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Oil Flow Patterns on a Series of Capsule-Type Re-Entry

Vehicles at Hypersonic Speeds

ABSTRACT

Oil flow visualization tests have been made to examine various fore- and afterbody

flow patterns on a series of capsule-type vehicles at a Mach number of 7.1 and at angles

of attack from 10 to 20 deg. To investigate the effect of the Reynolds number, it was
varied from 4.5X10% to 1.8X10° based on a unit length (cm).
Model configurations are classified into two types: blunt cone (S-type) and capsule

(M-type).

Oil flow photographs indicate that several S-type models show bubble type separa-
tions just downstream of the nose-cone juncture region at an angle of attack of a=20°.
However, no separations occur at an angle of oa=10°. Contrary to the results for the S-
type, M-type models reveal complex flow separation patterns on the afterbody surface,
which depend on model shapes, angles of attack and Reynolds numbers. In this report,
these oil flow patterns are analyzed in detail by using topological rules.

1. XAHE

SR THEEMNEROMBRAFEOSERIZO
AOHPITICELEL T, 43Tz 0EEHSEL
D2H B, THOLLEBAICIE, Rh3UEAR
DIEREHEIR & KT B OB FARIC AT TEZ S
h, TORNLHBNILEETH S5, KBFEIC
i, THOOFEESABBITEHELEY, 2 OR
BERS N, ERLSHRBASEOREEEST S
Zh o HMEMEOBRIIBNR OB

* FE¥0614E 9 H26 3 24F
**  BROFEE-H
ok FHERBEH

KARXUEEBARIIL, IS hicsWTiE
HERETENMBO LRES|IFECTD, L
STERAAMBNEORELREFT I LR, &
ERBEOMENR BV CEELREETH 2,
—AbnbhBMZEFHRFAR, FHERSE
[ & oiR#55, S64EH Rk USBEE HEIHIF, [[EIY
BE#HoHE] O—RELT, BIA 7 v BT
NEHD , BEEREY RUBTERED oRB%,
UFORESTERF % BV TEY, BRORELS
T&l, ThooAEEZELT, BIAT7ELED
H ORBEABORNEGN A 7 L OBZEHHAEC
REBEBERITTILELHPHL TS, TDLD
RZEDLOSERATHE, B 7ELrEHLDD=R
THEERMNEOBERUVZOHHICOVT, K&

This document is provided by JAXA.



2 MEFHRNTHERER 557 5

MEEHBEE L - HBERERERICODVWT—ED A
AN 7200 8BRET-1OTHET %,

2. RRARYRUERE

(1) RRMBERUHEIHER

BRSER I RFISSER R EFE D 0—B & L TH
27 (A7 e VOEHHHORA) iICHOIERD
P oRENLEOEEEL, WEFTHEEBELLT
DRF 4 VI RUREIWCRR2: 0875745, 1B
FS6EE L RE [THAAKR A 72 v DZEHMER
B )Y oML TEMEI NS DAER L, #H
BHBRA#EIRDO SRIRU 4 7 VvERKRDOMBIIZ K
slahd, BEEKEK 1 itRT, MicREh 3 &
SISBIIMMMOFTER 0, FTHMRER R, &
UEOHERER R, oflabE b oBMEhs, M
RIS O ¥EM I, KU SH L EIICEEE &
BOMFFER, R, 2EZZX1ERPSLB, &
BRBOBEKR U & (FilE¥R R, TEKRTL) %
#1iTRd,

(2 EE&E
EREMBEHOBEEEER ( —8fK~ v
M.=171) 2HVTiT-7, BAIR(m)Yi-hDL
47 VAER.-i2 45%x10* T, AR «=10°K%k
U20°D%HETHS, BLS—9H»5S—12RUM
-6, M—8, M— 9DERICO\TIE a=20°T
LA/ WVZEEEF (18%X10%/en) FDOYMPEAH
~tzo MNDHBILIIRERD > 5 2 MBS TH 5
b5, BEEERDTIREZRES, EHAKE bR
BHICEIVEFLLRUEBDT, 714 VvOME%E5~
6 BRREICZE R, Chiakicl THEEEZm2EICH
L BY 3, BHLKENO ML —-Z25EBS50 3K
ALtz ik, A4V arhic ZKiLF 4
YEBRELILSDT, BEORNEZ V) o vhail
B, SoIRINEZRILTF Y Y LOREBHEZAR
THLLiCED, BEHEDOAAVEERILI, 1
B, SRIOERTRERL X F 4+ v /R3BATST
sickEEL, BREZL00UDRESINIEB
KEE L7 ChRBEDOX 5 5 itk DiERA
[URPICAN, ZokiclAEEZ 25 TR, %
ORjicRKEBOASE L, EELA 44D L—2h

BohlivnEinks, ARERKICEOOhICER
KEDZF 4D b L—Ri3, BEREZERAEED S
WMo L, E8FHE, Wi, BHEDRUESO 4756
PoENTWEEREEIT- 1

ik, BREO@EERREIISH T, 209 biEl%:
[URPIC LR S TH SOREN S ERISKI608DEE
Thb, BRBRUBEEFEDA AL 70702
BEHEITRUEBEIbD OMBBRMAIEOEED & HE
TAHLLEDTE B, BERMBICIRBERBOHEDK
WA 14 VORBHC Hobh, FNERRURLIHRE
KELZLNTWVAS, Zhicd L TERETIIIE
DEVAE A VEFRIBICCADBH oD B, Thid
HEEHOEILICL2EBLEZ SN 5D, BHE
2[RNMCTRLThoRH%EELEST 510410
DHHBZDOLDITIEANTEERIFE S, a0
BITICBOTRIBELZZERDVDEVWEEZ S, £
THEBOMERR 7 ¥ L X TERESERCMETE,
RAI—T 4 VI RSLBLEETBOORBERAMNEDS
T3, 7o LERERE TR, BlATRMES~<T
IR DI, BEIRAENSD LML, TOH
ATRFIC, ROOFFHbREVIHTHRERS
DA AN PL—ABRLNB,

3. BRRLBH

Hhoafitick 3 =& clk - BNEROER
(IRRTIE Peake, Tobak 710 &4z & b K#GEEH Dk
FHFTONTE e ZNODOXMTIR bR Y —
OFEADIRIBEN, A4 709 X5 —Uipo
BELOMEE LD OREE - BNEOHBELRIHS
NTETV 3B, ZHEILEBVWTOHNDOERRNSH
LEbit, ZOMBICKOV, ZOBEITOVTEH
FTOEESXHAS B, BB, UTOEET R,=1 0
r—Z3BAR (em)H- DL A 7 VIEHH 4.5
x10*, R.=1 O r—zxi3zhd»HH 1.8x10° TH
B LE%ETRT,

1) SBHER

BEH 1 ~16IK SHBRIOEH o=10° & 20°
KEIFEA 41 7Jo9%RY, SEERIERNOY
f, i, EEXUESLGOBELI4AROEED
Sik%. BEE1, 213S - 9BBONMA a=10°K

This document is provided by JAXA.



RV 7 VAR S

#1

Hh7 e VBIEEDBRBEEE 21 4v- 7o00HK

gl iwvin]n
N — — |v— | — -— v—o
io|lglols|d|dle|a|®P|o|C|s
NNt |N|F|l N[N N[N
o.o°°°‘b?n'in?n?n°o
Dlo|lw|w|[w|O92 Qx| ™
O|l—|N|N| N[O |~|o|m
0) [ o
Sl Bl Rl Il O N BT BN NI BT B O A
ninuvnininn|STlITIZ2IZT|ZT|Z|=Z
}——ﬁOLl—-l
)
Q ¢ J
> > HA
~ - K
| g |
- e -
ac wn @ s X
L <
(&t ——QC
o

R2

This document is provided by JAXA.



4 WZEFHE MBI R 557 5

S-11, A=20°, Re=1

N: NodalPoint S: Saddle Point

{b)

U20°ickidB440 709 THB, BEH2D

a=20° LBIFHAEROHFRE TIEA 1 vOFi st
CfHETHR b V=23 NTHIEWH, #AROR
B E TOREL, FLHEENTIIEERORE
BHLOOUED TS, EE3I a=20° ikl
BS—9BBIOLA /WX EEGL LY —XTH
5, BE2 L BRIIFRRLHEND /XY — V ZIRT LS,

HF@Tv 4/ vAFRE LG Eick b, EHBE
ETOEM DAL LD, Fho b L— IR
HoTWwb, EEH4, 5, 6i13S—10ERIDERT,
FNFHhEEL, 2, 30BARV VA / LIED
LI T 5, S —1003 S — 9 ERIDE DFSTIC
NAESZ IR TH B, HOD/ ¥y —iES—
SDERLEKETH S, EET, 8, 9 S —11&
ROy —2Thb, S—11FS — HEBOTFRANE
¥RE2EZEL, AREXIDERICULILEKRTH %,

H |
X2 S-11RBAMHHEOEAK

EES» oA L HiIL, a=20°D R,=1 OXF
—ATRAMEROEET THBENEC b, 2eEHs
BTFlicOTn3, —5RTRTREGSEDL,
EDRDOFIICHEEE I LTV R, DL
S—1BERTRIEEICHEZENA A 1L« 7 09 hi8
blifc, T8 — v EBRANICERD LI b0 R
2TH5B, NidHisA (Nodal Point) Sidks
(Saddle Point) %759, HWH®DN id4icHskD
BREFREN, OHAERT 2DRES 5o
i35, COLHIURBORAN, Dbobh 3L
IX#K8), 9) kKiERash T3,

—H, ZREHEERE LD F ¥ o v —Dillicd
B2L, 203RATHObINBD,

EN_Z.:sz 2

NEIYERTOH AN DB E &R S OBKD

This document is provided by JAXA.



A7 VBIEADOKREEE A4 7o 5

EN2LUBLEEERT 5, K2 TIEAEAN, &
RSOBHEMLTNTN 2 THSH, THANIIZTIOM
BRI L EALIcl, RUBBTHiIC1 50,

FRoY-oFldEREINE, BEEIIRFELS —
IHERDO LA /J VDGV —XTHDH, TO
BicRBFEMMOHRILE L0, HHIO, 11, 12
BS—1EBHOBAAL LS - 12BRDERETH
5, @=20° TS — 1YL IR, B EAE
HickAEORBEIEC LV DD, BEEIID R,
=] OB EFETRAEOHEALELET S, FHI2
D R=1DOr—ATREEISHETI20EET
DLW, BEEmicHEORAIR SV ERHAIT 3,

BHI13~16{3¥1aM 6=10° D SEHEBDOR,=1
Dy —RTHb, FEMOAN B, =2 DS —2248%
TR IIEE DV, B, =4 OS - 248BTid
W a=20° kKB THTICHOT 505 # A0
HMEEC TV B EHEFEEINS,

Pro&k S SREBRMOEREDA A VD b L —
ABBHEICEON TV RN TRIBOFERERY
ZEOHBEOHENEFICRE THRIOEE H L0
FOEL B, Lich->TH 2 DRBEORBER b 47
LOUBHETED2HDTINL, Do b Foy—-Dik
UERETAIBED Y -~V bERARETH LT &
AR L2131

(2) ME#AD

MBI BT s MHEARZEAERTH S
OSBRI DI A0 ICEM M - BIBOB
EE2T 5, BEITIRRENLKEABOME LT,
M- 1 EBYEEO a=20"° TORREREICEE
LicAA4ne 709%RF, COEETRLHEEN
BZLBBEROFmMTRELREL, £F2h oM
U ER AR T L, zoB9TREE
KT ABLETHB. ZDEHINY A 7DRBIIEZSH
e ORBAMEEROSIAFICE VW TRETZCE
DRPICEZRI N AHBPE 2 5.
/= FDEEN TV 3, SERBET -7 MEUE
BMTR—BEREIITRTIOBOBRORENA SN
720

BEHI8 19kKM-— 1 E0D a=10° RU20°T
DA AN 709%57T, L4/ VIEKiE R,=1

D —ATEREER T, Qi EiokUEs
PoRELILODTHS, MAAHL A LRERD
FH$ENEEEBAETHE - BfiE Lkl TV
5, ZhitR LAAESRoBERIL A EHLERK
HET B, F/0fH a=20° TIE a=10° izl
oXTHEMOENPEL L5713, REESE B
BROHBSRDON D, ThickDETEE
D SETRA»B TOMWEHIRRICE VM
SEMEEATNAETREAEL IR LS, —4
BTREmOMBERICEBAESBERTH 5, O
i a=10° TRZOBFMNELAIIHBBEL ICAE
T50 a=20° TRIMMEABFEESIEDSL, T
DR T RO BAERD S BSKICHU L HREE L
MEEHL S O E 35200, —HiZSMHESR
EEPORBEREL D, —HIITRIIC@ED N
HHMETERT 5, BEWTHRIET =20 o —
ADFRE O KEL, FBMFOZRIBEERZC L
TWABLENHATH %, MEOHETAIZHEDLHD
r—ALbRELEL, O LRECZOMERR
TROBARICEET 5,

BEH#H20, 21 3M - 1 BEROB OB Ics E b1
H#oM—- 288D a=10°, RU20°D4 47
OYUTHb, A/ WVIXHIZ Re=1 D5y —RTdh
%o BN OEERIIM — | BEITHRI K E D
% 7T, B LAIRDRBBOMNE, RURTH
AEBENEROMEFRE TR, CEX 3
KEANICTRY, IOMBREELOZA L -T2
DT, MitsaonbLHitM— 2 BRI TREAERIIZ
FABEOM— 1 BRIy — 2L OB TRICEST
%, 1A THARBREMNEAOMERIM - 11124
LT, M- 2 ERTIYEAMAERASMIZORR
DK —HMERE SR THMBBHENESOME
BAFRRKECKETIEBRHLOERINS,
HH221IIM - 288 a=20° TL / vX¥ES
(L1 Re=0 DA AN T709THB, 5L A/
WZHTREMHEBMROAF A VD L —2HhK D
BRI %, BED o AHDEABBOMICERmICE S
L—HDEDIHobLNTVB I ELHEREIN S, K
4IRFH2D O5A L -1 HB, RUHEIN L2
B BAUBEOBEETRT, MONIZHAE, Si3#A
Hobl, SBHEMNOGTRNEELEREIN

This document is provided by JAXA.



6 BLEFHXMARARER 557 5

/ Reattachment Points

M-1 0O
Spiral Node M-2 O °
Locations
Leeside

r—);‘\
. D
d

O

K3 M-1, M- 2#NOREBMETET MG
ANERONE (R, =1 D7 —2)

O E SORKEDER2EBY b ROV —DF
AIERET 5, TR TRIXIFRAOEM#ERHR
2, BEELSIRFEAEDRLVLHEHIAN, EAS
BTN ZThEET A LHEEL, ZORMOREIM
-1, M—2#%oD R, =1, a=10° 20° O
fAicbETEEEZION, Type I LELT 5o
RICHAMEROXTER X 25° L LItM—-5, M
— 6 ERIDBREAFEEH, H2TILRT, BHE23M D
26D L4 2 VAED R, =1 O —ATRERER
DEA Db L—ZAMPRICBONTE LT, i
HPOAKIKILEZDT, BH2IOM—-6, a=20°
R.=01 O -2V TDAEERT %, B5iEFE
B2 O5dh & - LB RUHE I N 278 - BT
EDRENTH %, 4D Type 1 OHELRIL S
5 A e L T (R O 8 755 45 & B 65 o0 s PR b i
7oic R « BB OEAN, ERSHZTNTHEN
xh, FARRc—o@RsERINEZLE, T
NIy, FEOMREBOMICKRASHELT ST
EETHB, OB A Type 1 EEHRT B, TDH
BM-6#BD2sr —ZARUM=-5, a=20° OF
MOEILHTITALHEESINE, —AM-5,
a=10° 3 Type | O/ —AIKBTHTHAHIEE
Z Bo

EH28, 9B3M-T8EDA A/ 709ThH5b,
M— THREEIM- 5 BRomEE L Y FERIC LI
KThs, M— THE, a=10° Re=1 O AN
« 7o EEMLHELHE - BNEOBEZN
6ILRT, CNODEERVKITROGFELELSL
tid, RATRoOBEEY SHBU ZHEERLRPTY)
0y, BEAORBEDOHEH RN, TERb-TWAZ E
THdo, Lich-> THERAORERA SNITN,

ZhLADEEE I Type I LEIBET, CoR%E
TypellE§ %, FBEDOEFIAN 12 S—11ERID o=
20° D —RIKBONTICEDE[EKRTH 5, BH29
OM— THE o=20°Dr -2V TIEHM-9
BRI LBET 20THRDT 5,

BEBH»532EM - TEKOBA A LIM—8
BROERTH S, EEHIOM-8 a=10° OF
Ane7o9 M- 9B ERAET AL HERIC
BRIAXITH, BHE3, 320 ¢=20°, R.=1 OM
— 8RO — A 3HE L SEENL S Type I DR
HMoOBER b OEMEIND,

RiItM — O RIDEREBEEH33D 5351Z7Rd. M
— QRN AEBOETARSROARE W 0=30°
DEKRTH 5, A3 AAH a=10° R,=1 O
r—2T, M— 17, a=10° Oif& L EEICETH

This document is provided by JAXA.



A7 eV BIEREOBREBERE A1/ 7o00HR

KISF @ QL HRIEEWC - ()~ VK

H & (q)

N

juiod a|ppes 'S
juiod 18poN N
I -adA)

o g (e)

WG IEHEFHZ -N (- VX

1/ ()

This document is provided by JAXA.



P FHBMBIRRER 557 5

KM ORNEHRPREEHI - @)-S K

m g ()

juiod 9ippes g
julod [epoN :N

I - adk)

o [ (e

XMW GTHEFHI -N (-G

H g (q)

[4

I =84 ‘.,0=0 "9-W

o[ (e

This document is provided by JAXA.



A7 e VRIEIEOBRBEE A0 70 0HR 9

Type- I

N: Nodal Point
S : Saddle Point

b) # M|

X6 M- 7TEBHSEHMAEOBERN
(a=10° R,=10D45—2)

BHEHED SHUZZMBELRITUNT, BLAO
RMOH SN, TRH->TV 3, HLRLHAEES
THNELARES 0T T HEOMAN, iCifiy
TWaTLEDS, Typell OHENO R I FRE
FH#ER L OBEESRUZhICEET 3B L 0 O
RNRE LB ENL S, oS Typell @
BELEIRTHILHESN, TH% Typell’'ET
5, HH3I a=20° R.,=1 ORT, B&Eh
LHH & SRR RO - BfEOBERAEX T
Rd, MTRATHOMNEICEREN 284S
TTOMERRILY, bt HlaNcE 3 T & hsth ey

ThHdo TOMMDETIREARNIC Type I OHSELE
GIEETH B0 TOB%E TypelV &5, M— 7,

a=20°, BEOOHEND/ % — i3 Type N O
THRHRROREZS OOTHAND, HRLERL
THMEECTHEOHAN, KEEXDOZIONhEK
DS EHEIN, %k TypelV' &9 3, M—
BRI a=20°, L4/ VXEESESK
R.=1 O#$RIIBEHIBTHS, BEH3BDA AL -
709 RBHEMODEINERIKNICELD, L4 sV
ZHHRBEFLDHODN T B, FnOEKARK
UEBEN%*X8ItRY, BEERUKPL SHOHIEX

This document is provided by JAXA.



BLZEFHBEWHARER 557 5

10

TOor HEHOELHBIEES6 -IN

(@)— LI

jutod 9\ppes S
juiod 1epoN ‘N
Al-9dAj

102 KSWATIIFEHEE - N

(- L1

This document is provided by JAXA.



11

Hh 7V RIEOHBEEE 40 7o00HK

COZ RFHOEMNHBIEEHE6 -N 2)-81K

iutod appes g
iulod 18poN @ N
A -3dAy

NS

o H (e)

c0*

DIMSUEG TN BIF W 6 — N ()-8 X

oo @

7

-

21
Sweal (LS \\J)J u
NSz

/

- fll(ll#/l’
YV AN

I

Py

=9y ’ 02=D 6-W

o g (®)

This document is provided by JAXA.



12

B FHAM AR ER 657 5

#2 MEERAMANEESONH

Conjectured Type

of Separation

Qa=20°

21, Lor—-2TiE, BTRIAGSHEOYKHARKIIC
MO _RABE L EZ B & D BSRHBEB AR ICE
HoNb, LFEH#EMERES THASLLHKA
REDETIRERORREDOESS T THY, Bdic
OERNRUERSHEEL LV, SOICE LA
BEHTREHEETHEEZEIL T3, 2oL
M- 9RO UV / vZX¥A FTt: a=20° O~
—ATRIIFEICHREFEOBELTRT, CoB%
TypeV &4 3, £DEHEODOM— 8 &% a=10°
D —2 bHEHMBEBMOFNSM— 948K & EIE
THHLLEDLType V ENET 3, DIEMEER
—dOHRE - BNEOBEXEE LI, ThiK
FATIHELTER2IURT, THThD 1 7t
PR o Y—DFENELITHS ThoRMROT L
Bhox AN 700 BELSHELLBTHD,

fhORRE « BABOBELEZ ShA8 MBS,
TIN5 OBEXIH TEZRTHE - BtEOL
KOHEICLZ I b TREVWZESNIMATE
Tz,

REICEMBEROMA a=20° itk 28EH
ROMNEFK 9 ICRT . BOSIV MAEHDIREH]
MEEZ 100m¢ EF—HKDOT, YEERIIM- 1

a | 10° | 20° | 20°
Rewd |45x10° | 45x10 | 1-8x10°
M-1 I L
M-2 I I I
M-5 I I
M-6| I I I
M-7| I | 1V
M-8| T’ IL I
M-9 | W | IV \v4

Spiral Node
Locations
[
&
%

B9 BMEEROHEBBDAE

This document is provided by JAXA.



H7e A BIEIREDOREBEE A/ 7o00HR 13

BRTRFS ¢, BABDRER B =1, Bo#
WM~-1, M—5, M- 9EBOIEBRONESE S
3&, FMA#EROETES O OHRERD 5, RITE
Ehi kS, fommckvERBoMEIIR L
RloBAHBICHET 5, (BL 0520°0 5 25° itk
JTOBERH 25° 05 30° OBBRBICHEL TK
FVCEMHATH %, S HIM - 5EBRUM-
TEROESAOCMNEL S, BEMETHICTSLEL
DOHERPPREAB LV ICBET 3 C &H5HHT
3, —HBEBROoLILIHBIIM-5EM -6,

M—-7, M—8, RUM-1&M-28BOZTHhT
hor—20HBGLERING, THOERER
(T2 LHEBRIIBTRICHEHL, TOHRIFEM
HEMOEFEAOIDAX VDB ETEE LS LD S,

4 T

BETEERICBT 3R T LrEDDD=K
TR - SRS —EDF I v 7o RBICK
DEFMICHEN, TOBRRRUBEILONT, BEAN
SIBAITHOENTE, Lo LU oS5EAK
EfT-MBERTRENOKBRIEHETHD, B
BoEK, @, LA/ VARICXDRESRES,
FRSEERIICOVTHLT L bRMOBELETE
TX3b6DTIRIEV, INSOHEEELITHIAY
i:picid, XhFERLOEHEH S ORI LER
ERHELTRI LTS AEDHH S, s
DR - BHBOREE N 7 L2 EDRE Y
FHLpESH, TORBERRLILLLSRD
FEENRETH 5,

RERICANRRINASZEEIIERE—BREDDIC
EHONTE IR EFHBRWHRNR, FHEAREXE
M EHE (EEHOME) o—BE LTIHbO
1-bDTHBT LAY 5,

£ E X #®

1) D.J. Peake & M. Tobak; Three-Dimensional
Interactions and Vortical Flows with Em-
phasis on High Speeds, AGARDograph
No. 252, 1980

2) S. Nomura; Study on Lee-Surface Heating

over Yawed Blunt Cone in Hypersonic

Flow, NAL TR-494T, 1977
3) EEEHOBE, MEFHERHRN, FHbE
REEH, BHISERLRHAARRBEE, £
2EAT e NDENFHOBIZ, HAIS6E 3 A,
pp.45—179
4) BIEROHRE, MEFHEERHER, Fiibd
FEEH, BMOCEEARNARRBESE, §
5 EIMAHLER N 7 v DEHMBBEHORHE,
FRFI574£6 H, pp.109— 128
5) MZEFHEWHAHN, FHEARFXH, BT,
S8EEILEHIRARBESE, B5FHN LD
PFMENREONA, BISEE A, pp.5-1
~5-21
6) E.R. Keener; Oil Flow Separation Patterns
on an Ogive Fore body, AIAA J. Vol. 21,
No. 4, 1983, PP 550-556
7) M. Tobak & D.J. Peake; Topology of Two-
Dimensional and Three-Dimensional Sepa-
rated Flows, AIAA Paper 79-1480
8) M. Tobak & D.J. Peake; Topology of Three-
Dimensional Separated Flows, Ann. Rev.
Fluid Mech., 1982, PP 61-84
9) D.J. Peake & M. Tobak; Three-Dimensional
Separation and Reattachment, AGARD LS-
121, 1982
10) D.J. Peake & M. Tobak; Three-Dimensional
Flows about Simple Components at Angle
of Attack, AGARD LS-121, 1982
11) T. Hsieh & K.C. Wang; Concentrated Vortex
on the Nose of an Inclined body of Revolu-
tion, AIAA J. Vol. 14, No. 5, 1976, PP
698-700
12) T. Hsie; An Investigation of Separated Flows
about a Hemisphere-Cylinder at Incidence
in the Mach Number Range from 0.6 to 1.5,
AIAA Paper 77—-179
13) K.C. Wang; On the Disputes About Open
Separation AIAA Paper 83—-296
14) U. Dallmann;
Three-Dimensional Vortex Flow Separation,
AIAA Paper 83-1735

Topological Structures is

This document is provided by JAXA.



2 F TN TSR R 557 5

14

g7 H8 (P

o q

I=°4 ‘,0l=m

‘6 -S

¥
itk

LY

g o

mog (e

This document is provided by JAXA.



A7 VRIEIARD MBS E 44 L« 7 o RER 15

= =
TN
- S
L]
Il
W
&
0"
o
N
i
3
o
|
[9p]
v
A
iy
&
= =
T L
”*“ ~~
34 (&}

This document is provided by JAXA.



16 22 F T R AT &R 557 5

= #®
= =
= -
=
Il
8
o
[aN]
Il
3
o
i
w2
[ap]
o
lah
b= =
o e
> >

This document is provided by JAXA.



77 VBRI E 4 - 7 00 i

= =
[ ~~
£2 o
Il
X
0"
[
Il
3
=]
|
wn
<
i
P
= =
T =
N N
« Q

This document is provided by JAXA.



18 fi Ze RN e kL 557 B

=
=
2
Lasnl
Il
e
B
O
[N
fl
3
S
|
w2
(Vo]
i
up
= &
" =
— N
« |93

This document is provided by JAXA.



N7 A RIEUADBBEE A 4 - 7 0y RER 19

= =
3 3
=
I
S
>
(e}
Il
3
S
I
w
Nej
K
e
= b=
L E2
3 3

This document is provided by JAXA.



20 22 F B AT SC AT K} 557 5

!

e
L

i
£y

= %
= i
= -
Il
RS
-
(e
i
3
|
w
o~
1
iy
= &
oI =
~ N
«© «Q

This document is provided by JAXA.



N7V RIEIADBREBEE 44V 7o S8k 21

ifi]
#

g R
- <
f—
Il
W
R
.-
O
[aN
i
3
-
]
|
%)
e8]
I ok
‘ L m
\ Y /) ‘
i man
; =
. Y
. o

This document is provided by JAXA.



2 T AT BR AT 557 2

= 5
= =
a 3
=
Il
R
0"
[aw)
o
]
3
|
w
D
iy
iy
b= =
AL =
- ~
© )

This document is provided by JAXA.



77 e VEEIRAD BEEE 44 v - 7 0o RE 23

= ¥
= =
N ~
Es) o
I
84
-
=
I
3
o
1
w
<
s
iy
b= &
il 2
s °

This document is provided by JAXA.



24

L2 FH AT LA L 557 5

iz &

= =

2 3
I
<
o
[aN]
i
3
)
|
wn
z
wp

= =

R i

‘w S

This document is provided by JAXA.



A 72 VBRIEIHADKREBEE 40 7098 25

b= w
= iy
B 3
e}
Il
Qg
o
[aN]
I
3
)
|
[9p]
~
™
lap
= g
7 by
e >

This document is provided by JAXA.



BRI AT E ¥} 557 5

MLZEF

26

dHm (P

ooy @

‘0l=p '22—-S ¢lEg

omog

mog(®

This document is provided by JAXA.



N7 VRIBIA D BEBEE 440 7 0o RER 21

= %
= =
= 3
il
R
B
(N}
Il
ke
<
|
w2
<
o
e
& =
e B
© S

This document is provided by JAXA.



i F i BT A R 557 5

28

s HE (P

L1

[=°Y ‘0T=» 92—S SGlEg

HoE

m g (®

This document is provided by JAXA.



29

EUADORRBEEER 4L 7095

J]

h T LT

g HE (P

~» ke
gyt

wWas syt

»"

H g a

vZ—S

E18=1

et

(

o]

This document is provided by JAXA.



30

M2 FH MBS F &R 557 5

BEHIT M- 188 «o=20° R,=1 Or—20
B @R IcBd A4 40 700

This document is provided by JAXA.



A7 L BIOIRADOHRBER £ 1407098 31

= %
= =
e 3
Il
&
R
Il
3
|
=
ee
i
i
= E
= 8
B 3

- %% Baiun

LR LR A

This document is provided by JAXA.



32 22 FHE NI &k 557 &

= 5
= =
-
o =
L]
I
R
J -
O
(AN}
I
B
|
=
>
mg
= 1=
AT el
™ ~~
© Q

e o

Pr T ey

This document is provided by JAXA.



H 7 VRIONUADO B EE A4 709 33

2 %
= =
2 3
Il
x
B
Il
3
~
|
=
(@]
[aN]
o
lup
= ]
o m
© 3

This document is provided by JAXA.



34 Az FE AR R 557 &

= W
= =
N N
L o]
I
8
.
(]
[spN]
Il
3
-
|
=
S
Juf
luf
= =
L b
‘s >

This document is provided by JAXA.



A7 e VBIEIADOBRBE®R £ 14 7ok 35

= %
. =
= 5
=
Il
[N
o
[N
Il
3
<
|
=
N
ot
i
E =
L =
Ci -

This document is provided by JAXA.



36 e FHEM AT ERL 557 5

= 5
@ - MM‘»W — ,Kg\
. . iy

~ ) —~

— o
g
Il
R
0"
<O
e
Il
3
w
|
=
(4 2]
(@]
g
iy

=

c) H&

Lt S A LR

@ an v

Hggeeseeas .,
WREEE

This document is provided by JAXA.



i

H 7 VRIONADOBREEE 440 7098 37

= o
= =
s )
I
X
.
[aN]
I
3
w
x
=
N
HIK
hy
= e
R p
s S

PR P N
B E 1 YT

This document is provided by JAXA.



38 22 FEBNTIT P &R 657 =5

= 5
= =
a )
I
o
B
I
3
©
1
=
Lo
(&N
i
iy
= =
i e
‘s S

This document is provided by JAXA.



77 VREIRADRIBEE A 4 L - 7 0 o R 39

i
#

b) il
d) EH

a=20°, R.=1

BEH26 M- 6,

c) M

O R

P T A

R

. AT TRRRRE

SRR R

This document is provided by JAXA.



40

L ZE F BN R ST & 557 5

= f
= =
e e
=
I
s
S
[a]
I
3
©
!
=
o~
[a]
K
iy
= =
L =
‘s S

This document is provided by JAXA.



H 7 VRIEUAOBREE®ER 440 7o 41

= =6
~ ~
£ el
I
RS
=
—
I
3
~
I
=
e8]
(V]
K
wp
b= iz
3 =
~ ~
< (8]

S BBRS BN

S LRI TR

This document is provided by JAXA.



42 L ZE F RTINS &R 557 5

= Ea
= o
N N
£ L)

Il

N

»

[an)]

[aN]

Il

3

~

|

=

(@3]

[aN]

fu

[
I =
s by
‘s >

This document is provided by JAXA.



7 VRIEIEDBBEE A4 - 7005k 43

= %
= &
N
- (=
f—
Il
N
8
B
S
Il
3
o
|
s
(e}
o
ot
lap
b= I
R g
e >

This document is provided by JAXA.



44 fiLZe FEH M SR &L 557 5

= 5
= =
[
X
-
[an]
[aN]
[
S
©
1
=
&=
s
)
= 1=
A £
N TN
M &}

This document is provided by JAXA.



B 7 VRIOAOREEE A4 0 709K 45

= B
= s
a =
=
il
X
>
[N}
fl
3
-
|
=
[aN]
o
il
iy
M= =
i =
> o

This document is provided by JAXA.



46

22 FH TR FL A 8k} 557 5

= 5
= =
e e
I
83
.-
=
i
3
o
z
=
[ap]
[ap]
g
il
= M
A =
< ©

This document is provided by JAXA.



A7 2 VRIEIADBREEE A 4L 70 9HER A7

i
il

= =
= TN
- ~
[}
I
Q
OQ
(@]
Il
3
0;
|
=
<t
(a9}
X
o
= g
R &
C 3

AR LR R RS S

) ‘#\unnwnw S

g*o P S

PP LR

This document is provided by JAXA.



48

P FH IR &6 557 5

il

b)

i

d) §H

HHE3B M-9, a=20°, R,=1I

c) g

This document is provided by JAXA.



L2 FH MR AR S S

® A7

Nkl

WA A 61 4F 11 H O FE AT

Pl ZE T WO OBt % Ar
HRREMAA T RRNFRIDT —44-—-1
AU B =8 (0422)47 5911 ( kX&) T182

%-%itA$t % ¥ N W #
B om # F R B X ufiEe—2—12

This document is provided by JAXA.



Printed in Japan
This document is provided by JAXA.





