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Experimental Study on the Hypersonic Aerodynamic
Characteristics of Spherically-Blunted Cones
by the Gun Tunnel

by Kunio Soca and Nobuyuki ONoODERA

Abstract

The drag of a series of spherically-blunted cones made up with three classes of half-vertex
angle and five kinds of nose bluntness are measured using the force balance in a hyper-

sonic flow obtained by use of the gun tunnel.

The flow Mach number and Reynolds number,

based on the model length, are 13.6 and 1.2 x 105—2.4 x 105, respectively. The measured drag is
corrected for source flow effect using the measured free-stream Mach number distribution
around the model, because it is measured in a flow obtained by a conical hypersonic nozzle

and comprises the effect.

The viscous effect is also evaluated by the method treated in this

paper, in order to compare with results of theoretical inviscid drag. The pressure distri-
bution over a blunted cone in inviscid hypersonic flow, which is obtained from the ex-
perimental results of drag of the blunted cones, is compared with results of the inviscid

hypersonic theory and other experiments.
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Xwn ).

+ cos f¢

2T, Sy, SexA#ESHORHEI T NERERT,

Ry, Xn IR ORMER S LCHH#ESIR L O

BETO ¢ BIEETHS, REES p—bde 13
SEATIR R L Tk

b _Qw-k-cost@ - nose } .
P })m-—qoo‘k'sir)2 00 ...... frustum (5-1-5)
BHRHE T
P—P. _((Ioc +4g)- k-cos¥(f+¢€)------ nose }
*= (@eo+4g)- k -sin¥(Bo— £)-+--frustum

BEHRIEN R X 3 ENETREROEER ACp, 1T

HhTORENIEFERE (Coi, p) LIFRIEWTCOEN

EHRERE (Cpi, 8) OETROLS>TEKDES,
4Cpi=Cps,p—Cpi, s

1
=3, {S~n(Cpi, p—Cpi, s)nose
B

+(SB—SN)'(CD-[, P—CDi, S)fmstum}

—fRi, FOmsLOThAE e i/hX <K, X, Rk
THER : MIEEAE & OEASE COMES X & AHRIE
DA D HEMTALER E COME Xo & Ol Xa/X,
AV, Lo T (6.1.8) RoERERMES & (5.
1.7) it (6.1.9) K& 15,

cos e, coslex~l1

2 . ~
smm*e, smeE——, X ~ 0

L] 0

+%-(1 —5 sin! 8o+ 4 sin’ ;)

-i-%% +(5 cos? p—3 cos® 00)}

sin? @, 3L s2sineg
+2k( Rg:.cos 0.,) szv( tan G, +A:c+Br)
I—Sinﬂu
x(x+Rw- s )dx ------ (5.1.9)
leR i &
sin e=7. {(Xp+2)2438}-1/1 ... (5.1.10)
r=x-tan 0c+RN‘1——’§‘1‘%"""(5.1.11)
cos G¢

(5.1.9) ROE 1 FJIRRFEHROLER, H2HIM
HAMOBIRETHS, ¥, FHOE 1~3 HiXx
NERFTR>SOTHA ¢, 7 XLVEBIKIR - RBE
{t, BHFROBELELOBEERYEDL T, ENERE
KT b= .— b VEROKFIERE L, 13 2 THS
%, EECREAERCI-TELRES, L,
F—BR iR 5 R REh S XCETRTD & O
HiI—EE B850 T, 4Cpi & Cpi, p DILE LD
i XoT k EETE, EEHECHLTRAER
FhOMBEXEETIHAIT b OERXERTOL
B,

L EOBFR 26 - TEHE L &SNk OB IE
HAOGERELE 2R LA, TeRBRRALXSKRE
EEEFENEC L TESNHEE LTEERERZF
il 0T, £EMECHS L THRARROEERS
RLTHD, COETFRRIEREOE 6~10% TH
%,
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52 B EHR

R RS G (Cor) ZEHRREILMH#S
sl tEx, ®RRXTtEDT,

Dy

G»*Sa

CD]‘=

cm+——s C/™ cos B dS -

Sk srrus:.um

:Cf,@$ REERIRBESR ORI 2 S HRHUER S
T CTY RM#EAWoHHRCBGRSY bh R
REBEERETH S,

BRIREAED
M#EAMOEHA LB/ v T, RIRFEKZ
BRE L L, Kinslow & Potter!® oIkizxdd 5k
PR L RS2 - CRIRER ORI E-S<
PR FHm L T4 D,

C%O;ezCSD]Jhem_(}?bp)’?em

= Ki(Re2,a) 12+ Ks(Rpa,a)!  -+++- (5.2.2)

T Ky, Ksiz=o~HEEA=v2LE—DREK
THY, Rae WROEFLZER LALEEHRRETIR
DvA 7 NAETHD5, YERFH TR ERCRARID
(6-2.2) ROEHE K1=24, Ks=—10Tvr 4 /X
2 Rera/cm=9.3x108 THBH 5 CpP REHT
sz Eibh»b

] =yl
BESERFPOFE VL E b OMEKORERTO
HRHED, DRROREXS X EASEECHL+
/N E L (cold-wall) SERBOE S0+ 7ridv GEBE
MR &AL BHEMHTR, TR 5 Himk
MRt hie Blasius SOEERE BB R &%
Mangler ZE L TRkdD B Z L 3T E B, ¥ 7, cold-wall
DEUEDBEINEVIESTLERTBEL—EThhiT
Cohen & Reshotko & DRI 2 -~ THETE 5, ¥
RIBLERERFEOTHLMEC L TR, Zo
FHR X > CEEENBEL, LOENOEERE
OFRFZEELERBEIZHEAI LT D ER
BARAOIERNOREBIZELTLEIRELD S,
D XS5 IR T S AR & 6 o ORSMERET
ERETDHZERTERY, FEWERREZIEC LK
BT 2 — 2 (Veer) OffEi#t 0.15 D ETR TS &
SERBERPEE L XRELR Y, ZOMEEIE
BRI TTHIC b L SBFEENIEMLE
ZBLERB 5,
AEBREGIMERELECLERRVA /A XK
24x10°5 TREBEETH AT A—% (1) OEHEI
5.8 Td5, LidioT, EREBRIBHTHEVTHE

-(5.2.1)

1 (strong-interaction) K#HM4T 5%, Lo L, HEkESL
FIC LK T A — 2 DfEIX 0.03~0.04 L/,
DX 5 EBAR, FEENKIUIRIBRIEHIC
HU+HAIL Thg el L s v Z & X SR
DIRETRYE TE D 2 2% Whitfield ¢ Grifith &
HEREREL D IIRLTVWS, Lhd o TZ 2 TREM
BRI O LR MT 5 2 & T L, Kk e (5.2.1)
ROALFE 2HDO L S wEDb Lk, MR BmETE
FECLELZORTOERBE S BEHTERVER
LENDEDE R OIS T, FHROBAR
REREGRE> DMk RFEERERE kD 5
7o D Mangler ZHUI A TE RV, AERTHHHE
SeuifE vt Mangler ZEZIEL KEBTERV,
L4 L A#ESROREEEEIRZ ko 2813 Mangler
ZfEBEATH L X BRERDTVOIH 1,2),

Lie®oT, T CRAERORBIRmEBERERIT
AR D R R TR 4R 30 ic Mangler Z5#fiic X 5 HE
¥ V3 RFLTRkHONE O ELRT,

Cyoome — 1/Bcjpla.ua ,,,,,, (5.2.3)

FEROBFEHERERR T TRR LA XS KEE
BEH TRV THEB CORBIEREER > L FHE
THOPEE LV, Moore!® i3 stpyir MIDIARIC T b
m;é%ﬁ&ﬁ@%%%ﬁﬁb&ﬁ@@%%ﬁbto

C plate / P°° \/ f” (O)

f70) ZRFBORVKRETOTFRKREOEE AT,
Z et LU Tix Cohen & Reshotko® pis¥fmicstE L
T,
WARKERE 2 ZR L iy FISER T ORAE %
TDENTE 7= Moored £ X - THU»RTED,
Nk 21 OS5 EE LRROBEHTH S,

£=%~0.664(7—1) VIGFD(142.60 Tw/ To)

Pe/P00 -dx

P

X[ X*—3.60( VX*X*— VXHX¥)]y
2T, X* REPTHROANbCE S FHRERRIB -
o o BIZOLEBERET, RFE fLs3thThEE:
v 2 —-DETFHAUANLREKRT S, 2hdRK
itg)%%%i) 2 “Cll\éo

X?VX*:(L+ar;l>4 ------ (5.2.6)
X;*/X*:l—i——;%[x/l-l-a(y’—%) —1]
...... (5_2.7)
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(A)
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Apex

i%\i@ oo 28

(B)

K 16

2T, a IEEREBEORET, XATELIN
5,
Tw

a=l+2.60—7T

K 2/ A THELNIRROFEEMITEVO
T, KERER—FEA%E5, Lo TLidoM
FRREE > TEROFAIREEER G, BbMH#ERD
PR HEERRAHET 2 LN TCE S,

SRS 2 NS WG, SETAMISER R SV FIERR T
FE 2 (X 16-A), HRRER L HESHOEAR P
P OHBEHEATL, (5.2.3)~(5.2.8)R% (5.2.1) AD
HIOE 2 BICRA L TH#ESROMEET (REER
BH) 2HEETHENTES,

IS X BAEIVWEE, ZOX SR EREY TR
W, ZZTRUTRRTHER L - THRREHOM#
BREMREEBARRI S X 5 E LT PANICEHE L
oo ETIHRIGHI L AMEESHOESS P CREME
HERRRIERTH S LIRET S, FEMREERZ
v, RREHOL P CoORMREEERKE SH
L oML L FIEAO MR L RS, Z DOM#EK
THRREBLZ L E» 25 (H 16-B). MESHOKH
HIOHEIEE 2 OTh I 5XRAAREXDOR
WIRERETIE, HERMIMI VA L RRREE
FHETRDZ L LNTED, Ik, RREBOELH
PrtoRmEmEBEEHRKDOFTE L Rott-Crabtree @
RioH T o EREERERW 2 5, Th, Hf
iR AsERE, FiROBMRMERARRICY T 5IEE#E
HORERIY % Mangler Z L, TORMEREER
BREBEKRDLESE P CORMERBEGKL

""“(5-2-8)

FLARD2E5BMHBEORZIZRDEILT I T
WEL T,

LAED B - ToRod o & SUSAM Sk O ¥ 354t
DIEIFER 2R LA, ZHHITEED 4~14% i
R
5.3 JEHMENEHEENS T

BIRAERTHESh TNEER TR
SLENBRARYEBIEL, SOHKERNCEZEINL
KR D E R L TIRE L A& SEHM SR 0 — BRife ik
RTOIKEE NEAHEROHITE 2 KR L,

AEBRD» LB/ SN 8 PR B % Cher-
nyi?¥), Kamimoto® FDIEMMEHETERREELL
BLAOBN 17 Th5, 22 TCh BEEFAI L
—~ 7 OR/NFEERHE OHMBAM MR OBEZF - 2, X
X D AREBRERIIEHMIZIE Chernyl OB RER L —
B30 EERRRBELERD S,

B 17 R L AEBRIcE ShiciBiuRiiga x
R EFSREENRRIFMETE 5, LEAL ITR
REWEEN—ETRI DR L HUBAMBEFOHNE
BEE 17 o2 B L 2 BBoEI s LTy
5, LEBSTXOEFER2E 17 X W EAKRDFEMR
EHERMENRE L R, &k, KO IR,
Cor KIIAERTHONAZELER S L — 7 DR/
ARSI S DHUIMR B DIE (% 2-No. 1, 6, 11-Cpi) %,
XERANRE, Cphy » KIE= 2 — F VERERHL,
EHEEOLFIER k% 1.84 L LTRDHERE -
oo L OLBEIIRERCIELRD 5 oo, MTAMN#KD
RSSO REBEBTERDD-AF 2 — 2 DLHER
Kbk - TRMEHITRD b Tvw 2 BEHE R
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