

—

.

.

E_ _ ‘il%?? I il~i‘A —. .—.

n-zo.a&?2?z2Y’
A-=0.60

—

—

.

Figure2.- General.viewof fineness-ratio-8.91configurations. .—.—
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,



. ..-

k’-’-‘.= =-=--..---------=43*... -—:=

.-

.

---
.

.-

—

.—. s

.
,-, —

.

--—
,

._

‘-
—

—



-
-
-
-
-
-
-
-
-
-
-
-
-

--
-
-
-
-
-
~
-
-
-
-
-

NACA RM
 L

9I30 
1

1
 

(J
'. 

o r
l 

C'\I 
'-0

 
I 

H
 . 

...::t 



. . .-—

-. .

.-

.-

.

.

.

.

. . . . .

.—

.

.

.. . .



NACA RM L
9I30 

13 
i 



.

.

-.

—

.

. . 1-—..
. .

. .

.

—

. ..

1,



NA
CA

 RM
 L

9I30 
15 

,~ 
u 

.--I 
4 

{
\J 

z 
'-D

 I 
H

 

~
 

CD 
r
l 

~
 ~ 

FlEJi 
..::t-
O

 . 
\0

 I 
0 
-rl 

I 
.p

 
al 
H

 I CD 
CD 
ClI 
s:l 
ClI 
s:l 
-rl 
f%.; 

\0
 

ClI 

~ -rl 
f%.; 



,

—

.

.

—
,

—

-. . .—

.....—

—



* . ● ✌ ●

.-.,-

60 .
/

/ ~

●7 .8 .9

1“0 &&lBb 1“ “ ‘5 “
M

Figure i’.- Reynolds numbersbased on body le@h againstMach number for the fineness-ratio
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(a)Maximum diameter tion. Results shown for two models.

Figure 8.-Drag coefficient CD agahat Mach nuniber M for fineness-ratio-12.5models.
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(c) Madmomdlaraeterat Results shown for two models.

Figure 8.- Continued.
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(a) Maximum diameter at 20-percent station. Results shown for one model.

Figure 9.-Drag coefficient Q ‘er M for fineness-ratio-8.91models.
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(b) Mach number = l.kO.
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