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ELLIPTIC CONES ALONE AND " TITH WINGS AT SUPERSONIC SPEEDS I 

By LELA N D H . J O IH i ENSl':N 

S MMARY 

1'0 help fill the gap in the lcnowledge oj aerodynam1·c.s (d 
shapes intermediate between bodie oj 1'evolution CLnd flat 
triangular wings, Jorce and momf'nt charactn'i tic. for elli ptic 
cones have been exp rim entally determined jor ]'Y[ach numbers 
oj 1.97 CLnd 2.94. Elliptic cones having cross-sectional axis 
mtios jrom 1 thTough 6 and with lengths and base ar as equal 
to circular cone oj fineness ratios 3.67 and 5 have been btudied 
./01' (£ngles oj ban k oj 0° CLnd 90°. ELLiptic and circular cones in 
combination with triangular wings oj aspect mtios 1 and 1.5 
also have been considered. The angle-oj-attaclc rcLnge was 
./rom 0° to about 16°, and the R eynold ?lumber wa 8 X 106, 

based on model length. I n addition to the forces and moml'nts 
nt angle oj attack, pl'es ure di tribution for ellipt?'c cones al 
zero angle oj attaclc have been determined. 

The results oj this inte tigation indicate that there (~re dis­
tinct a 1'0dynamic advantages to the Ube oj elliptic cones. n "ith 
their major cro s-section al a:res hori zontal , they develop greater 
liit and have high e1' lift-drag ratios than circular cones oj the 
same fineness mtio and ~'olume. I n com bination with tri­
angular wing of low aspect mtio, they also de'celop higher lift­
drag 1'a tios than circular cones with the s(~me wings. For 
win ged elliptic con es, tlt is increase in L~ft-drag ratio re ults 
both ./rom lower zero-l~ft drag and dmg due to li ft . Visual­
flow tudie indicate that , because oj better treamiining in the 
crossflow plane, vortex flow is in hibited more jor an elliptic cone 
with major axis in th e plane of th e wing than for a circular cone 
with the ame wing. .!Is (~ result, vorlex drag Tesulting jrom lift 
is ?'educed. hijts in centeT of pressure with change in angt 
oj attack and l\jach number aTe small and about th e ame as fol' 
circulaT cones. . 

OompaTisons of theoTetical and expeTimen tal jOTce and 
moment chamcte1'istic fo r elliptic cones indicate that simple 
lineaTized (flat plate) wing theoTY is generally adequate even 
./01' Telatively thick cones. lero-liJt pTe SUTe di tributions and 
dmg can be computed using Van Dyke'S econd-ordeT lender­
body the01Y For winged circulcu' cone , a modification 0./ the 
-lender-body theory oj AOA R ep. 962 re ults in good rtgr'ee­

ment oj theory with e:rlJeriment. 

I TROD CTIO 

Variou s lheo ret ical sLudie havc indicaLed thaL elliptical 
cones have imporLanL a l'odynamic advantage over circular 
cone aL super. onic specd. AL zero anglc of aLLack, lhe 
p res me drag of a cone of givrn leng lh and ba c area de­
crcases a lil c cross scc[.ion is hanged from ('i rcular lo f1aL 

, Supersedes NA( ' A Treilni(·,ll Nolr 40-10 h y Lelan<l ll . Jorgenson, J!J.1/ . 

cllip Lical (refs. 1 Lo 4 ) . AL an olc of aLLaek , iL ca n b e shown 
from Lheory th aL ellipli c ones prod uce large gain in lifL and 
lift-drag ralio compare llo cil'cular cones (refs . 1: 5, a nd 6). 

Al though Lher e is a moderaLe amounL of lhcorelical infor­
m a lion applieablc Lo clliptic cones (par Licularly for Lhc case 
of zero in cidence), rela tively liLtle experimen tal daLa have 
been obLaincd. There a rc omo pre SUl'0-di Ll'ibulion data 
in r cfcrenccs 7 and ExperimcnLal 1'C ul ts pre nLecl by 
Rogers and B cr!':v (ref. 9 ) includc pres ure-disLribu Lion a nd 
force da ta for a se ries of rdaLively flat winglike ellip Lic cones 
having raLio of major-to-minor axe b eLween 5 .4 and 23 .1. 

I n ordcr Lo prov id e in[onnaLion for more boclylike shape 
(shapc which mighL be adapLable for lise for manned enLry 
in Lo planeLary aLmospherc ), t hc presL'nL experimcntal in­
ve LigaLion was performed. Th e aerodynamic characteris­
lics of a family of clli ptie cone h aying raLio of m ajor- to­
minor axes beLween 1 and 6 w ere m casLlred . Al 0 included 
in Lhi inve LigaLion i a ludy of the efl'ecLs of ac1ling Lri­
angular wing Lo circula r a nd cUi pli c cones of givcn leng th 
and ba c area. TcsLs were made for 1Iaclt numbcrs of l.97 
and 2.94. The p urpo c of the pre en t r eporL is to discus 
Lhc r esulLing' acrodynamic dat a and lo compare Lheo1'elical 
fmd experimenlalresull . 

a 
b 

c 

( 'I) 

( I 
[, 

YMBOLS 

. 4s2 

aspccL r a tlO , -1-
.i w 

hase a rea o f' COll e, 7rab 
plan-fo rm area of conc 
loLal wing plan-form a rea (in cluding Lb c part 

with in Lh c body) 
emimajor axi of elliptic con e 
emiminor axi of elliptic cone 

·"Ia2 cos2 ¢+ b2 in2¢ 

cross fiO\\- drag coe fFi cienL of cylind cr 

c1ril g coe[fi ci(' nl , 4 
g", b • 

(1 rag coeffLCicll [. at 'zero Ii fl 

lifl coefI-i cielll , Ll 
q", /' 

lift coeffi cienL [ 0[, basic circular cone 

pi t cli ing-mom 11 L 

pi Lching momcn l 
q", i t bl 

Jfi i nL ab u L b< of (' !le, 
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piLching-momen t coe fft ci('nt al ou t ba e of ha. ir 
circular cone 

p re ure oefficienL, P-]J", 
q", 

drag 
d iameLer o[ cone aL basr 
complcle ellipti c inLeg ral of s('con d kind 
leng th of co ne 
l ift 

maximum lift-d rag- ralio 

max imum lift-drag )'al io for hn IC ircular con(' 

f r('e- lream l\ / nch number 
free- Lream s taLi c press ure' 
frec,-stream dynami c pre s ur(' 
wing emispan, meas urecl from hody enter lin(' 
Carte ian coordinates a hown in figure 1 
center of pressure meas ured form con e vertex 
half the eli Lance b tween flow sepanl.t ion lin(' 

on Lhe- cone at the ba e 
half the eli Lanc(' between vortrx tracr on til e' 

co ne at lh(' base· 
angle of altack 

longit udinal axi 
( ee fi g. 1) 

, 'M ",2-1 

win g semiapex angl 

mensu['rd beLwren hody 
and Irre- lrram dirrction 

angle mea ul'ecl around bas 
zOlllal ba e axi to flow 

llipse from hori­
eparalion Ii n on 

co ne 
anO'le m('a urrcl around hase ellipse from hori­

zontal base axi to yorlex lrace on cone 
A modi~i caLion fa tor to take aecounl of finite wing 

aspect raLios 
cf> angle of bank abou L body 10ngi Lud i nal axis ( ee 

rig. 1) 
The posiLive direcLions of th e angl(' ancl coe ffici (' nl a re 

hown in fi g ure 1. 

APPARATU A D TESTS 

WI 0 T El.S 

Th experimenlal inv(' li gal ion was condu cted in Lh 
Ames 1- by 3-[001, uper oni wind tunn rl no. 1 and no. 2. 
Tunnel no . 1 i , a do ed-circuiL, conLinuou -operaLion type 
and i eq uipped with a fl exible-plate nozzle Lhat provides 
a variaLion of 1 [ach number from 1.4 Lo 4.0 . The R eynold 
number is changed b~T varying lh e 10Lai pre s ure wiLhin Llle 
approximate limil of 1/5 of a n atmosphere to 4 atmo pheres. 
Tunnel no . 2 i a nonl'eLurn , inle rmiLLenl-opel'ation l~-pe 

and is al 0 eq uipped wilh a flexibl e-plate nozz le thaL prov ide 
a varial ion of Mach number from' 1.4 10 3.. Ail' for thi 
tunnel i, obtain d from the 'une 12-fooL wind lunn el at 
a pre Ul' of about 6 aLmo phere and i eXI anelecl through 
lh nozzle to the aLmospher. Changes in Rrynol cl s number 
are oblainrd by YaryinO' th e tolal PI' llre. 

ExcepL for vapol'- Cl'er n t(' L , the wa tr]' conlent of Lhe 
air in Lhe 1- by 3-fool wind lunnels is maint a in I nl 1 ss 

~-----

z 

1 ~ I (;l· Rr" .1. COOl'd inal(' sy sl em fwd sign ('on\·('ntion .' 

lhan 0.0003 pound of watrr pel' pound of dty ail' . Co n­
eqll r nll~-, th e (, fl 'eel or humid i t~- on th flow i nrgl ig ib lr. 

MO DE LS 

Plan-form and end views of lh e models s Ludied a re hown 
in fi O'ure 2. Three ell ipl ic-conr bodies (B 2, B3, and B 1) with 
al b ratios of 1.5, 3, ancl6 had t he arne lengLll and ba e area 
a the basi circular con e (B )) . H ence, lh e finene s raLio 
of lld = 3.67 for the circular co ne was a l 0 lh e rquivalent 
fin n('. r a l io for the e eHip t ic co nes. In o rd r r to chr k 
the ('frecL of fin ell es ratio on th e ae rodynam ic cha racterislics, 
an add itional ellipti c co ne body (B l;) with an alb ratio o[ 1.5 
and a ~i neness rat io of 5 was also t urlied. 

In n,dclition to being tesLed alone, bod ies B I (alb = 1 , 
Ild = 3.67) anci B3 (alb= 3, lld = 3.G7 ) W re a l 0 le led wilh 
triangular winO' (WI a nd 11 2) of asp('cL ratio 1 and 1.5. 
, "'itlt the major cros -srcLiol1nJ axis (a) o[ bod:,- B 3 mounted 
horizonLally in Jin wiLh lh e \\ ing , tbr configu rat ions arc 
designaLed a B 3H\VI and B3HW 2 . With thr major axis of B 3 
ve r tica l lo the wing, lhe co nfig uration arr Ir ig nated a 
B 3VW I and B 3Vl iV2• The wing , ecLion were fl aL plales w ilh 
leading and traili ng edgr. beveled as s hown in fio'ul'e 2. 

All of the mod els wrre ting s upporl d from th e rear. 
Bodies B 3 ancl B 4 had p res ure orifice eli tr ibuLeci over l he 
s urfa ces and \\ err adaptahle fo r both fo rce nnd p re sure­
dislribution te Ls. 

TESTS 

Force and pressure-distribution tests . For cr clat a, we rr 
obtainrcl ill lunnrl no . 2 for all the models al fre - trE'am 
Mach numbers of 1.97 and 2.94. The Rr:nlOld number, 
which wi!-s main Lained co nstant for all tr. ts , was X 10° 
based on boely lenglh . ~\rea urr ment s of lifl , d raa·, and 
piLehi ng moment wrre tak n for a ng le of aLlack from 0° to 
about 16°. Th e elliptic-cone bodies werr tesled at anglrs 
of bank of 0° and 90° (i. e., for cf> = 00 an d 90" as shown in 
fig. ] ) . Th (' winged ellipti c cone were tesLed only with 
th eir wing aL cf> = 00. Ba e pre ure from' eighL orifi ce 
spaced arounci t h ' in s id e of Lhe ba e p erip hery of each body 
w ere mea Ul'ed by photographic reco rd ing from a multip lr-
lu b e man omrl er board. • 

Pressur('-di s Lributio n dala we1'(, obtained in lu nn el no. 1 
for bodies B3 and B4 at zero angle of allack and ~[ae h number 
1.97. The ur[ace pressure wore n1 easur cl by phoLog raphic 
r ecord ing from a mu llip le-lub e manom ete r sys tem. The 

_____ ~I·-
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repeatability of both forc and pressure m easurements wa 
checked by makin g reruns for several con figura tions. 

Vapor-screen tests.- To m ale th e yortices heel from the 
models aL angle of aLtack visible, th e "vapor- cree l) " m et hod 
(1' f. 10) wa used . ,,\lith this tecbuiq uc, wa leI' vapor is 
added to the tun nel ail' str am . This wa ler vapor co nd en es 
in th e wind-Lun nel te L eclioH to produce a fine fog. A 
narro\\- heet of brigh L ligh L, prod uced b~" high-illtensi t.' " 
m ercury -vapor htmp , i proj ec ted lhrough th e tunnel 
\\-indo\\ in a plan e p rpendicular to tb e model longitudinal 
axis. Thi s plane of lio'h t appeal' a a uniformly lighted 
cree ll of fog par ticle in th e absence of a m odel. However , 

with a model in the sLream, the flow abou L the model affects 
the l igh t ca Llered b)- lhe wa ter par ticle, and vortices heel 
from the model arc vi ible a dark spots. 

Vapor" creen les t were m ade in lunn el no. 1 for vari ous 
model a t Mach number 1. 97 an d a R eynold number of 

X 106
• With th e models a t several angles of a Llack, the 

vortex paLlerns were photograph ed wi t h a cam era moun ted 
in i Ie III \\incl tun nel 9 in ches downstream from the ha e 
of lhe models. 

Sublimation tests.- Anothel" m ethod of now "i uali zalion 
tha t was used was lh e subl ima ti on tcch niq ue (ref. 11 ) for 
determining boundary-layer tran itioll , fl o\\ epara tion, and 
vorlex trace on the urfaees of the mod els. The m odel 
of this investigation , which were ini tially pain ted black , 
were sprayed wi th a 4-percen t solu tion of acenaph thene in 
p troleum ethel'. This solution dries on con tacL with the 
model surface an d pre ent. a wh ite appearance. The wind 
tunnel j opera ted, and as the proces of sublima tion takes 
plaee with the m odel in the tuun el, evidence of boundar)"­
layer tran ition, separa tion , and vortex fiow appear on the 
m odel. R egions of high smfaee bear, such as t urbulenL 
boundary layers and vor tex traces, sho\\" I I p as clark area, 
whereas r egion of lamina r now a nci se pa ral ion remain whit f'. 
All sublima tion le t were m ade in tun nel no. 1 aL ;,1ac h 
number 1.97. 

RE D CT10 AN D ACCU R AC Y OF D ATA 

All of t iJ e pre ure-dis tributi on , £0 1' e, and m ome nL da La 
have b een redu ced Lo coeffi cienL form and arc referred to 
th e coordinate ystem shown in fl g-ure 1. T he base drag 
was computed usin g th e average base pre SUl'e and was 
subtracted from lhe Lotal axial-force balan ce m NtSurem ent, 
o that the data presen ted arc fot' force ahead of lhe body 

base. 
The aceuraey of tbe final data is a ffec ted b)" un certainLies 

in the m ea urem en L of Lhe pres ure , force , and m om en ts, 
and in the determination of the tream LaLic and dynamie 
pre nre u cd in reducing lh e da La to coeffi cient form. 
Th ese in diviclu al un certainties Jed to estima ted un ce rta inti es 
whi ch arc lis ted ill t he followillg table: 

Coefflci cnt I "Cn ccrLaini." 

± 0.00-4 
± .02 
± . OO'* 
± . 02 
± .02 

The valu s of angle of a tLack are e li ma ted Lo 1 e accura l 
to within ± O. l ° . The variat ion of the free-sLream :Ma ch 
number in the region of the te t model was Ie s Lhan ± 0.01 
at l\lach n umber l. 97 a nel le than ± 0.02 aL :Mach number 
2.94.. 

RE S ULTS AND DI CUS 10 

This section of tb e report is divid ed i ll to three pa rt : (1) 
experimell tal force and m om enL characteris tic; (2) com­
parisons of theoretical a nd experimcn Lal pre ure distribu­
tions, forces, and momen t ; a nd (3) v i ual ob ervation of 
Lbe flow over varioLl models. The experimental force and 
m oment characte ri s ti cs are pre en ted in figure 3 Lhrough 9; 
compariso ns of theory and experiment are pre ented in 
figures 10 through 17 ; and photographs and m easurem en Ls 
from the visual-flow t udie' are presented in fi gure 1 
thr ough 22. 

EXPE RI l E 'T AL fO RC E AN D 10 M ENT CH ARACT E RI ST I CS 

Effect of axis ratio (a/b). The erred o f cha nge in c'ros -
edional axis ra tio (a/b) 011 lhe ae rody namic characteristic 

of the elli p! ic 'o no, of fi ll elle rat io 3.67 i pro enled in 
figures :3 a nd 4 for ;, Iach numbe rs 1.97 and 2.94. For Lhe 
ellipti c co nes of figlU'e 3 a lld 4 tit , lenot h a nd ba e acea 
ar c con tan L; hence, in creases in a/b r esulL in i l1 crea e in 
plan-form area wi th the major axi , a, horizontal (c/> = OO) 
a nd decr ease in plan-form area with th major axi vertical 
(4) = 90°) . In view of this fact , i t is no t slU'prising tha 
wiLh in crease in a/b the lift coeffi cienL (which arc r e[elTe 1 
to base area) incr ease appreciably aL all angle of attack 
for 4> = 0° and decrease for c/> = 90° (figs. 3(a) and 4 (a)). 
The que tion arise, then, of whether 01' no t thc acrody­
nam ic cffi cicncy a cletenni necl by lhe lift-ch'ag ratio also 
can be mal'kc'dl)- in creased b)- in ereasillg a/b. From figure 
;~(c) allci 4(c) it is clear tha t , aL leas t t hroughollL t he angle­
of-alt ac k r a nge invesLigated, ignificanL ga in i ll li ft-drag 
I'al io can b e realized b.," inel'ea ing alb from I to 6. In 
fac t , b)" m ercl)" changing alb from 1 to 1.5 n. gain ill maxi­
m um L/D of abouL 25 perce nl re ults. Furthermore, in­
c l'ea ing (L/b from 1 lo 3 re ulL s i ll abouL a 75-p r ccnL i!l crea C 

in m aximum L/D a L 11ach number 1.97 anI in abo uL a 60-
perce nL increase at 1 1ach number 2.94. IL is clear tha t , ill 
mall)- case where a bod.,- of givell volume is required, iL can 
be aerody namicall y benefi cial to devia te from a circular cros 
. ed ion. 

The effecL of axi ratio on pitching moment and c nt er of 
pressure is hown in figure 3(cl), 3(e), 4 (d), and 4 (e). For 
an of the ell iptic COll e Lh e cenLcr of pre sure moves very lit tle 
with angle of a Ll aek . With t be m ajor axis horizontal t he 
ce n tel' of pressure cha nge Ii Ule with alb and, as [or the circu­
lar COll e, is located a L abOllL t it centroid of plan-form area 
for b oLh 11ach number 1.97 and 2.94 . However ) with Lhe 
COlle rota ted Lo c/> = 90°, Lbe center of pre ure moves rear­
ward from the centroidal po ition with increase in a/b from 
1 1,0 6. 

Effect of fineness ratio.- The e[1'eeL o[ change in fi neue 
r aLio on Lhe aerodynamic charac teris tic of ellip Lic cone of 
a/b= 1.5 is ill ustrated in figure 5. D a ta arc compared for 
body B2 of l/d= 3.67 an d boel.'" B5 of l/d=5 te. Lcd a t ;,lach 
n umber 1.97 and 2.94 . F or a ngie of at tack Lo abou t ° 
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tbere i little eIl' ct of finene s ratio 011 the LifL (fig. 5 (a)). 
At higher angle, however, the lift coefficient are greater for 
lhe more slender cone (Bs) . For all value of CL tbe drag 
o fficien l for B.; were at lea L 20 percen l ]o\\-e1' t han for 

B2 (fig. 5 (b)) . It i noL . urpri ing, then, thaL an increase 
in finene s ralio al 0 1'e ulLs in sub lan tially higher values of 
ma...,>;imum lift-drag ratio. (See fig. 5 (c) .) Al though the 
lift , drag, and pi tching-moment r esult s were affected by 
hange in fineness ratio , th ere was no eIT ct on center of 

pre sure, .rp/l (fig. 5 (d)). 
It is int eresl ing 1.0 note that th ere is an efrecL of ?-'[ach 

number on maximum iift-drag ralio ",hich depend upon 
fmenes ratio . For body B2 of l/d = 3.67 lhe maximum value 
of L/D decrease with increa e in ~Iach number from l.97 to 
2.94 , wherea for body Bs of l/d=5 the maximum value of 
L/D in crea es (fi.g . 5 (c)) . 
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Effect of axis ratio (a/b) and arrangement for winge d ellip­
tic cones.- For conical bolie alone it ha been ShO\\'J1 that u e 
of elliptic cros . ecl ion re ults in worthwhile gain in lift 
and lifL-drag ratio. It j not clear, however, whether s ig­
nificant o'ain aL 0 can be realized through the u e of ellipti c 
cross sections for winged conical bodie. The te t result 
presenLeLI in figure 6 through 9 demon trate that important 
aerod:vnamic aclvantagrs call be obtained throngh propel' ar­
rauO'ement of an eJl ipLic bod.\T with a triangular wing. For 
instance, it howil in figures 6 and 7, gains in lifL and large 
gains in lift-drag ratio re nit from u in O' an eUipLi c body 
(a/b= 3) with the major axis, a, in the p lane of an aspect 
ratio 1 wing in preference to a circular body with tb e arne 
,,-ing. ( ompare re ult for B 3H W 1 and BlI ' l') Ho\\-eyel', 
with the elliptic body ro tated 90 0 so that Lh minor n.xis is in 
I,he plane of the \\' i ng (model B3v'II I), a los in lift-drag ratio 
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FlO U RE G.- Effect. of change in axis ratio (a/b) and arrangement on the aerodyntlmic characte ristics 
of ellip t ic con s with wing of a pect ratio 1; j\{", = 1.97. 
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FW URl; 7.- EfTcct of change in axi ratio (a/b) a nd arrangement on the aerod~' namic characteristics 
of elliptic conc wjLh wings of aspect ratio 1 ; lIf ", = 2.94. 

re ult. The gain in L/D for BmWI and los in L/D for 
Bw WI is primarily attribu table Lo di.f:ference in drag (fig. 
6 (b) and 7 (b)) . Becau e of Ie we tt.ed u dace area an i 
hen ce les kin friction, B3H WI ha sli o-htly low l' drag at zero 
lift than the oLher configurations. 'With incl'ea e in lift , 
B31I WI sLill has the least drag, but the difference in drag be­
l\n'en Lhe model iucrease , result ing in a ignificanLly higher 
value of maximum L/D for B3HWI than for B ,W , or B3V'VI. 
For lhe arne bodie wilh a wing of aspect raLio 1.5 insLead 
of 1, the clifl'erenccs b tween the maximum lift-drag ratio 
are diminished. (ee fig . (c) and 9 (c) .) However, lhe 
re ult till ignificantly favor a bod~- of elliptic cro section 
with the major ax! in the plane of thc wing. 

The maximum lift-drag ratios were higher for the ellipLic 
cone \\ itll major axe in line with the wing , primarily be­
cau, e th e? ha.Ye Ie zero-lift drag and develop Ie draO'due 

to lift. It i believed that Lh lower drag due to lift can be 
attributed to les vortex drag associat d with the formation 
of vorticcs at angle of atlack. From vi ual ob ervatiol1 of 
t.he flow over the model by the vapor- creeH technique, it 
was fOlUJd that, at lea t for angle of attack from 0° to about 
10°, the formation of vortice was inhibiLed more witb Lhe 
major axis of an lliptic cone ill line wiLh a wing (modol 
B3HWI) than perpendicular to it (model BayWI). Vortico 
appeared f 0 separate from Bay WI and BIWI at low 01' anglo 
of attack than from BmWI. It is interesting Lo noLe that, 
a shown in the vapor- creen phoLoO' l'aph of figure 20 (a) to 
be di cu sed later, the vortices hed from B3V"VI and Br WI 
at a= 10° appeared Lo be more completely formed and rolled 
up than tho e for Bm WI' A shown in figure 6 and 7, the 
drag due to lift is hio-her for B3V WI and B1W, at a = 10° than 
for BmW,. Apparentl~- becau c of better st l'camlil1ill 111 
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FrG URB 9.- EffecL of changc in axi ratio (a/b) a nd a rrange ment on t he aerodynamic characteri tics 
of Ilip t ic cone. wi t h wing of a p ct ratio 1.5 ; M ", = 2.94 . 

Lh e cros Iiol\- plane, the vortex {ormation is inhibited and the 
drag due to lift i reduced with the major axi of the ell ipti c 
oll e ill li ll e with the " ing. 

COMPAR1S ON OF TJ-I EORET1 CAL A D E XP E RlMEN1'AL PRESS R l!: 
DI 1'RlBU1'IO S, F ORCE, A D MOME 1'S 

In tbi ection of the report, tb eoretical method of esti­
mating the aerodynamic characteri tic are asse eel b)- com­
parison of theoretical re ult with experimen tal data. All 
compali on are pre ented in figure 10 through 17 and arc 
eli Cll cd in tbe following parao'!'aphs. 

479518-59--3 

Pressure distributions and drag of elliptic cones at zero 
angle of attack .- Fol' elliptic ('one of alb of 3 and 6 (B 3 
and B4) theoretical and experimental pre sure distributions 
for a Mach number of 1.97 are compared in figlU'e 10. The 
pre m e oefficients are plotted as a fun ction of lateral dis­
tan e, y/a, OVOl' a quadrant ot ach cone. The fact that tb e 
Itow was conical i verified b)- the m ultiple experimental 
point at several yla po ilioll which were obtained at differ­
ent longitudinal positions. The compari ons show that 1 cst 
agreement of t heory with experiment i obtained Llnough u e 
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FlO UR" 10. Comparisoll of the rctieal a lld ex perim cnt a l prc;; ure 
di tributions for r llip! ie cones aL zero angle of attack; 111 a> = 1.97. 

of Lue second-order lender-body theory of Vall D~'kc (ref. 4). 
Both the l ender-bod~' theol'~- of reference 1 and 2 and the 
1l0L- 0- lender-body theory of reference 4 result in pre SLU'e 
coeffi cient which are lower than tho e of experiment. 
Rogers ani Berry (ref. 9) al 0 found the agreement of econd­
order sknder-body theory \ iLh experiment to be quite good 
for ellip tic cones having even highC'r ratio of a/b. 

~------"""' --- -

Experiment 

o Fr om force measurements 
o Fr o m pressure distribut ions 

Theory 
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skin friction ( ref.12 ) 
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Fro lJ R" 1 J .- Effect of change in axis r",tio (a/b) on the zero-lifL drag 
of ellil)tic cones. 

A stud y of the effect of cliano'e in axis raLio (a/b) on the 
zero-lift drag of ellip tic cones i ummarized in figure 11. 
The experimen tal 1'e ult how that for the e cone of eq ual 
volume and finene ratio the drag r emains essentially COI1-

tant wiLli change in axis ratio (a/b) at both ~!Jach number 
l.97 and 2.94 . The boundary-layer flow over the model 
\Va mo tly turbulent a shown by Lhe sublimation result 
(to be discu ed later) and a indicated by drag mea me­
ment with and withou t a transition ring at the no e of 
models BI and B3 • A cell in figure 11, the zero-lift drag is 
adequately predicted by the addition of turbulent skin fric­
tion (ref. 12) to pre ure drag calculated by eco nd-ord er 
slender-body theory (ref. 4). For the circular cone (B1) Lhe 
clrag is also closely given by the addition of turbulent skil1-
friction drag (ref. 12) to pressure drag by Taylor-Maccoll 
cone theory (ref. 13) . It i noted that the increa e in skin ­
friction drag with increa e in alb (beeau e of greater wetted 
swJace area) is ju t large eno ugh to nullify th e drag saving 
from the clecrea e in pre ur drag . 

Forces and moments for elliptic cones.·-TheoreLical and 
experimental force and moment cbaracte ri tic for elliptic 
cone aL ~!Jach numbers l.97 and 2.94 are compared in fLgure 
12 and 13. Both lender-body theory (ref. 1 and 5) and 
lin earizC'ci wing til eory (ref. ]4) have beell 11 eel in computing 
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t ile theo retical yalue of lift , drag, and pitching-moment 
coefficient sho \\"n. J n computing tlte drag coefficient at 
a ngle of attack, the following expre ion has bee n u ed: 

(1) 

where 

Tili r elation hip results from a uming t1lat (1L va ric lin­
earily with 01 ancl that there i flow separation along the lead­
ing edges wilh complete 10 of suct ion [orc. Theoretical 
value of ('D have been computed b)T a uming d('d dOi to be 
O" iven both by slender-body thcm.\' a nd by lin ear ized wing 
theory. A eli cu sed in t he preyiou ec tion , t he drag co­
efficient at zero angle of attack (GDO ) was computed from the 

addition of turbulent kin-Irid ion drag (ref. 12) to pre ure 
drag by econd -order lend er-bod~' t heory (ref. 4) . As 
shown in fi gu re 12 and 13, the ag reement willl experiment 
of th e force a ncl moment cil aracteri tic computed b )T means 
of linearized wing theoryi generally quite good, especially 
for a ngles of aLLac ldrom 0° to about 10°. 

Tn figure 14 theoretical and expcrim entallifl-curve lope 
arc com parcel . R esults arc cOlTelatecl by plotting the par-

ameLer of lif t-c urve slope, ~ (d~[)(~:) as a fu nct io n of th e 

ratio of leael i ng-edge slope to ?-.Iach wave lope, (3 tan e. Ex­
cept for bodie B3 anel B4 at cf> = 90° and J1",= 2.94, the experi-

Plan - form and end views 

1.0 I ! 1 I I I V..f---+---! 
Slend er" bo dy th eor y_! V 

I t VV --
f-- / / 

-:Z--, ~ lL' U V I '-L inearIZ ed wing theory 

.8 

ili
6 -i ;.70 c - ~--- -

CQ I..r .4 ,,,," 
~ [) ro .. 

- ! 
.2 LJ{ -l--l--\--t--+--t---t 

V . -r-

Oo 

-I--

.2 .4 .6 .8 1.0 1.2 

Subsonic L . E. -t--- Super sonic L.E . 

B ton € 

F JG fiB H .- Comparison of Lheoretiea l and experimenLal lift-cun 'C' 
slope for elliptic cone at l\Jach numbers 1.97 and 2.94. 

mental daLa ag ree closcl,\" \\"ith l inearized (flat platC') \\' ing 
theory. Bodies B 3 (a/b= 3) a nd B4 (a /b= 6) bank('d to 
<fJ = 90° arc ve ry Lhick in th e lift direction , and at J[",= 2.94 
their lih -eurve lopes arc co n ielerabl.\" hig her than thos(' 
given b~' either lender-bod,\" or lin ea ri zed wing theory. 

The nonlinearity of the ex perimental lif t a nd pitching­
moment curves (fig. 12 and 13) , \\-hich become more evid ent 
at angle of aLtack gr eater than about 10°, probably t'e ulls 
from visco u ros £low eparation. Allen (ref . 10) ha s ho\\'n 
that fo r slender bodies of revolution an allowance for vi co us 
efl'ect can be computcd . Thi is done b)' aclclinO" to the lift 
computed by 1 ncler-body or linearized Lheo['~' an addit ional 
cro silow lift atLributed to the separation effect of \' i co iLy. 
F lax and Lawrence (ref. ] 5) have uggesteci the ame pro­
c cl ure for low-a p ect-ratio wing , and the re ulLinO" exprC' ion 
for lift coefficien t is 

/Y _(drL) +n il p 2 ( ·L - - 01 { d a 
dOl lin ea, < A b 

theoTY 

(2) 

wb ere rde is tlte drao' coefficie n t of a L\\"o-ci imensional C,dinci er 

of equivalent ero eclion placed normal Lo a tream at a 
:'1achnumber of lit", s in 01. F or the ellipLic co nes of this in ­
vestigation, th e lift is greaLl:\" ove resL imated by the usc' of 
equation (2) . '1'0 ill ust rale this facl , LhC' lift for thC' circula r 
con e (B 1) computed u Lng equaLion (2) i comparC'd wi th 
experiment in fi gm e 12 (a) . The u ual circular C'~ 'lind e r 
valu e of ('dc= ].2 wa u cd . RoO"er and B elTY (ref. 9) in 

t heir s tudy of ellip tic onc of highe]" rat io of a/b al 0 found 
Lhat equatio n (2) lead to lift coeffic ient larger than tho e 
g iven byexp riment . 

AlthouO"h the lifL and pit chilw-mol11cnl re Lilt of fi g ures 
12 and 13 how mo lerate nonlinearit), wiLil increa e in O! , 

the data can b imply co rrelated a shown in fig ure 15. 
H ere the l ift a nd pitching-moment coeffi cienL for Lhe C'lli ptic 
co nes arc cli \rided by the corre ponding coefficienL for th e 
eq uivalent circula r co ne, and the ratio ar plotted a a fun c­
tion of 01 . The result of the eon'ela tion ckmon trate thal , 
in O"e ner al, GdCLB1 and G'''/(''''B

j 
remain co ns tant with change 

in 01 . Except for the ell ip t ic cO ile of a/b= 6 (B4) at :'Iach 
number 2.94, Lhe lif t a nd moment ratio a rc given reasonably 
well by l inearized wing theory. 

Effeet of axis ratio (a/b) on maximum lift-drag ratios of 
elliptie eones, - The effect ofaxi rat,io (a/b) on the maximum 
lif t-drag rat io of elliptic one can be r eadily compu ted. 
From equation (1 ) the maximum lift-drag rat io j gi\"en b,v 
the relation 

(3) 

If for cone of give n fineness rat io it i a umed that ('DO is 

consLant wit h cha nge in a/b (a sugge ted from the re ult 
of th e pre en t experiment ), then the rclati\'e effi cienc,\" of a n 
elliptic co ne Lo a circular co ne j expr essed by t hr l'rlat ion 

(4) 

I 
I 
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For lender-body theory thi ratio reduce. to In figUTe 16, computed value of (L /D )1f£ and (LjD )If£/ (L jD ),uB 

ince 
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1 

arc compared with the experimental results for the co nes of 
fineness ratio 3.67. The computation were made with 
valu es of CL gi ITen both by slender-body theory and linear­
ized wing theory. ince, a was sho\,n ill figUTe 11, the 
zero-lift drag wa almost constant wi th change in alb, aver­
age C)cpel'imenLal values of CDo oJ 0.0 6 al 111", = ] .97 a lld 

Eq. (3 ) wilh CL by: Exper iment 
- -- Slender-body theory 0 Mro= 1.97 
- ---- Li neor lzed wing theory 0 Mro=2.94 

, .. Mro =2.94 ~-
I--

.. "CO =.073 __ 

--- ~-\ .'::,v-- ___ 1.----~ 
V b;; ~ ~---
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Ax. is ratio. * 
F I GC RE JG .- Effcct of ,\xis rat io (a/b) 011 maximum lift -drag ratios of elliptic cone. 
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0 .073 aL JI",= 2 .94 have been u cd in the calculatiolls. In 
general, the agreement of theory with ex])er imenL is good. 
the besL agreemenL being obtained \\~iLh linearized wing 
lheory. In the lower ploL of figure 16, hoWe\Ter , thl' com­
pari on how Lhat Lh· relaLive efficiency of an ellipti c to a 
circular conc can be cIo ely estimated by means of slender­
body Lheory (eq. (5» for moderate valu e of alb (of the order 
of 3 01' less) . 

Forces and moments for winged circular cones .- For a 
lender wing-body combination consi ting of a triangular 

wing mounted on a cil' ulal' cone so thaL Lbeir vertices 
co incide, the lift coefficient i g l\Ten by the lender-body 
metho(lof 'preiler (ref. 16) a 

(6) 

where 

{ 
d } d 4 1d d 2 d 22

' 1 Ii 0'=1+(- ) +- -[1-(-) J-[l+(--) J 1Il - - 2 
28 271" S 28 28 l+(~) 

28 

It has been hown (refs . ] 6 and 17) thaL the lender-body 
method of preiter can be modified 0 as to give re uHs 
comparable to lin ariz d Lheory. For wing d circular cones 
Lbis i nccomplished merely by mulLiplying equation (6) by 
a modification factor A. Thi factor is the ratio o[ the lift 
of the wing alone by linearized Lheor~" to the lift by 
slender-body theory and is gin-'n by 

1 ~ 
A= (~==- --); (3 tan e::::; 1 I 

E ,1 - (32 tan2 e ~ 
(7) 

A= (3 t
2 

; (3 tan e ~ 1 J 71" an f 

By applicaLion of Lhe factor A to equat ion (6), Lhere is ob­
Lained 

( ) 

ince the cenLer of pre me is aL the centroid o[ plan-form 
area, Lhe pitching-moment coefficienL is given by the rC'lation 

(9) 

In figure 17, Lheol'etieal and experim ental force ancl 
moment characteri tic of w·.inged circular COlle are com­
parcd. Equations ( ) and (9) wer used to compute the 
lift and pitching-moment curve , and equations (1 ) and ( ) 
to compute the lifL-drag polars and ratios. The drag at zero 
lift wa e timated by the addition of turbulent skin-fri ction 
drag (r ef. 12) for tIt en Lire surface to the bocly pressure drag 
obtained by second-ordn lender-body theory (ref. 4). The 

agreement of Lhe computed results with lhe experim Iltal 
data is good for angle of alta k below abouL 100. A yet , 
Lhe detail of a theoretical method for computing the aero­
dynamic characteristics of \\~ingecl ellipti c con hay not 
been worked ouL. Ho\\-ever , hecause of the do e agreem nt 
of the experimental lifL and momenL cJJaracteristic for 
winged circular and ellipti cone at angle of attack to 10° 
(figs. 6 Lh rough 9), the method for \\"ingeel circular ones can 
be Llsed for winged elliptic cone. 

VIS AL OBSE R VA TlOI S OF FLOW OVEn MODEL 

To supplemen t the force and momen t r'sulls with stuclie 
LhaL aiel ill givin o- a phy ical representation of the flow, 
vapor-screen and sublimation te t were made for the models 
at ;"Iach number] .97. Photograph and measu rement of 
the re lilting flow paLlerns arc pre ented in figures 1 througll 
22. A menLioned previously. llle Yapor- creen picture 
were taken \\-ith a camera mounted in ick the lunnel ju L 
downst ream of the model. Th e picture of the model from 
the ublimation tests were takell immediately roUo \\"ing 
tunnel hutdown. 

Vapor-screen results.- In the photograph of figure 1 , 
base v iews of bodies B I, B 2, and B3 howing vorLice arc 
pre entecl for a = 100, ]5°, ancl200. For the e picture Lhe 
light pla,n e inter ected the model axi aL abouL .c = 0.7l, and 
part of the Dow field wa in the shado w of the model. In 
figure 1 a symmetrical pair of vortices i hown above each 
model. These vort ice , ,,-hich orio-inate aL the no e, were 
ob ervecl Lo grow in s ize (and pre llllably Lrength) wiLh 
travel from Lhe 110 e to the ba e. .\t each axial length 
posiLion , it wa found that the izes and positions of Lhe 
vort ice relative to the body CL'O ect ion were pm tically 
the same. In figure 1 it i seen that tJl s izes of t he Yortex 
J'egion increa e with increa e in a from 10° to 20° . The 
vorLex region also fl atten ou t and move outboard relative 
to th body vert ical cenLer lin e wiLh increll. e ill alb above ]. 

The photograph of ftgUl" 19 (a ) and 19 (b) are pH' entrcl 
in order Lo demonstrate the effect of angle of bank on the 
vorLex region a ociated with elliptic cone, at a = 15° ancl 
20°. For all case Ludied, as the model were banked from 
ct> = 0° Lo ct> = - 45° Lhe right ,-ortex region appeared to 
flatten out and lie nearer to the hody urface. 

In figure 20 pictures of vortex pattern for the winged 
cone of aspccLraLio] (BlvVI, BmWI' and B3V\VI) arc showD . 
The e picture were taken ,,-ilh the light plane aL about the 
base of each model. A for the elliptic cone wiLhou t wino' , 
the vor Lex regioDs above the ,,~ingecl cone increa e in size 
with increa~ e in a from 10° to 15° . With a kepL con LanL 
at 15°, Lho righL vortex region QaLLen out and moy s nearer 
o the model uJ'face wiLh change in ct> from 0° to -45° 

(fig. 20 (b». omparison of these pic Lure with Lho e for 
the bodies alone show Lhat Lhe addition Lo a body of eyen 
lo\\~-asp ct-ratio wing results in considerable outboard and 
downward moyement of the vortex r gions; for instance, 
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82 A 
E=1.5 LJ 

o 

</>=-22.5" 

(b) 
A-24056 

(b) ", = 20°. 

Flc L, It!!: Hl. COllc lud ed. 

compare 1he pictures for Bl jn figure 1 with tho c for 
BIIV1 in (j gure 20. From tllC'se ob ervalion , iL appears (haL 
bod.\' vortex interferen ce with a verlicnl fin or a ir-breathing 
('llginC' mounted a bove a body call b e redu ced by extending 
low-a peel-ratio wings all lhe way to lh e no e. 

' /\That i ' believed Lo b e econcJary v rLex flow belo\ a nd 
oUlboard of Lhe main vorLex regions is inclicated in som e of 
tJle photograp hs of the models at a = 20 0. Thi is especially 
evident for model BmWI at a = 20 0 in figure 20 (a ). Thi 
secondary vortex flow also has been ob eJ'vee! for delta wings 
aL s upersonic peecls b y Drougge and Lar on (ref. ] ), 

Sublim ation t echnique results .- Tran ilion, eparaLiolJ , 
ane! vor tex regions for model B l , B 2, and Ba arc shown in 
Lhe photograph of figurc 21. Top, siel e, an 1 bottom views 
[01' the model at an angle o[ atlack of 15° are pre ented. 
As seen in Lhe bottom views, the boundary-layer flow ove r 
Lhe model wa mo Lly turbuleD L, the laminar region h eing 
limited to the white area neal' the no e. In th e side view a 
lin e indicaLing (low cparation j hown for each model, aDd 
in the top view ymmetrical vortex traces arc visible. 
Although not clearly evident in the pictures, the separaLion 
line and vortex trace extended almo t linearly from the 
no (' to the base of each model. 11ea Ul'ements of the sym-

metrical separation and vortex posiLions at the base of all of 
the body models of l/d = 3.67 were taken. In figure 22 the 
separation and vortex positions arc ploUed a a function of 
a/b. It, i seen that for a/b= 1.5 with the model ban.ked 90° 
so LhaL the minor axi is horizontal, the eparation line and 
vo rtex trace arc 10 e Logether and neal' Lhe Lop of the body. 
'IiVilh Lhe model unbanked (1)=0°) 0 LhaL Lhe major axi is 
itorizonLal, the eparation and vorLex po itions ar c farlher 
apart and nearer Lhe ides of Lhe body. For unbanked cone, 
wi Lh alb gr eater than 3, Lhe flow eparation posi tion al'e 
e, entially at the ide of the body, anel the vortex Lraces 
arc about midway between Lhe side and the top. 

CONCL SIONS 

Aerodynami c eharacteri tics of elliptic cones alolle and 
with triangular wings have becll m easured for .Mach number 
1.97 and 2.94 at a Reynolds number of X 106

, ba cd on 
model lcngtll. Cone having fincne ratios (tid) of 3.67 
and [) and cro s-secLional axis ratios (a/b) from 1 through 6 
have been (;onsidered 1'01' angle of bank of 0° and 90°. 
I n a Id i lion , a stud y has been m ade of cones of l i d of 3.67 
and alb 01' 1 and 3 in combination with wing of aspect raLio 
1 and L'i. An analysis of Lhe 1'3 ulLs h a led to the follow­
ing conclusion : 

1. PrE's ure eli tributions ov r elliptic cones at zero inci­
dence can b e computed rea onably well by mean of Van 
D yke' second-order lender-body theory. 

2. For a cone of given linene ratio at zero lift, the pj'CS-
ure drag deCI'eas s with incrrase in cro -sectional axis 

ratio (£/b. However , wiLh a turl ulent boundary layer , Lhe 
skin friction incr ea e enough that the pre m e plu s skin­
fri ction drag remains practically con tant wi lh inerea e in 
a/b. The foreelrag can be compu ted accLlratelv by the addi­
tion of t heoret ical skin-fri e lion drag to pre Sl lre drag p r('­
d icLed by ('cond-orc/er slend er-hody titeoJY. 

3. WiLil lite major cros - eclional axi 11OrizonLal, incrC'a l' 

in axi ratio alb resulL in large gains in lifL and lift-d r aa 
raLio. The e gain can b ~ compuLed 1'e;.l oDabl), well by Lhe 
1I c of linearized wing LJleory. 

4. For a given cro - eclional axj ratio alb, Lhe lifL-d rag 
ralio increa e with increa e in equivalenL finene . raLio. 

5. For wing-bo ly eombinaLions, a body with an elliptic 
('1'0 ection in tead of a circular cro ('eLion appeal' aero­
dynamically advantageous. 'Vith triangular wings (asp ecL 
ratio = 1, l.5) mounLed on cone (1 Icl=3 .67) 0 Lhat their 
ver tices oincide, higher lift-drag raLios re uIL from aD ellip tic 
cro ection wiLh major axi in line with the wing than 
[rom a circular cro section. However, a d cr en e in lift­
drag ratio l'e ulL from an ellipLic cro section wiLh Lhe minor 
axi in line with the wing. 

6. :For Lhe cone alone and wiLh t riangular wing , shifts 
in center of pre Lll'e with ·hanges in angle of attack and 
~ [ach number are very small. 

7. For winged circular cone, Lhe theOl'eLical 1'e ults of 
NAOA Rep . 962 can be modified Lo give good aorcement with 
expeJ'im en tal r c ul ts for angle of attack b elow abou t 10°. 
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}i'HiURE 2 1.. Pholographs or l' llipli c co n('s tak(' n rollol\'ing . ublimat ion l('sts or models al a = 150 ; ,11 .. = 1.97 . 
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F[ (JUR E: 22.- EfT('ct of ax is ral io (a / b) on s(' p:lmt ion and \'or[rx lr;I("f'S 
a l P fU' in p,onc llipLiccon 8ala = 15° ;L/d = ?'.G7, M .. = 1.97. 

. Visual bounCi a ry-layer fl ow stuCii e inC/i caLe LhaL, fo r 
ull bank d e-Uiptic conc aL angle 01' a tt ack, a pail' of ym­
me-t rical v rlice Lar L aL the no e and Lrace a lincar paLh 
Lo Lhe ba c. Th c vorlice increa e in size wiLh Lravel 
from Lhe no e Lo Lhe base. 'rh flow pal'a tion line fr m 
which Lhe vor tice arc Jed al 0 trace an es enlially linear 
paL h alono- the- model urIace. 
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