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AO3TEACT

Thearetcl ad rinetl suz~ies of the effec-S of a 30P base cam; cm

the vitching --tica of a slim ccmical body2 have b.aNm per-forme!. These

ana-lyses bave ezc~"-n a pasi-Zi7e maent drue to the base canmt. is prooducedd

for an agle ai attack iess *'--n the come haldr angle.. Trim is cbzained at angles;

of attack close to t:he angle of attack that corres~pcods to the peak 11'a--to-drag

rataio. 7he effect a= IMt and dlrag is to rtediice tiese quantIties mri-raximat:y

by !22e anmo~t the 'windwamd slnrface arez is redured.

~.xpeunentl znesnrerent, the fcace and mamnenz coeeficiezixs

corrected fbir am nmbu base pressure signal that ori-2ginated in the test

trr ell. verified the theory. at least for sbaro-Mosed cDnic21 bOdies.. For a

m~odel with zBont 1"v. h'-mivig, lift a=-d drag coeffi-cients wezre not essentially-

diff~erent fircmn tho:-e c:- thee shar~-nosed body-. The ohs er-.ed -.aloIes of pitch-

tag mament. 'we-re gr-eatly- scatietred and agreed v.i-tb the =redictioms ~nyas

to the- effects of the base cant-. Frczn these re~dictions and =easureemets-.

it, is concluded that for slim cemical bodies cantin-g t!:e base in a feasible

cornce;-t for- cb!ai:-nirg tri at antles of attack --ear that crs igto peak

iiftto-&rag ra-os..
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L .. TRODUCno•

E rocr m2:ent of slender bodfies6 and s-pecifically slender cones6 for inaneu-

varing zreentrry vabicle systems has sever-al adivaztages.. Drag can- be

hamie by the use of moderately sbar-p-nesed tips. and v'oirm-etric effi- *

ciency is bizgh. Stabil;t a--A --im for coze shapes is Mormally obtaire'o4 by

shifting tahe center of gravity (c.. g- ) both axiall1y and laterar.ly. For very

slium ccones. hoe-ver. atzeral positioning off the c-. g- is Iiaini-ed becaase of

the small laze-rai dimensions. it has been proposed. xnost recently by AVCO

in te MAIRV concept (-Ref. 1). that the required stabillityy an-4 trim cae bee

a-cidere-d by c~ar.tng the base of the vehicle.. A nicigmoment cee-ffic-ieat

CIC that is positive -with respect to that of. the =ncaated-base shapee sbhoud be

prodced at. smll angles of attack a. At angles ,reaer than the come half

angle. the C., becomes more nearly thiatz, Z-ve sn tccome.. Thns.

stable triz conditions are obtainable at angles cff atack close to tbat obtained

- at peak lift-to-drag ratio (LID).

To evalmate the NMARV c4=cept. an experimental study was perfor-red

in the -Aerospace bypersozic sheck tnnel- In this stumdy. aerodynamic forces

and -moi-ents were measured on two circular cnes, e a 390 caned base

and4 one with a syzmetzic base (FiEg.. 1). QCcmitantlIy, a theoreticaii azzalysis

=as performed to predict -itchi- mome•t- cefficlents for the two shapes. This

renport contains zhe analytical mnethod for arredicting the moment coeffiacients and

the resulticf e A review oi &e experimental "zeasuxezents and a

ccinnariscn of these results wit the theory are also inclu-3ed.

s-Ztia results of this study (Ref 2) ndicated thal little differentoe existed

between the two configur-ations. For a c-. g-. located 0. 6715L JL =ref length)
aft of the spherical nose, tbt. pitcing moment coeffici=nts for the canted-base
shape -were negative with respect to those of the coue for small a- Further. a
wrake of CM: 0, hich correspeods to trim= ccndit:i&nas, --as =oe=e obtairted for T
a wker:Ithan zerro.. in v'iew of t:Iese abpparent discrepancies between the ezpecctcd
behavior and zhe measured oerformmance. a revnierw of bP.h the Lheoretical coo.Apas
and the experimental pracedures was required.. Coseequently, an exam.-inatiom
of the =exsurement precisiion and possible systemnvtic errorxs was be,-=.

--- . ..........
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ML TH~EORY

Prediction.s vwere =ade for the Iw ao-oe e= neicznal IMOCdls I
CI

and Uishown in Fig-. L As p~e-vic-u~s~y ncted, Model I is a i Lalf-angle cone
-aith a 30 0 canted base. 11-idel. HIis obtaimed by tramn cating Modell I at station

1.3 and does =a--- have a zantted base-.

Ref-~ f -AeSU -.r Length. I. z. MC=Zcnt Censer-
Ioe 1 0.. 07440 15 8

Model H 0.06556 1= a. 8 =0.6796L

A :Ereestream Ma-ch rr-nra!;er of .15. 8 at a Reynolds ncm~r per foot off 2.3 x i0s

teffies the Plow con-diticrns used in the caiccilations. Frboth modesa. the

viscocz inte-raction parameter A has a v~alue at the base sboanlder of

C* -'(58) 1 (0-
A=(e _)I2 I2.3X!5'G-i112 L 06

indicating thato Ube interaction is relatively weak- Froma TaIbde 3 and Foo. (25)

of -Re~f 3. tthe ratio of bocnfdary-layer :hlckness to !or.-- body -. din~s is 0.0M

for a freestzeam stagnationa e ra2lpy ten tinmes the snrface en7"o. he

viscous c-r-rection ccmsists of replacing the 20 hall-angle models by equivalent

bodies of halantle z- = 0 - = 7.6P. a -rccednr-e that arst=mes thaz ffie

bo~ada-m- !awer increase is zpproxzmatelly TH-ear wi--th distance downm the body.

-4 LAS7IMA-L SURFACES, MODEL 11

Tme bypersonic sxnal-disturbamrce par-axetz±r K~ for zer-o yaw h:as the

wallue K~k s7 = 2- 1. From standar-d tables. the sorface press-.xre coefficiant

is approxu.nately ?-1 Is for air and f6-. this K- We no.w assrmie tbat, with

PAW. the surface pressure depenids cc the local surface incidence 7*i h

saz=e i-y . e., C = . 87 Tr-e, dependence cd a. n the ccne angle of
p

araclk a., the ef-fecti-e: thickess a., and zhe local mneridian amgle- .f? =easured



ceni t~e leewa.r-d meriffiaan. is icoud ft-om t:-- srin ical zarlta AC

depitedin Fg. .. r cm a point 0 on the c~dIcentwerlin-e. OA points Z-o thte

wind, azkd :he sector 030C is part of tb oel eroS 3 section tIroiigh 0 that

lies between the leeward meiinat B 2nd the local invzidiax at C. TL-he

ang;-es ABC zand BCD are both rightý 2ngles. azd OD is the direectiou of Ch

sm--face marrmal. The.- arc AD) then is tLhe c -v=nremaent of a, vwhich we sees..

Spberz2!ti-go-nommetry leads to Chie reexmlt

0' sin Icc~c~

ca-n be neglected. vre ha-. -- i ý

$ and

C -l~dci-2- l$47 2CCccob d 2os6

ForM---4__w integrate C firom the leee~ara zmeridiam to tLhe vwind~ward

me=ridianm to obanthe rati I e.:e scionorzmal force to tbe irer-str earn

dymainic press%=e.

Simmilarly. tLhe sntioma cbard-force coefflcient due to zoressure is

0

4 3 65 (x~T C. a

where r(c)i the actual body radius (not the effec~ve body r.-dims)-. The

Pitebinx M-emen coemlidezz CU 6--e to lift is linear in a. neglecting terms

-4,



I

-I

I

I
A

Fi�e Z.. S�hericaI Q�adri!atera1

a.A:

I
I

-5-

\2t�-,<.� '�.4* - - *-*--�t�*�.* - --



of ccdr z rand has the~a

For both models. X_ 0. X_ 13. amd =8.z 8.-b- tesisri es

to smtct 13 -

For XW .3 IL. Se =r*:'amd L 13. so t~s th !teral surfaesc
ref I reff

1.Mcde.1 H hzave a Cicre to M-f off 40.. COMO-. SIMIlarly. the~ ='-o"=31 fforce

C.Officie.t is

2- ~3-t

a~d the oressure chord-force coeficier~t is

=eo0. 381[1 LU I(2Gr2)I

B.. ._A'ir.ýEAL HR:ACES 3XMODEL I

The coErc=io the -s-Edes ef Model I differs firam Model II i -

týo ways: tBLe reference qzztit~zes axe differeil, and th-±re is Aiaddiicmaa s~drt

arma cm Adel I due to base c3z±.. Tre first. effect revz=ires mrnitinly=-g p7evia-

cus results by tiee raia (SL) ~to (SL1)e5 U, =Bi:cB is L-:544.. The ccr- J~

tibcqfrm of sizrfrees :ob-,ara of statio 13 cm cde.1 c cm i s co40.%049..

Gmt:he skizt. t!:e local =re~s=7e coeffzfideit is -as before~bt the ~hd~

i~tegrazicri :2: e u_=er limit (-xI!) + sin-l 0. w'henr

(z300) (f)



-tz - -1 (x -- Tr'a. sechc It-ce c-ef t io x >1 are

I 11
-l .- r3c cos. 6 e.6 ~ i~t

- Cj~2r~rf C'.s6

-- f- 2Z- -

For -Ist bea;aoarada

I iz Zan -~aioj~s2r

7 11,2

Cm 4 6arid-f (-X~ra t 1) C0fl

(I - o (I - I fI&-)J t-



With the a-vrcad=3-ticn t1tal r =r Iswe have

2.

r..

-C tan i

ww~c~h for Mo~del I becomies

C =0. 0072 - 6 0- 6o Mf),0

eme io, liftc the skir-t. Th-e inorma1 for-ce c= the sk.ir-t is siniiar!y

C -0. 0193 0-. 2.900 - 0. n20a2

an- the chard-fomrce ccefficie-+ 6--e to pres sure

(p21

.1 _.G__ _7

T 2be bas prew= is asze : ee35o l pressxre fcr-

bl m~odels. '-e= a= tBhe base,

2. -- M

For. -Mode- -;L the base pr-essnre caa Rns-*us on!., to tLhe ba-se drag coefficiez-

CX= 0- 0O23.. For Model 1. the area of the eLAical cb-Anted base ic- 10-. 8 =--.4~ sis L 0 AS) The m=nemt a.-= of t!>e forcce %-nthe base is 2-. 6 in-. or. L 73O~
of L Hemce,C.j dme to base p-.essure -is 0. 0G04.C,.= -0.. 0012. amd C=refr x'I2



These res--rts. QiVe the fol-lei g tota~s fo- =Omnemt, n=or-at force-

amd clord force dEr- to pressure:

ifodel 2: Cm = +00.ii=6 - 0-09?3-le O..Z86-ý

CN -0. 0205 4 2- OS_- - 0. 8 Z0GLzZ

C =-i0..044-O +LO Gadx

7
C: 0. 0353 - 0.. I 0.943d-

I)L CHIORD PMORCE, DUE TO FRICTO

Fran imte-raction parameeter A of L G6. lo7 the- Prtandti ==:beer 0.7.?

;4=3 a cold waI. the skin frictlo* coel-l-cient. is

-I G /= -
w-h-ere the Capxma=n-Rch:es!- factor C for a cold 'waU is

-An ir-tegration~ of Cf c~er 6 amd x lepads to a ChOr-d force for W.ode1 Hi CS

C = 0.0545 <o7-6D)

For Modeol L. the co ibtir m 41M sutiios cp tca=~ of 13 is 0-. 7128 ie is.

om. C =0- Gz=%S and tbhe co~lrl-bzfticm fracn the s~drt isx

no



z2
(GOS.(.3)r a-acs03

3s

-Wa 4-

-' L TOTALS

Wher,--e the oressure an friction c.-od-iE-orce cocrintvm-Uias are

added az-- =he -mrai force a~d chtord force are cmcv-erted to lift 2md drag

coefficidezs, the force rs1 for bach slamrp-nosed =nedels are

Model -'F C =-0..0205 +LOO-R -0-.7126
L

C- a- asses - 0. 05550 +-2..0

* , ~Model MhC 2-. Z75=~

0- 099 +3.40.,
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~ - easzreznezts of ae-rodyznan--c force 2Md xnc~ent coef-ficemts

Were =.ae in 0-1 AerospFace Eypersomi- shack F~a 211a- 2*6~ Re~ymmolls

bes were z -.--miz~y A16 a-- Z-.3 X I, resspectivei7. Tbese -eassurc-

m~ents, a3 Lizdicztt~ iz Re!. 2. yiele-ed pitch-zg ==neatz velEes for the caeed

base -1'A-m-el 1 tbat ---re rnegati~-e with respect to those for ibe syeti

cane MoelIL C- the oehbe hamdlfro- fbe precediz.s mr--a'yels o-- expectIs a

ýosfti-re oi?:zczz:;&fo a sn=a-l a for the cazned base M~odel L if t1me

pressure on tbe base o! the imcdel =vre- mc- great:=r tbam toe freeestrea=

vress~re. th= a sigr1ificam!1 mmegative ==oe=! d-,- to th~e biase =azt w'nd 1,7

6 tinCd.. 7his n~~rtcc-!d cotiae th ~e obser-red valces of C.for

j Mcdeis ? nd ILFor a ccz-e s-xpe~ided in th±e flow witbou a sting, the base

Dreszre ge~ra~yless eham the freestreana orressu-ze (Ref-. S)-.~r

=n toed cm a s-ting tbat p~rojects frcmn a rnass-i'v szpzrt, Eis =;ayZ Mot be

true-. Mere ecises the possi Aliy that a pressn: e 1wave ray p. o~gte

strear 21=ge the stinmg finom 1!e bow vm-.e formed aIbead cf tbe support-.

To e~mn=-e this cbsibase- and sx-aftce-presaure xmeas.-renemts

vrere mnade in tEbe Eyperzomic sbock ane o a ccnical macde! i~a in size

an-d shape to -%W!~e ML 1-e come bzseý-press--re measm-remer-ts =ere made

in t2be tonel at the same Iocatxioo as the force tests of Models I an-d IL The

mnodel and stin-g ara-nge--ent is show= in Fig- 3. The di-sk nmonzed a*:b

sigsixnuIates tbee loc aior o~z IM coonning ý.. that ccet th- stirg tote

snjpnom. Base pressures wzre =eas. I4 for. the samne fluw ccditcCs m -6.

and Relit = 2 3 X W0 as :;bose obtazimed during the force tests-. Typical base-

oressure zmeasz==vmts: are shown in Fig.. 4.

wazen zbe conaing ncti si~mmnlator. was s-114 in-. d ntra b ~ e base

of the come. :he base Pressn-re (i.4a) rose fro=n a level of1 112 to tP

-.. 8 msec after Cbe flow began.. Wben the disk was re-=actemd to 155-3/3 in..

Era= the ccone base, naeffect on the kirazico for level) Of tb-e Base Dre3Sne

was nole&L
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The cone model- was next moved another 8- 114 in". =stream on the

sting. and the coupling--ut simn=1ator %was ag-ain installed. This time. the

base oress'-e rose fra= a -zal -- e of 1i2 P= to 5 p.. 7.6 ms-ec after flaw started

iFig- 4) Agaim, there was mo correlatio between the arria-zl t-me

5p Pave --t Che base of the modell and the locaticn of the co7n,3.ing nurL Qearlys

the base pressure was root a resu~lt of a wave moving upstream alcog the stEng.

if thi were so. the base oressure woald -ave been iy-enced by the location

ofthe disk !a:--e sting-

Us-- s "w o= *"e base-.ressnre records of Fig. 4 is the re•-ected

shock wave from~ the do-w-astream enda of Zbe tamk. whidch form=s the shock-

tnnn'I e' est section. Normally, the m•del is Dositivned so that this reflected

Wave arriv-es at the- model a-t' aboc't the S2 ee time that t;he- reserv-oir camditions,

infinenced by, the arri-vall of the Lead of the reflected raref-actien wwaze in the

Ssh�-���tbe, begEn to decay.- This is the cptim=-n test tim of a partic-_lar

t nnel- From records - ,ch as these, it was noted t._t th;e sbase-oressnre

signal travels sliHtly mmore slowly than the reflected wave-. The 2aprwdrnate

origin of the base-pressure signal was deterrmined 1-y~ extrapcdating an x-t

=w oe its arrival at the two o*del locations. Ihen !his -as dce, :his

Signal seemed to be originati-g at the main support for the sting assembly

~t~ comnes th-rotgh' the sidevwal-I ef the tam'k.. The influence of 's'- reflected

wave can be ellih nted by 6placing the mo-de~l far emough upstre2= ina the

test sectionm so that the reflect-ed shock =ave ar-.rves at the sarne tinme, :1at

is, so that is aps •--eam.-moi-ng influence doees not arrive during the o•=

test, time. T--is position is clear, y spoecified b-y theese tests.

IIt is now recuired that the farthest .iownstreak= element of any fcrce-

balance- nuodel be at least Z ft. xmstrearn off the sting. L. e- . mmodels sbouald be

no fu-her sa an 9- 1i2 in.. frm t.

A. Aa - 11ATI' MTO ~PRESET 3dUAW-~x'N--

Tyypical traces obrtained for MelI and H forces are shown in Fig.. 5.-

-s. way ofasmtn I- oc is to aver-age !be.. si gna2 over te central 1

poflUonci tefZ record as shown ina Fig.. -150 Timis task was con~plicaled by the

consider-able Variation in Ssignal leve-I Orag-Eaahly. this varriazion was attributed

•_--41

:.lI
•-I
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I Ii,
to a lo-w-f-requency rnegJaniczl viration tisat the procedure for ecopens-ating

the force balance bad net elimizate-. 11 is now prescn-ed that the variation

in the later hallf of the -- ace is due to the arriv-l at the base cf the model of

Ube pressure -waye now detected. Cinseouently. it was deci-d-ed to reznessure

the force ... s oly the oion of the trace not infinced by the

arri-val of the base-pressur-e si-gnaL IT should bee pointed out that 4.12e precision

of the da:a will be aeverselc affected. and the measurements *--oe scattered-.

The proper solztion is to restric-t- the test to a region far emough- UPSIfreanm so

that t!-e si-gzal does not aCha dring ~ie test inrterv-al.

The force levels were =easured, and the z ea slur- ents were reduced to

* force and momnezt coefliczients- The mo-mezt ce=*ter exnnloyed is as designated

in the Cheoretical section a•d• is located on the s G. 675 L of t-e e•oretical

cc. n--e ape-.. This position is aft of tbat defined in Re- 2 by 0. 015 L1

B. COMPARISON WI-AH P-REDICTIOY.Its

Plots of hie aercidynamric force and cm~ent coe "fcieriis are eiven in

F-igs. 6 and 7 for the two nose radii e. !cyed- Also on tie figures are the

values of CL" C. and C". predicted fron !he t•-ory-. Predicted and mea=sted

drag for the sh•az-nosed bodies display the best agreemet-. For t-e symmetric

cone., the daa fall near-ly cc th- theoretical cu.rv for all a For Model 1.

drag measureme=ts are within about 10% of the predicted values up to o a7

The predictions of lift are about as good for Model I as for Model Is high -by

a~bout 20% in each case- C., neastred for the sham-np-osed MIo-del I is in

re -=Oaay good agreemme= wit! the predictions for a <8e Above

obser-red v2lue for C-M returns sha.•!i as the caz;e3 base skir: drops ocu of

tle wind to the " alce for the symrnetric coe. 1- the predictions bad been

Made for attacl angles vdvere pa-int of the surface is le--ad abov-e 8.it is

expected th-at the predi-c3ions would corr-oborate th-is return in aCM hns~

S...peeha-s not as sb-4 as observed c•.eri=entaily. Where te predictions

apply. the agreemen. between predicted and observed CM is good.

For the spherical-nosed =odels, CL and CD are virtlly d.-istiangish-

.nable f-o the sh•r--osed models. The values of CM are a great deal more

scattered, how-ever, and a trend is difficult to detect.. As in the case of The

•J_ _ _ _ I
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sbLp-nosed models for smmal a.C~ is positivef-t_ a~e-ae oe

with~ retsmect to tne symmet-ric-coe mcdel-

Both t~e predicted and- =easured ',alues cf C. !hr.- Cthz it is pcssible

to trim the =odel wil base cant at angles af attmck of iiiazres!, i. e-. *close

to tLhat of maoimum LID. ::=s de==strating feasibillit-w of the co--ceptL



iv.. CO~r.!ASIONN

Tine eff-ect of a *T6 LGse cant cm the pitcbing =iontet of comical boffies

is signiflicam.t as za a theoretical analysis. A positive =-cunt, due to

-the c.---. is =r~dc~.-d Iro- v <10ý and t-irrn can be 7-0a--e Th rec .4 anzo lijj-

and daMg is zo reuc tese onant~ties 2= ~~wteely by :be amv-t :he wind-

* wrd SM-rface a-rea is reauced.

EiMealziSzr-=en~t of the force and in--ent coe--czzez-S,

corrected for an- anc=na-o1os base-pressure signal. e-er-i~ied the theo--etiical

results. at least for sbarn---rsed ccoical bo~Aies- For a -necdf.I wifn-l

*blunting. CL and -: wzere in rea onable agreeinez-, with predic-tions. 1:
L D

* ob-serT!c- 'E2les of C&I were greatly scattered analthough in =3antitati-rely

poo.- agree~zectI still agree 'aitb predictions as to zhe effeczs of Che base5

cant. From~ these predictions; and measzrexnents. coe co-cciudes that the base-

cazm comcezn, is feasa-We for c4btainimg trinn at vakzes of a close to that

cor~re-sk-oding to m~ndim-~i LID-.
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