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EXPERIMENT INVESTIGATIONOF~CE EFFECTSOFLATER&L-

SUH33RTSTRUTSONAF3TXBODYFTl13SSURESATMACH1.9

By JohnL. KLannandRonaldG.Huff

A seriesof singleand.doubleunswept,lateral-supportstrutswas
testedata Machnumberof 1.9on a cone-cylinderbodyatzeroangleof
attack.Thesestrutsconsistedessentiallyofa rectangularboxsection
withidenticalwedgefairingsforeandaft. Wedgehalf-anglesof8°
wereusedon strutswithratiosofthiclmessto chordof0.050,0.070,
and0.100,while4°half-angleswereusedon strutshavinga ratioof
0.047. Theareaoftherectangularpsrtofthestrutcrosssectionswas
heldconstant.Measurementstncludedpressuresoverthebodysurface
fromtheconeto,andincluding,thebase.

Allstrut-bodyinterferenceeffectsweresmallbeyonda lengthof
8 bodydiameters.However,anobliqueshockwaveoriginatingatthe
intersectionofthestrutleading-edgeshockwaveandthetunnel-wsll
boundarylayerdidsffectsfterbodypressures.Tbisshockinterference
wasalleviatedby reducingtheleading-wedgeangle.No afterbodyinter-
ferencepenaltywasstieredby retaininga lsrger”trailing-wedgeangle.

Wind-tunnel
laterslstruts.
theductpassage

modelsforjet-exitresearcharecommonlysupportedby
Thesizeof thesestrutsisfrequentlydeterminedly
areaneededinthestrutsforthejetairsupplyrather

thanby structuralrequirements.Hence,thestrutcross-sectionalarea . .
andthereforethestrut-bodyinterferenceeffectsmayoftenbe quite
laxge.Thisproblemcannot,ingeneral,be solvedbysimplylengthening...
thebodytomovetheaftportionawayfromtheinterferenceregion,since
thejetexitmustbe keptupstresmoftunnel-reflectedshocksfromthe
forebodyandstrutleadingedge.

Thisinvestigationwasconductedto determineexperimentally
interferencedueto a specificconfigurationofbodyandstruts.
cone-cylinderbodywastestedat zeroangleofattackintheNACA
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18-by 18-inch(Machnumber1.9)windtunnelwitha seriesof singleand
doubleunsweptstruts.Discussionisrestrictedtovariationsinthe ,,
afterbodypressuresdueto
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Thefollowingsymbols

areaofrectangular
(seefig.1)

thepresenceof supportstruts.

SYMBOLS

sreusedinthisreport:

partof strutcrosssection,1.05sqin.

P- P()
pressurecoefficient,—

%

strutchord,in.

bodydiameter,1.75in.

lengthofrectangularpsrtof strutcrosssection,in.

lengthofleadingortrailingstrutwedge,in.

localstaticpressure

dynamicpressure

thicbessofrectangularpartof strut

tial distancemeasuredfrombodycone

“%rutwedgehaJf-angle,deg

crosssection,in.

tip,in.

angulsrbodycoordinatemeasuredclockwisefromplaneof struts,
deg(seefig.1)

-scripts:

b baseof cone-cylinderbody

le leadingedgeof struts

o freestream
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APPARATUSANDPROCEDURE
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ThistestwasconductedintheNACALewis18-by 18-inch(Mach
number1.9)windtunnel.Thetunneltotaltemperaturewas150°F and
theReynoldsnumberwas3.2X106perfoot.

A seriesof singleanddoubleunsweptstrutswsstestedon a 20°
cone-cylinderbodyhavinga length-to--diameterratioof12. Sketches
anddimensionsof thebodyandstrutcrosssectionsareshowninfigure
1. Leading-andtrailing-wedgeh~-anglesof 8°wereemployedon
thestrutswiththicknessratios(t/c)of 0.050,0.070,and0.100
(strutsB, C,andD,respectively),whilethestrutshavinga thickness
ratioof0.047(strutsA)hadhalf-anglesof4°. Theareaoftherec-
tangularpart(fig.1)of thestrutcrosssectionswasheldcohstant.
Thelocationof static-pressureorificesonthebodysurfaceis shown
intableI.

Thecone-cylinderbodywasmountedinthetunnelwitha cylindrical
stinghavinga diameterof0.508bodydiameter(0.508D)anda length
fromthebaseofthebodyof4 bodydiameters.Bothsingleanddouble
strutsweremountedat zeroangleofattackfrcznthebodytothetunnel
wallsandpositionedonthebodysothattheleadingsideoftherec-
tangdarpartofthestrutcrosssectionswasfixedlongitud~ly onthe
model(Xle + Z = 5.95in.,a constant).Singlestrutsweretestedonlyat
anangularbodycoordinate0 of180°.A smallwireringwasputon
thebodyconetipto initiatea turbulentboundarylayer.

Themodelwssmanually&linedwiththetunnelcenterlineandchecked,
withthetunnelinoperation,by fourcone-surfacestatic-pressqre
orifices90°apart.Thetunnel-airdewpointwasheldat -50 F (orless)
throughoutthetest. Pressureswerephotographedfrommultitubemanom-
eterboards,readtowithin0.05inchof tetr~romoethaneandreduced
topressurecoefficients.Twoseparatetestsofthesting-mountedbody
withno strutsindicateda reproducibilitytowithin0.005of thepres-
surecoefficients.

RESULTSANDDISCUSSION

A schematicsketchof shock-waveintersectionsis showninfigwe 2.
Theconicalshockwavefromtheconetip{notshowninfig.2),onre-
flectionatthetunnelwalls,intersectedthestingsupportbeyondthe
baseof thebody. Thenonreflectedobliqueshocks1 and2 originatedat
thestrutleadingandtrailingedges.A thirdnonreflectedobliqueshock
wave(3infig.2)arosefromthethickenedboundarylayerimmediately
behindtheintersectionof”thestrutleading-edgeshockwiththetunnel
wall.

,,
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Experimentalpressuredistributionsonthecylindricalportionof
thebodysurfacearepresentedinfigures3 to 6. Approximateshock
intersectionson thebodysurfacesreindicatedonthecurves.Theposi-

0

tionoftheintersectionof shockwave3 inthe e = 0° distributions
appliesonlytothedouble-strutcurves.Sincethesinglestrutswere
mountedat (1= 180°,thesimilarintersectionoccurred,inthiscase,
about1.7bodydiametersdownstreamoftheshownintersectionof shock
wave3.

Consideringfirsttheeffectsof strut-bodyinterferenceandcon-
finingattentionthesfterbody,itis seenthat,beyonda lengthof 8
bodydiameters,SU pressurecoefficients(exceptthedoublestruts
havinga thiclmessratioof0.100)arewithin0.02. Thesevariations
willbe consideredsmall.Theconfigurationswiththestrutshaving
thicknessratiosof0.047and0.050(figs.3 aud4),bothsingleand
double,exhibittheleastspreadfromthemodelafterbodypressures.
Forall e = 90° distributionsbetweenshockwaves2 and3, thesingle
strutcurvessreclosertotheno-strutbody-pressurecoefficientsthan 4
thedouble-strutcurves.However,inthe e = 0° distributionsbetween
shockwaves2 and3, thereverseistrue. Thecircumferential-pressure
distributionsshowninfigures3 to 6 sreconsistentandindicate .
(excludingx/D= 5.75)no severepressuregradients.

Anyreductionofthesuppmtstrutchordthatdoesnotaddtothe
afterbodyinterferenceeffectswillincreasetherelativelyinterference-
freeand,therefore,worluiblelengthofafterbodyon a jet-exitingmodel.
Wornfigures3 and4 it canbenotedthatthereisno essentialchangein
thedistancerequiredbebindthestruttrailingedgestorecover(within
anychosenpressureincrement)tobody-alonepressuresbetweenstrutwedge
half-anglesof4° and8°. Hence,theuseof a largertrailing-wedge
anglehastheadvantageofreducingthetotalstrutchordwiththesedata
indicatingno associatedafterbodyinterferencepenalty.

Whentheinterferenceofthenonreflectedshockwave3 (fig.2)is
considered,pressuredisturbancesareclearlyobservedinthe e = 90°
curves(fig.6) fora thicknessratioof0.100ad inthedoublestruts
(e= 0° curves)withthiclmessratiosof0.050,0.070,and0.100(figs.
4t06). Sinceshockwave3 intersectedthemodelsurfaceinthevicinity
ofthelastpressureorificeforthe90°distributionsofthestruts
havingthicknessratiosof0.050and0.070(figs.4 and5),onlyanincip-
ientdisturbancecanbeobserved.Thecurvesforthe4°ha~-angles
(fig.3) srepartic~arlynoticeableforlackof anyadverseeffectof
thisdisturbance.Oneapparentmeansof alleviatingtheeffectsofthis
interferingshockistousea smallerleading-wedgeangle.Also,since
thisshockoriginatesatthestrutintersectionwiththetunnelwall,a
downstreammovementofthisjuncturemaycsnsetheshockwavetomissthe
bodysurface.Hence,sweepingstrutsbackfromthebodyisanother
possiblesolutiontotheproblemofreducingtheeffectsofthisinter- P,
feringshockwave.
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Figure7 presentstheresultsofthebase-pressuremeasurements.
Thestingloweredthegenerallevelofthebasepressureslightlyfrom
theinterference-freevaluesofreference1. Theadditionalinterference
effectdueto st~tswasapparentbutverysmall.Theinterferencewas
largerat 6 = 0° thanat
werewithin0.015.

Thisinvestigationof
ontheafterbodypressures
indicatedthefollowing:

0 = 90°,whileallpressurecoefficients

SUMMARYOFRESULTS

5

effectsof lateral-supportstrutinterference
ofa 20°cone-cylindermodelatMach1.9has

1. Strut-bodyinterferenceeffectsweresmallbeyondlengthsof8
bodydiameters.

2.Afterbodypressuredisturbancesdueto a nonreflectedoblique
shockwaveoriginatingattheintersectionofthestrutleading-edge
shockwavewiththetunnel-wallboundarylayerweredetected.This
interferencewasalleviatedby usinga smalderleading-wedgeangle.

3.No afterbodyinterferencepensltywassufferedby reta~n a
largertrailing-wedgeangle.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteefor

Cleveland,Ohio,March23,
Aeronautics
1956

IuwERENm

1.Love,EugeneS.: A S~y ofInformationon SupportInterference
atTransonicandSupersonicSpeeds.NACARML531U2,1954.
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TABLEI. - LOCATIONOFSTM!IC-PRFSSUKEORIFICES

ON CONE-CYLINDERSURFACE

Axialdistance
x,
in.

1.03

2.03

3.40

4.89

5.14

5.56

7.06

8.56

10.06

11.56

13.06

14.56

16.06

17.56

19.06

20.52

Base

22.5

22.5

22.5

22.5

~2.5

An$ularbody
coordinate,

d—

30
—

3—

45

45

45

45

45

!5

—

—

50
—

67.5

67.5

67.5

67.5

67.5

57.5

—

90

90

90

90

90

90

90

90

30

30

30

30

30

30

30

30
—
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(b) Btrut B.
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(d) Strut D.
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Figure1. - Model and FJtrutgecmetry.
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Pigure2.- Shock-waveintaeectimecmmdel.
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(a)Longitudinal;angularbodycoordinatee,90°.

-.04

.04

0

-.04

-.08

0

Ratioofaxialdistancetobodydiameter,?@

(b)Im@tudlnal;angularbodycoordinate.9,OO.

(c)Circumferential.

Figure3. - I@erlmentalbcxig-presmredistributionsforstrutA (thlchessratio,
0.047;wedgehalf-angle,4 ).
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4 (a)Lon@tudinal;angularbodycoordinatee,90”.
:G-1 .04
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-.042 4 6 8 10 12
Ratioofaxialdistancetobodydiameter,x/’D

(b)Lmgltudlnal;angularbodycoordinate13,OO.
.0

-.0
AngulmObcdyc%rdlnat~~e!deg

45 90

(c)Clrcumferentlal.

Figure4.- ~perimentalbodg-pressuredlstrlbutlonforstrutB (thloknesaratio,
0.050;wedgehalf-angle,8 ).
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(a)Len_@.tudlnal;angularbodycoordinate.9,90”.
.04

0

-.042 \ 4 6 8 10 12
Ratioofaxialdistancetobodydlsmeter,x/D

(b)Longitudinal;angularbcdycoordinate9,OO.

Angularbodycoordinate,EJ,deg

(c)Circumferential.

Figure5. - lMperimentalbod-pressuredistributionsforstrutC (thicknessratio,?0.070;wedgehalf-angle,8 ).
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(a)IanRMKIInaI:anfzularbodycoordinateO,90°.

.04 ..-

0

-.042 4 6 8 10 12
Ratio of-al distancetobodydiameter,#D

(b)Longitudinal;angularbodycoordinate.9,OO.
.04

0

-.04

-.08

-.120 45 90
Angularbodycoordinate,(?,deg

(c)Circumferential.

Figure6.- Experimentalbod-pressuredistributionsforstrutD (thicknessratio,x0.100;wedgehalf-angle,8 ).
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! ! ‘-- (a) 6trut A (thickmessratio, 0.047). (b) Strut B (thicknes6 ratio, O.IXO).
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-,?OO 30 60 200 30 60 90
-~ bo~ Cmrdirmte, 6’, deg

(c) S%xrtC (thickness ratio, 0.070). (d) Btrut D (thickness ratio, O.1~).

Figrre 7. - Body base-pressure &ietributions.


