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SUMMARY

PRESSURE

NOSE

.* Thehypersonicsimilarityrulehasbeenusedto correlatepressure
distr;bu~ionsandwavedragsforminimum-dragnoseshapesderivedby
vonKarmanandNewton.Thepressuredistributionsandwavedragshave.
beencomputedbyVanDyke*ssecond-ordertheoryforvariousMachnumber
andfinenessratiocombinationsresultinginvaluesof thesimilarity
parsmeter(Machnumberdividedby finenessratio)jbetween0.4and1.0.
Thecomputedresults,presentedas a functionofthesimilarityparameter,
havebeenconfirmedby comparisonwithavailableexperimentaldata.From
analysisoftheresults,simpleexpressionsforpressuredistributionsmd
wavedragintermsof thehypersonicsimilarityparameterhavebeen
developed.

Wave-dragresultsforboththeK&r&n andNewtonianshapessrecom-
paredwitheachotherandwithresultsforconesmd circular-arctangent
ogive~.,TheNewtonismshapeshaveabout10percentlesswavedragthan
theKarmsmshapesforvaluesof thesimilarityparsmeterofabout0.8.
Theyalsohave20 to25 percentlesswavehag thantangentogivesand
15 to20 percentlesswavedragthancones.

INTRODUCTION

Thehypersonicsimilarityrule,derivedbyTsien(ref.1)smdHayes
(ref.2) providestheaerodynamicistwitha practicaltoolwhichgreatly
reducestheworknecessarytodeterminetheaerodynamicpropertiesof

4 relatedbodiesofrevolutionat supersonicMachnumbersandzeroincidence.
Accordingto thisrule,thehypersmicflowpatternsaboutslender,
pointed,affinelyrelatedbodiesaresimilar,providedthevaluesof the

v similarityparsmeterK (Machnumberdividedby finenessratio)areequal.
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Althoughthestatementoftherulewouldindicatethatitsapplicability
mightbe limitedtohighsupersonicMachnumbersendveryslenderbodies, a

recentstudies(refs.3 and4)haveshowntheruletobevalidforcor-
relatingpressuredistributionsandwavedragsforconesandtangent k ‘“
ogives,evenforMachnumbersaslowas approximately1.5 andfinenesp
ratiosas smallas2. Accordingtoreferences~ and6, thisrulehas
beenshowntobeapplicableevenforc~rrehtingwavedragsof slightly
bluntbodies.

Withtheassumption,therefore,thatthehypersonicsimilarityrule ~
isa validtoolforcorrelatingresults,an investigationwasundertaken
to study thepressure-distributionandwave-dragcharacteristicsof two
minimum-dragnoseshapes,onederivedbyvonK&m&n (ref.7)andtheother
byNewton(refs.8 and9). Theseshapesareof interestsincebothwere
theoreticallyoptimizedforminimumdragfortheconditionsofgiven
lengthanddiameter,andyettheirprofilesdifferappreciablydueto the
diverseassumptionsandpressure-velocityrelationshipsemployedIntheir
derivations.Dueto theuseof slender-bodytheoryinthederivationof
theK&m& shape,onemightexpecttheshapetohaveminimumdragonly a

forhighfinenessratiosandlowsupersonicMachnumbers(orlowvalues
of K). In contrast,theNewtonianshapederivedbyuseofNewtonlslaw A-
ofresistancemightbe expectedto exhibitlessdragthantheK&m& —
shapeonly at highsupersonicMachnumbers(orhighvaluesof K).

—
Since,

by thehypersonicsimilarityrule,Machnumberandfinenessratiocambe
combinedintoa singleparameter,thewavedragsof theseshapesmaybe
convenientlycomparedona plotshowingthevariationofthewave-drag
functionwiththesimilarityparameter.Sucha plotforcomparingthe
wavedragoftheseshapeswasmadefora previousinvestigation(ref.~)
buthasbeenextendedandmorecompletelyanalyzedforthtsinvestigation.
Wave-dragcomparisonshavebeenmadeovera similarity-parameterrange
offromabout0.4to1.0. Sinceonlya smallamountofexperimentaldata
existsfortheK&rmdnandNewtoniamshapes,pressure-distributionand
wave-dragvaluesforthisstudywerecomputedusingsecond-ordertheory
(ref.10).

Inthecourseof studyingthepressure-distributionsadwave-drag
curves~itwasfoundthatsimpleequationsforpressuredistributionand
wavedragintermsofthesimilarityparametercouldbewrittenforeach
shape,thusenablingrapidcalculationofthesecharacteristicsformemy
practicalcombinationsofMachnumberandfinenessratio,Thepurpose
of thisreport,inadditiontopresentingendcomparingpressure-
distributionandwave-dragcharacteristicsfortheK&rm&nandNewtonian
noseshapes,istopresentthesesimpleequationsandshowthemanner
inwhichtheyweredetermined.
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SYM30LS

3

d

K

1

Z/d

&

m

n

P

Po

r
a

rb

baseareaofnoseshape

pressure-ratiointerceptsat x/}= $ fromthepressure-ratio

curvesfortheK&m& shapes,
(+Po x/2= L

pressure-coefficientinterceptsat x/Z= 1 fromthepressure-

()P-POcoefficientcurvesfortheNewtonianshapes} T x/1= 1

wave-dragcoefficient,wavedragGA

basediameter

similarityparsmeter,
%

noselength

nosefinenessratio

free-stresmMachnumber

slopepressure-ratiocurvesfortheK&n& shapes>
d loglo(p/Po)
d lo~o(x/2)

slopeofpressure-coefficientcmves fortheNewtonianshapes>
d loglo[(p- Po)/Po1

d lw=obdz)

localstaticpressure

free-streamstaticpressure

free-streamdynamicpressure

localradius

baseradius

longitudinalcoordinatemeasuredfromvertex
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xc longitudinaldist+mcefromvertexofbasicnoseprofileto
pointoftangencyofassumedconicaltipwithbasicnose
profile

conehalfangle

ratioof specificheatsof air,takenas l.~

SCOPEANDPROCEDURE

Profiles

Nondimensionalplotsof theprofilesoftheK&n&, thetrueNewtonian,
andanapproximatedNewtonianminimum-dragnoseshapearecomparedin
figure1. Althoughthereis considerabledifferencebetweentheK&n&
andthetrueNewtonianshape,thereisverylittledifferencebetweenthe
trueNewtonianandtheapproximatedNewtoni~,or 3/k-powershape,which
hasbeenusedin’previousstudies(refs.5,6, 9, and11). Sincethe
definingequationfortheapproximatedshapeoffersgreatsimplification
inthecalculation ofpressuredistributionsndwavedrag,ithasbeen
usedinpreferencetotheunwieldlytrueNewtonianexpression (givenin
refs.8 and9). Theprofileequationsusedforthisinvestigation,in
thenotationofthepresentreport,me as follows:

FortheK&m&n shapes,

‘=3=

where

FortheNewtonianshapes,
3/4

()

x
r= rb i

TheoreticalPressure-Distributionsmd

VanDykerssecond-ordertheory(ref.
suredistributionsandwavedragsforthe

Wave-DragCalculations

(1)

(2)

10)wasusedto calculatepres-
noseshapesconsidered.For

a

—

/%

—

,.

—



NACARM A53F12 c

similarityparametersbetween0.4and1.0,calculationsweremadefor
theMachnumbersndfinenessratiocombinationslistedinthefollowing
tables:~

K

0.429
●m

:%
.6(K)
.667
.7X
.857
.857
.922

K$rm& shapes

%

3
1.5
1.5
3
3
2
2.25
:*57

6.45

xc/z

0.024
.024
.048
.024
.048
.024
.024
.048
.048
.048

I Newtonismshapes

K

0.429
.500
.500
.500
.500
.600
.667
● 7X
.857

1.000
1.000

MO I 2/d I xc/2

3 0.038
1.5 : .019
1.5 .038
1.5 : .076
4.5 9 .038
3 5 .038
2 .038
5.25 ? .038
6 .038

; .038
: 7 .038

Theprocedurefollowedinthecalculationswasthatgiveninrefer-
ence10,whereintheapproximateboundaryconditionsat thebodysurface
areusedinthecalcula~ionofthepert~bationvelocities,and-theexact
pressurerelationshipisusedto evaluatethepressurecoefficients.The
theoryisstrictlyapplicableonlyforsharp-nosedbodiesofrevolution
intheMachnumberrangeboundedby theMachnumberforshock-wavedetach-
mentandtheMachnumberatwhichtheMachconeistangentto thenose
vertex.=As boththeK&m&n andNewtonianshapeshavemathematically
infiniteslopesattheirvertices(yetformostpracticalpurposesare
sharp),a smallconicaltiptangentto thetrueprofileofeachnosemust
beassumedto enableuseof thetheory.To testtheeffectofthis
a~s~edtipmodification,pressuredistributionswerecalculatedfor
KarmanandNewtonianshapeswithprogressivelyshorterconicaltips. The
results,showninfigure2, indicatethattheassumptionoftheseconical
tipshaslittle,ifany,effectonthemajorportionsofthepressure
distributions.However,tominimizeemyeffectofnosetipmodification
onpressuredistribution,thepointof tangencyof theconicaltipwith
thetruecontour(xc/Z)wasalwaystakenat lessthan5 percentofthe
bodylength.Ifdesired,thepressurecoefficientswhichwouldexist
at thevertices(x/l= O) ofthebluntnoseshapescouldbe computedby
‘The Xc/l valueslistedinthetablesarethelongitudinaldistances
fromtheverticesofthebasicshapestothepointsoftangencyof
conicaltipsassumedtopermitsolutionwithsecond-ordertheory.

‘Inordertousethetablesofreference10,theratioof semivertexangle
toMachanglemustnotbe greaterthan0.94.
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theuseofRayleighlspitot-tubeequation.Thesecalculationswere
omittedforthisinvestigation,sincetheresultingpressurecoefficients
wouldbe functionsofMachnumberonlysmdobviouslycouldnotsatisfy
thehypersonicsimilarityrule. However,eventhoughthepressurecoef-
ficientsat theverticesareomittedsadthoseverynearthevertices
maybe somewhatinerror,thewave-dragresultsareaffectedverylittle
whenthewave-dragequation,

r- –

—

is graphicallyintegratedbyplottingr(P-p. )/p. aS a functionofrJ
anda smoothcurveis fairedto theorigin.

.-

RXSULTSANDDISCUSSION

PressureDistributions &

Correlationandcomparisonwithe~eriment.- Infiguxes3(a)and
(b)allthetheoreticalpressure-distributionresultsforthevarious
Machnumberandfinenessratiocombinationsconsideredhavebeenplotted
with K asa parsmeter.Thesefigureshelpsubstantiatetheassumption
ofthevalidityandusefulnessofthehypersonicsimilarityruleasa
toolforcorrelatingpressuredistributionsfortheshapesconsidered.
Thevalidityoftheruleisdemonstratedforseveralvaluesof similarity
parameterK. Forexample,at K = 0.857 infigure3(a), thepressure
distributionfora finenessratio7 K&m#n,shapeatMachnumber6 agrees
weldwiththatfora finenessratio3 KarmanshapeatMachnumber2.57,
thecoqputedpointsforeachsolutionfailingveryclosetothemesa
fairedcurve.Likewise,infigwre3(b)additionalchecksareshownfor
Newtonianshapesforsimilarityparametersofl~.5 smd1.0.

At K = 0.667(~ = 2, Z/d= 3) thetheoreticalpressure-distribution
curvesforboththeKarm6nandNewtonianshapeshavebeenverifiedby
theresultsof experimentalpressure-distributiontestsconductedinthe
Ames1-by 3-footsupersonicwindtunnelNo.1. The K = 0.667curves
of figures3(a) and3(b) (withthecomputedtheoreticalpointsomitted)
arecomparedinfiguzze4 withtheexperimentalresults.Theagreement
betweenthetheoreticalcurvesandtheexperimentalpointsisexcellent
andlendssupporttotheuseof second-ordertheoryforthisinvestigation. P

e!
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AnsJ.ytical.expressionsforpressuredistribution.- Analysisofthe.
dataoffigure3 hasrevealedthatforeachfsmilyofnoseshapes,a
simpleequationmaybewrittenforthevsxiationofpress~ecoefficient

~ with X/z and K. WhenpressureratiosP/Po fortheKsrm& shapes
andpressurecoefficients(p-po)/pofortheNewtonianshapes are Plotted
asa functionof x/Z on logarithmiccoordinates,theresultingcurves
arelinearovermostof thenoselength.(Seefig.5.) Exceptionsto
this+in~srityexistonlyforvaluesof x/Z greaterthanabout0.7for
theKarmanshapessmdlessthanabout0.05forbothfsmiliesof shapes.
Theequationsforthelinearcurvesmaybe expressedh exponentialform
as follows:

FortheI&m&n shapes,

FortheNewtonianshapes,.

.
P

0
-Po b Xn— =
Po 7

(3)

(4)

where m andn representtheelopesof thecurvesshowninfigumes5(a)
and5(b),and a andb representtheinterceptsat x/z= 1.0. From
plotsof’thevariationof m andn with K (fig.6(a)),itwasfound
that

m= -0.399K+ 0.065

and

n= -0.416

Fromlogarithmicplotsofthevsriationof a
itwasalsoobservedthat

a = 1.080K0”0g3

and

b = 0.305KZ”683

Thus,expressionsforpressurecoefficientas
maybewrittenas follows:s

FortheK&m& shapes(0.05<$<0.7),
●

(5)

(6)

andb with K (fig.6(b)),

(7)

(8)

a functionof x/2sndK
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P -3?0 p -0.399K + 0-065
—= .-

()
1 = 1.080I@=0g3 ;

Po P.
-1 (9)

FortheNewtonianshapes3(0.05<$ Q.0),

P - P.
()

-0.4m

I?.
= 0.305K1”683; (lo)

At leastwithinthesimilarity-parsmeterlimitsinvestigated(and
for MorsendZ/d~softheorderofthoseusedherein],pressure-
distributionvaluesfortheK&m& andNewtoniannoseshapesmayhe com-

—

putedfromequations(9)and(10),respectively.Althoughequation(9)
isnotapplicablefor x/7ts greaterthan0.7 for theK&m& shapes,the
pressuredistributionspastthispointmaybe estimatedwiththeaidof
figure3(a).Thepossibilitythatequation(10)fortheNewtonianshapes
maybeusedto computepressuredistributionforevenhighervaluesof .
K thsnoneisinttiatedby thegoodagreement,shownlater,between
computedwave-dragvaluesandexperimentalresultsfor

—
Kts toabout1.7. P

Wave Drag

Analyticalexpressionsforwavedrag.-Thewave-dragcoefficients
whichwerecalculatedfromthetheoreticalpressuredistributionsof
figure3 arepresentedinfigure7,whichshowsthevariationofthe
wave-$ragfunctionCD(~/Po)withthesimilarityparameterK. Forboth
theKarm% andNewtonian,sh?pes,curveshavebeenfairedthroughthecom-
putedpoints.FortheKarmanshapes(fig.7(a)),thevariationofthe
wave-dragfunctionwiththesimilarityparameterislinear(forthelimits
of K investigated),andtheresultingexpressionis

CD% =0.6K - 0.16 -
Po

(U)

FortheNewtonianshapes(fig.7(b)),thevariationofthewave-dragfunc-
tionwiththesimilarityparsmeterisnotlinearbutmaybe expressedby

%
CD& = 0.422K=”SS3 (12)

31tisof interesttonotethatthisexpressionisofthesameformas
(P-Po)/Po=

c
0.197~(x/2)-0”5,whichresultsfromuseoftheNewtonian

pressurerelationshipforslenderbodies,(p-po)/~=2(dr/dx)2.
e

—
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Thisequationwasanalyticallyderived.withtheaidof thepreviouslym
developedpressure-coefficientexpressionfortheNewtonianshapes
(eq.(10)).

#
Comparisonof theoreticalandexperimentalwave-dragresults.-In

figure8 theoreticalwave-dragcurvesresultingfromtheuseof equations
(11)snd(12)arecomparedwithwave-dragresultsobtainedby subtracting
calculatedvaluesof skin-frictiondragfrompreviouslypublishedexperim-
ental foredragdata(refs.5, 9, md 11). Theseforedragdatawere
obtainedfromwind-tunneltestsofminimum-dragnoseshapesof fineness
ratios3 and5 atMachnumbersbetween1.44and5.00. Sinceforthe
modelstestedtheboundary-layerflowwaslaminsrandtheskin-friction
dragwasgenerallya smallportionoftheforedrag,theskin-friction
drag,whichhasbeensubtractedfromthepublishedforetiag,wascomputed
bytheBlasiusformulaforflat-plateincompressibleboundary-layerflow.
Useofa morerefinedmethodto includetheeffectsof bodyshapeand
compressibilitywasnotconsiderednecessary.

.
In ordertomakedragcomparisonsoverthecompletesimilarity-

paremeterrangeforwhichthereisexperimentaldataavailable,the
theoreticalwave-dragcurves(eqs.(11)and(12))havebeenextendedpast.
the K limitsforwhichsecond-order-theorycalculationshavebeenmade.
(Compare,e.g.,figs.7 and8.) It isevidentfromfigure8 that,even
fortheseextendedvaluesof K, thereis goodagreementbetweenthe
theoreticalandexperimentalwave-dragresults,althoughthereappears
to be somescatterin theexperimentaldata. Thus,it maybe expected
thatequations(11)and(12)csnbereliablyusedforthe”calculationof
wavedragforK&m& andNewtoniannoseshapeswithinthe K limitsfor
whichexperimentalconfirmationhasbeenshown(0.41<K<1.02forK&m&n
shapesand0.41<K<1.67forNewtonianshapes).Withoutfurtherinvesti-
gation,however,itwouldbe inadvisabletousetheseequationsforMach
numberslessthanabout1.7andforfinenessratioslessthanabout3.

Wave-dragcomparisonsbetweenK&m& shapes,Newtonianshapes,cones,
andtsmgentogives.-In figure9 curvesshowingthevsriationofthe
wave-dragfunctiontiththesimilaritypsrsmeterarecomparedforK&m&n
shapes,Newtonianshapes,cones,endcircular-arctangentogives.The
dragcurvesfortheK&m&n andNewtonlsnshapesarethesaneas those
shownin figure8, andthedragcurvesfortheconesandtmgentogives
arefromreferences3 and4,respectively.Thedragcurveforcones
(computedonthebasisoftheTaylor-Maccollexacttheory)andthedrag
curvefortangentogives(computedby themethodof characteristics)have
bothrecentlybeenexpertientallyverified(ref.6).

. As mentiouedinthereportintroduction,thewavedragofa NewtonIan
shapemightbe expectedtobe lessthanthatofa K&’m& shapeforhigh
valuesof K. Theresultsofthisinvestigationandofreference5 show

. thatevenforsimilarityparametersas lowas 0.!5thewavedragofa
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Newtonian shapeislessthanthatofa K&n&n shape.A designercon- .—

frontedwiththeproblemof choosinga noseshayefora givenlength
.

anddis.metershould,ofcourse,weighthewave-dragsavingswhicha
Newtonian,sha)emayofferagainstthe25percentgreaternosevolume—.

whicha Karmanshapeoffers.
*

Althoughforthesimilarity-parameterrange
investigatedthewavedragofa Newtonianshapeisatmost10percent
lessthanthatofa K&&n shape,it is20 to25percentlessthanthat
of’a tagentogivesmd15 to20percentlessthanthatofa cone.

CONCLUSIONS

Thehypersonicsimilarityrulehasbeenusedto correlatepressure
distributionsandwavedragsforK&m& audNewtoniannoeeshapesover
thesimilarity-parameterrangefrcmaboutO.~to1.0. An analysisof
thecorrelatedresultshasledtothefollowingconclusions:

—

1. Foreachfamilyof shapes,simpleequationsforpressuredistri- - ‘
butionandwavedragmaybewritten:

For

and

For

and

theK&m& shapes, ?—

P - P. -0.s99 K + 0.065
—= 1.080K0”0g3
P. 0?

-1 (0.05<;<0.7)

CD % = 0.6 K - o.~6
Po

theNewtonianshapes,

P - P.

()

-o.416
—= 0.305K~”6ss~ (0.05<;<1.0)
P.

%CD== 0.422K1=e83
o

where p islocalstaticpressure;p. snd~ arefree-streamstatic
P

anddynamicpressures,respectively;CD iswave-dragcoefficientbased
on basearea;K isthesimilarityparameter,~/(Z/d);amd x/Z isthe e
longitudinalcoordinatefromthevertexdividedbythenoselength.

—v-’-@-



NAC!ARM A53F12 11

2. TheNewtonianshapeshavelesswavedragthantheK&m& shapes
ofthesamefinenessratioforvaluesof similarityparameterbetween
0.5alla1.0.

3. BothK&m&n and~ewtoni=shaleshavelesswavedragthaneither
conesor circular-arctangentogivesof thesamefinenessratio,thewave
dragofa Newtonianshapebeing20 to!25percentlessthanthatof a
tangentogiveand15 to20 percentlessthanthatofa cone.
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NationalAdvisoryCommittee

MoffettField.,Calif.,
forAeronautics
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