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Numerical Simulation of Hypersonic Viscous Flow
for the Design of H-II Orbiting Plane (HOPE)
I
Y ukimitsu YAMAMOTO and Toshio AKIMOTO

Abstract

An unmanpned winged vehicle for space transportation, the H — II Orbiting Plane
(HOPE), is being studied by the National Space Development Agency of JAPAN
(NASDA). Hypersonic computational fluid dynamic (CFD) analyses were performed
on the NASDA proposed HOPE 63 model, with the effects of Reynolds number, Mach
number, angles of attack,and yaw angles.In order to use CFD for more practical
design purposes, analyses of control surfaces and the gas jet are also discussed.

The present study’s objectives were to:1)Demonstrate the numerical code’s vali-
dity for aerothermodynamic heating, 2) Investigate the applicability of CFD to cont-
rol problems, and 3) Utilize CFD as the main design tool of the HOPE configuration,
i.e., utilize it as a numerical wind tunnel. Numerical simulatios were conducted using
the flux split upwind Navier —Stokes code, and results showed excellent agreement
with heat transfer distribution experiments, thereby demonstrating the present code’s

validity.

Keywords : Hypersonic Viscuss Flow, Re—Entry Vehicle Aerodynamics,
Computational Fluid Dynamics, Aerothermodynamics Heating

8 ®

B EBRTTER & FEER SRR OREPR (H- Doy » M EFRERTH
@ (HOPE) O] 0—BE LT, TEULERICHT - 7 Bl E AR 02 I B{ER
BT AREAHET 5, BRI HOPEG BAKRR O EREBBAEAE LI
HOPEG3W— 2 BikizoWT, ZAMBSH, L1/ VIEHR, < » " EHR, X
OEt ERRIRIE T Y b~ A ORE (EARE, ARV =y b) KOWTEHIIEN
HEHRRBETERRICBY AERERE LKL, EAMBMROLV TERMICT <
hi—EsB LN, AFROBME 1) HOPE OZimesss 2 EBAICIBEL,

* PR 249 B198 St (received 19 September 1990)
x1 225 1%t (Aerodynamics Division)
*x2 FRPAREEA (National Space Development Agency)

This document is provided by JAXA.



T H BRI RE 1093 5

2) ERELOMBEABELTAREY (2 L—va YO8N SHBERIEL, 3) &
b THIEMIT A% HOPE O 8B ERtB LU0 a v o - voBA2 SRS
DEDOFERFRELTHRITEILEICH S,

1. D&

FHERBSEFATHESTTH LN TS H-
Doy MTEFRARFHEERK (HOPE) &
FE R, KEERERNOBERETIARI TR,
TINFNVIEBROT 4977 4 VDOBRIN
3, COLINARFHERBOZEART B
THICHIBEE L AH00 &2 IIRRBOBEEH®
FRIC B 2 AR HIMBMTH 5, FriCHRRE
L UHEFIBTHE, BAK X > TREEOREME
DOIREMFBEAREZ 5 & 51, RFAMICHEV N
3, ChidBhoEfHEd s VIIEEETSHO
BRTHBH, homBEOMFIZ~ » ", L
4 7 VR oM, BEERK, Tk fdhicdd
BEBEI LD RESEAT B, X, REROMTE
BRI TIREZ SN WADHZE I O S
HELRETH 5,

AHRE TR TS, BEhMEEHE S v -
Z b= Z2FBREHVEEIEY a2 v—va Yy
ICEVRRIFL, =B LA/ VXE, THEE
BAEEICL ARG REFMTAN . 1%
TmEsmicoVT, HMlEFEER S UABEYE

HEFICB T 2 EREREOHE LT 1, &5
KB Y aL—va vEHRHFERFREa Vb
o — VORMBEIIGHT 51:%, ZIREERTH R
Yz b OFEETYL, TOBEABERITL
BB L IRENICR R 583, KFHHIET TIc
ZAR—=R - T —rvEibhOo—HOmAEREN
8L CENERER, EhmEst, RUEASH
FicBL T, MEFHENPIFRBREE SRR
B AIEBEREIFCNAL—HERLTE D,
EHEEOSV I EBHBAL TV, ATIROHN
i3 1) HOPE o Z/ym#Esstt % EBaNCiTE
L, 2) EBRELOHBELBL TAREY 12—
v a YOS5, ®AMERIEL, 3) dbET
i HOPE OB ERT 8L U2 v b
o - VA B ENCREETO b0 ERLEF
BrELTHRITAIEITH B,

2. BUERiTE

H@gHEl, =Ro#@airex - 2 +—
7 AHBRRTH B, M1IREN D & D5 —BE
B (E,n, ) #HVWTKRRADOL KO D
Ih b,

Coordinate System

M1 EERELUCENRROER

This document is provided by JAXA.



HOPE OB EHEHEE Y I av—va V1T 3

2@ 29 Fm+2 @+ -1 =0
8.~ 9f on oc "

ou
ov (2)
ow

oU

oUu + ExP
pUv + EyP (3)
oUw+ EP
(e+P) U

oV

oVu +nxP
poVu +nyP (4)
oVw+n:P
(e+P) V

Q)
]
-

oW
oWu+ ExP
pWuo+{vP (5)
o Ww+ . P
(e+P) W

0
(xtxx vt et
Cxtxr +vTtwt {zTw
CxTte +E8vTwt+ it
CxBx +&vBy + 1282
(6)

U=£XU+EYU +fzw
V=npxu+nw +nw (1)
W:CXU‘!‘(YU +(zw

C T THYMIS G,

To= A (uxtuortw:z) + 2 nux
Txv=p Cur+uox)
Tz=t (u+wsx)
Tyw= A (uxtvrtw:) +2 oy
Twe=y (vz+wy)
Tz=A (ux+uvrtw:) +2 pwe

T&EN, Bx Bn B:id

szliTx+uTxx+UTxv+WT)a
BY:/CTy+uTxv+UZ}v+wfyz (9]

Be=kTtute+tvivntwrz

TERINS, TRERE, cRBBEERTHD,
FHEHRoREE, v v, wilx, y, zHEOHE
ErSy, PRES, e3BAARKYbDOL—2%
NVWIZANVF-TEYERBIZhATh —EFOME
Po, Ve, Do VS TERITILESOATWE, E
HPIERTEOREFERX» SIRA TR I 5,

P=(y—=1) (e—p(+v+uw*),2) 0
JRREELZBEOY LT VT

J=6(E, n, £L)/6 (X, Y, Z) {1

tkansd, IITHEBIMDIRETS 5Wi&E
EESBOOBDIBERT L, MEHRAR
BHANICIRK &85,

6(Hv:Hvk+%_Hvk7yz (12
0
Dru,+{x b2
Dy, +{, D2
— _Hm
Hv—m d>1w(f(, D2

D1l tm e+ vm v +wn w,

ro,p
Rror=1 ) It

D2 ( tm ¢ x Um Cy +tWm (z)

13)

This document is provided by JAXA.



4 HLZEF HH BT AT S 1093 &

O, =+ T+
= (Caur+ et Cawe) /3

REmMRBELVERBTOETH ST LERT,
Priz7s v hVETO0T2& L, v dZESKDHLE
T14TH3, AR M-I ZDEEIC &
DA=—2u/3EL, MEREL I -5 F
ORICEVEZ B, ELEREFVEMGHT 5
WA FHRETE SR 1 2 TNA %o
BB B 12 5 B TVD (Total Variation
Diminishing) J&_LZ4 " TMUSCL 4 1 7
DAL L IR AR T 5, REARORS
12 IAF (Implicit Approximate Factorization)
EOTHAMEOEMET> T, ALK
BT AL, BTN AE L - IEFRTRE Y —
2 DA, HOAR I A, AR 161 KR, Bk
ECEE A 60 MOFT 88 TR TH %, XHFR
HES -2 TRBFABERBIZHEICE S, iR
NAHE T A E THBEERER Licid - 28 T,
BOO0HREREFOY » — 7 SHBOFEII
Tt HOPE 63 B{ARA DK TFEK 2 IC/R T,
Mro&ES 1 HRN RO FESEH 50T,
12 BABERT T RIES 2320y = —7
RBICERL, "=z 70 -0 ERT-TV
1AQ A

PR, =R WihBRH D HRERD

(14)

RO, ZIRTEREFHIZK 3 ICRT, Bl
FHHEMTRBET O ICHET 2HBRE O
—HRRIE DT, BTFOANERE C OFHERICI
BZRBEEESEDTEN, BTFOBFIFHE VS
MTHEE LW, Licti-TABTTR, FERT
FEAAFIAMIBEREEZL TV S, BEREHR
VAR CEE R O E ST AR KR O & HEE 5 H
¥odl, EHMEERD 2 DERBELRE L
too BT OARBERE TR —BREM%2, Yikk
FHOTFRBRIAF L 3HRHEHEE5Z, &5
T XD DRV — 2 TR ET OXHRE
TRUEHEEZ 5, Lichi-> TEHEFERII O
A, FHEREOER E L%, HOPE 63 A
RTOBMEAROFHEER L ITRT,

LA/ VZBGERAREL L, MKREREE
ZZEHIMEER S 72, 300°K &—Fic L, &
BEE 12 Baldwin— Lomax OREELE € 7 °
EEhwht, ¥ —21BLU 2 ORGFRMZEFE
HE AR B FT AR i 3R O — BRI IG L,
r—21 TRECHRENB CBbhi, —7,
r—21%& 2 0B TIERENMBSAENE
b, LA VABOMRBANNT, T — R
S~y IR ERSLDICKRES N, 2T,
ZENMEER SRR D / ANV L DiTONT
W3, 7 — R 4 & NAL OFBEM IS 5%

f 1
|||||||||||||||||||

48°

1
T T T

Body Configuration of HOPE 63 Model
with Surface Mesh

X 2

HOPE 63 BEAIR B & O REHT

This document is provided by JAXA.



HOPE OfBEEENIHEY 1av—va v

Mo Re- Tw a 8 Model
=211 7.0 2.50x10°]67° K| 0°~50° | 0° 5° 63
r—22 1 7.0 6.25x10°| 67° K | 30° 40° 0° 63
r—23 1120 | 6.95x10°| 38° K 40° 0° 5° 63
r—24 1108 | 1.30x10°| 32° K 40° 0° 63
RE

1604

1171777

Basic Grids around HOPE 63 Model

K3 FtEMAEART

BT, MUHETFENRERZ72DDEDTH %,

nE, BELVABEN - LIEREA,
40°, 50° TTV, FHBEBAEECIKEELK
HOPE63 W —2 RO EEr — X 1 OFRHET
W% 40°IT L TIT» T2,

3. HOPE 63 FRRKDETEFER L1&5

(1) BmEREER

544 & 5 X 6 iz HOPE63 Lk 08 a =30°,
40°, 50°Ic B B AMUIEREIRE R T, BEHE
B IREHOERERIC &Rk, WA
& &b IR TR E O BB OIL 5 RkT S HIHE
RSB, T a4 v T 74 YDEDLDTERE
B IHEANCESATVSEY, ChidT v 7
7 4 vOE b0 CE U EBESERE P > OFE

BEFHBLIERTH 2, BrcBOFkidE
BISHEETH Y, KIBCBVTOEHERY:
FEFBHEHELTELA ZHBEESE ZHV
BA EED LIV K D IS B S H AR
BonTWA,

(2) FEAHK
7512 63RO EHa=0°, 10°
920°, 30°, 40°, 50°i BT AETHENKR CREE
NAFRERART, FHEKERGE LT OuRER
UCFHRFBAESCE — (HEROFT SEIC T 0y
P L7, BEAICH L TRYEE, RXUOHE» SR
ERAERLTWS, ARIic kb, AUIBERBER
RUOIhEEEE LD OFHBEEOTHOKTHH
Bid %, BBEEER TR, BRBEOTEHIRN
OE IR BT B 1, ThEERICE

This document is provided by JAXA.



M FHEM T #E 1093 5

=00 Mach = 70 Re - 25R06

X4 BEEEIR a=30°

X5 WEEPIK a=40°

This document is provided by JAXA.



HOPE OB S EZENHME Y I aL—va V1 7

g

(1]

WO 00

9049 = ¥4 0L

K6 (@QEBEEIR a=50°

008 =

on
§
-
N
-
?‘
T
™o
Qr
e
&

6 bOEEEEIR a=50°

This document is provided by JAXA.



FULZE T H B DT FE AT s 1093 5

X7 REEARUCEERK @H0°, M.=7.0, Re-=2.5%10%

e

K8 HREEAKRCFFERN GIMA 10°

X9 REFENKUFEERR GEMF 20°, Mo=T7.0, Re==2.5%10°)

This document is provided by JAXA.



HOPE O#BHBEHEZENKEY I 2 v—Ya V1 9

10 HEEHKRCEERK G 30°, M-=T7.0, Re-=2.5X10°)

Xl 11 %@Ej}&(}%}fﬁ G 40°, M-=17.0, Re~=2.5X10°)

5ABTEREETH S,

WHa=0°Cid, MToOFmHcAHONDE LD
ICHRER A ORAET AHBREE, T4 v 774 VIR
THTz-o TV, Zhiexd LT, @fa=
10°(X8) Tid, RIRCEEEY, 7149774V
BIToLPAAlIcH 2D, a=20°(K9) T,
FEAPRFICHBHT L, Fic, a=30°, 40°(K
10,11) T, ZBAHZD bDODAIE L, a=20°
D —REFNEEEDLLB VDD, ERBT
D OFEET AEEREOEANSEE L T, BHRIKE
T OFRRIERED> SN AIEICKS, a=
50°(12) Tid, COBFHLDEZEF IR,
FEABICNHT 2 EBE TS O BRI EILE
WoNB, X, RO & o AFH oI L

W, MHREEROBEREEOEAIHE D, #
CEROZNIBHTEL LS, REENRBES
fEIC & »THE (P/ Puax=1.0) 2 5% (P/ Pusx=
0) WERNICET 2BTZOHHANRENT
W3, RTREVEGBEHOGWVHEETS 5
I EERT . COSERBIBERS, FRRUT 4
v 77 4 VORIGICENS,

13 1d HOPE63W — 2 ik & o » DA 40°
KB AE/IERTH 5, W— 2 BRITERKR
AhreCicEohTnwaicw, FRABGTOHE
BTy —vhe3ERoZzh EI3RELD,
HHEPLEETFERT, K14, 1513~ v ¥
12.0 %78 10.8, WA 40° 1o B 1) 3 ESER AR,
BiE BB ETERRICB T A< v IR, RE

This document is provided by JAXA.



10 L2 H BN T ST S 1093 %5

(a) (b)

K12 FEEHARUCSEEER BF50°, M.=17.0, Re-=2.5X10%

13 HOPE63W — 2 JEik %  » OREE KR U FEERK
Gl 40°, M-=T.0, Rex-=2.5X10%

This document is provided by JAXA.



HOPE OB EHENHIEY I 2 L—va V1 11

400 8 =00 Mach = 120 Re = 695E05
63 HOPE Pressure distribution

K14 @<y " ETORAEIROFEFERX
Gl 40°, M.=12.0, Re~=6.95X10%

& =400 4 = 00 Mach = 108 Re = L3E05
63 HOPE Pressure distribution

X 15 kitETessh R E s — 2 ORAESI R FFERK
GAIfg 40°, M-=10.8, Re-=1.3X10°

JRERERICE T 2 TEBIR TS DI
BESNIEZHET, BEFBTcBLWTsINGE
SHGLREtE AT 7co = v N ER L7243,
BEREIETHRACTEE >TL %,

16 25X 18 i3~ » B 7.0, A 30°, 40°,
50 BVWTHIB VAL E S IKRELBORET

B, AAEER, ARIBEERKES 5D,
FREN 3 EREKE 2 ECHENERN OFERY
RENTV S, EAENKOFTHELE, RUEERKOA
sk o B BRI L, T OISR TEERK
EEEIB D O VEER L D bAREICEDE, ¥
CREE D BT RITIREEN, HRBIRIGEESE

This document is provided by JAXA.



12

BZEFH BT A RS 1093 5

18 HE O 5  TORAENKRTFLR

Gl 50°, M-=T7.0, Re~=1.3%X10%)

This document is provided by JAXA.



HOPE ORB#BEHZEIEEY I av—va V1 13

SR E R, & IEERO ERATGREE %
FMcEET 3, BEVEREMTESORY
SEESEN Y, ATRcRIhsBImvonTHS
TEPHBISN B, T ORRISFERD oM EEHHE
BT, BB OSRIERE TS, TEERI
BT ORFIS ESIR OB MBI K & EET
5T EMBHRINK D, K19 il a=50°, #

19 FEEEE ST BNENE S5
(a=50°, B=5°, M.=T7.0, Re-=2.5X10%

WOAB=5"TOXRRBEZZCHENDESN
DHERT. AN TREERAH L IR, F&
BHENOEA ORI BEIlicERIhE D, —
EDEFHOESIDIES Y BEBICHES NS, a=
50°ORBATREHOERBRENIC—RKOE
JIMEE D SO VEAFERSE L TV S T &5
Hoh B,

8) EJmnfh
REWIIZWIHEICTIA S WA I X B EHS5HROEAL
K20 T oy b Ui, ROEICHEERZK
FHEEIEEBILHoDL, J=1056J=8lIC
XHEd 2 ENEGRICRT, (@), (b), (c), XX
ZhZh EAROKRTESTI X258 Tolf
HDFERTH 5, (A DOTREBFTAE T I2A A DHEIN
& &b RO ES S ER L T RF
BEONB, DI R b L— 2 hREgE S WE
DHFT, WAOHEME Ebic J=215»5 J=31
Kh I TRNBENO -7 BB 5, Thid
‘oL AN 7o —-KTHRIKKEH, AbL-—
7 FHIEC2HRNOBNEIC L 2ERTH 5,
COXET 1y 77 4 VORI LB EBAS &
TAMENODHAHT, COMETRT 4+ v 77 1
VIBTTOEAASWH 0 icBVWTELL AT 5,
CORERERT 4 v 77 4 vOBBAMNIE/NE
CHERESESBOTRLL S EITRERT 5,
WAEBEMT 2IENT, 749774 VOER

F-FINFYUINF ¥¥2

P/ p wlw?
+ a= 0 1.0
ES a=10°
O a=20° 8.8
X a=30°
& a =40°
O a =50 ok \
.4
g %
v,z
WW
n.a
I 11 21 31 41 51 61 71 31
J
Cross Pressure Distributions at I = 15

C HOPE 63 Model

Mee=7 . 1.

Rew=2.5%X10° D

X 20 WidE<in S B EOBAI & 2L

This document is provided by JAXA.



14 FE B RPIRF RS 1093 5

F FIus sl r stz

P/p olia?
J=81 4 a= 8 [
7 * a =10
O a =20 [
X a =30
O a =40 .
81 0 a =50 R
51 n.d4 ‘\ l’\
4 V
™~
0.z D\
3N \4
2 0.9
I=1 1
tot1 21 31 41 51 81 71 81
J

(b)
Cross Pressure Distributions at I = 31
¢ HOPE 63 Model Ma.=7.1. Rew=2.5%X10° O

P/ p Ut P oRINFtIufse2
=81 + a= 0: 1.0
% a=10
(e} a =10
X a =30 0.8
O a =40 L™ k
O a =50" 0. % &
/\\
N
N 0.2
n d.e
J =1
Y11 21 o%) 4% S) E1 T @)
J
(¢)
Cross Pressure Distributions at I = 53

( HOPE 63 Model ww=7.1. Rew==2.5x10°% >

N
p/ Ut FOoF IS fF ey =
p wla
1 0r T
J=81 WS
DL e
+ a= D- (RIS}
* a=10
(@) a=20" o, :
X a =30 \:!
Lo2 a =40
] a=50" “° J
1 1L >y b o410 051 B Tioat
J=1 ]
(d)
Cross Pressure Distributions at I = 71

¢ HOPE 63 Model Mw=7.1., Re~=2.5x10° >

K20 i

This document is provided by JAXA.



HOPE @ﬁﬂ%ﬁ%j}ﬁﬁﬁy Sab—vavi

KT AEEIRARE Y, BEBHRPED S
N3, Gfa=50"TRBITTOE -7 DR
HERE» S, THEERESUREENEO
SERANT, 74w 771 vEDORTETH
BAEFOEHRFEHETE o IGEWVEERT, {8
LJ=56b5 J=6licbi 3T, BELHD
Sopnhb®grIHoBREMCENET S,
KAHICBOTENOLE ML LRG| EEIS
nTW3, M2 B/ 5 oMERENSE
%54, WAL 30°, 40°, S50°OEERTVWTN
D —RicBVWTH, FHRBERVCERTET
EEoBRLER (KERD &< 785, 8L, 71 v
77 4 VEIBTOEA B 30°TERE 0 BT
BEWMEETRLTVWS, ThidBBX3ZENM
Bl bHEEBA B,

(4) ZEHEFRK

HOPE 63 FEAROMR U D= ¥t %, BRIK
EHEOFHAEAT A LI DBEH L, TR
B L ToRREE THRRARER 2kicx
4+ 35S h o OfEhE — 2 v P BEAE (%),

=8
71
61
51 4
3
21
n
1 1
1 = 43
P/ oalat
CITTITTT
e.8 [ . O a =30"
_,/// x a =40
< =507
6.5 Y 0.6 ] :
b P
0.4 0.4
4
gy " %
0. a2
e.o e - M p—

&1 Tt B S1 41 31 2! iio i HETCI B S R B
J

Side S1ip Leevard Side Slip Tindvard

{a)
Circumferential Pressure Distributions
of HOPEB3 Model with Yaw Angle
( Mw=7.0., RE==2.5x10° >

15

RUOEOTEHEEEFERT 20 R VK
’&HT{: 2k S

EEEHG) FHUHXKE -2 FEBER YUk

30.0m* 4 8im 61.5% GRE N ©) 6.58m

nE, THEROHETREREERKIC, REK
HFE»S 1 A — FPVETTVWAERT 4
TORELEZRL TV 5,

X 22 wEARRUEREBRAERE (-
W— 2 EROZEHFRBOERER OB %
Tot. BkE OHIMHIEE, BHOSHZEFHE
WHEF, BRITERFRTORABERTH 5,
HOPE 63 AR RALET, chicd LT W
QR =HAITENENE DR 7oy b &
nTWV3, BAERKENT 2 EALRR, A
30°% THERBEEBIFHE—-HERT 00, H
£840°, 50°T RPN, WARBICKELR—K
BENnE, TOA—KiZHOPE 0 X REGHH
kO IERATEA X L, TOLDEE
BTl oOHSrREO—T LR URE& & kic

* 75w

J= 81
n
61 51 4}
kil
20
1
J=1
I = 53
P/ p Y-
[ 1.8 ] ]—[ ]
N @.2 (0] o =30"
N x a =40
™ & < a =50
5 ; et .
@56 G b/‘.\
0. \“ e.4
NS
Q A#‘ e.
0.9 8.8
g1 T1 €31 51 41 3t 21 11 1 121 31 41 51 st 71

J

Side Slip Leevard Side Slip Viadvward

{b)

Civrcumferential Pressure Distributions
of HOPEG63 Model with Yaw Angle
( Mw=7.0, Rew=2.5%x10° O

91 &% £ 5 °lfE 30°40°50° TOMERE 53 (M==T7.0, Re~=2.5X10°)

This document is provided

)

by JAXA.




16

12
cL

X}

(2]

B FHERTT RS 1093 5

1=
I = 63
P/pala?
1.0 = l
< o] a =30
0.3 Q.8 x a =401
<& = 50°
9.% CLB
b~ a
0.4 Y
A et
9.2 .2 K
0.9 z .2 i

LS RN S-S - | H e 20y 44 % E1 TS

w
1
m

Side Slip Leeward Side Slip ¥iadvard

(<)

Circumferential Proessure Distributions
of HOPE63 Model with Yaw Angloe
C Man=7.0, RCam~-2.5%X10" D

X 21 %

O Nuserical @ Experisent N W—2 Model, Numerical
A W-2 JNodel, Experiment
(o]
1.2 03
<o L CM
1.0 " 0z
.
n.. _ & :
o
..P‘... 08 éxj‘—_
F
a b o, 0.0 L‘ [ L
x 0.6 » T-—. N
. LO‘ o ‘Aa
| . ® 4
¥ 0.4 1 s0s j—r—
: . !
.
R .
s T o_z‘[’ -° -0.2
) T
? l 00 - 0.3
10 0 30 w g Y 'y 0 20 30 ) o %0 L] w 0 0 0 g%
a) Lift b} Drag c) Pitching Moment

Comparison of Aerodynamic Coefficients
of HOPE 63 Model
( Me=7.0. Rew=2.5%x10°% >

22 ZHRBOERMELE DK

This document is provided by JAXA.



HOPE OBBEEZT I EY 1 aL—Ya v 17

vr— 7RI BBI R LN, KELERE
EZ O, TORDHERETTIRERRSGMN T
BoEs% Yo s, FERBERERDRBRVE
BET-100, ZHRBOZMLRB LA CHES
Nl te, BIEE DO HOPEG2 EIR TR E—
K LEENEonk & EXBHTY, 5%
ORINBETH 5, ChicktL L TW— 2R
TOHB A IKBY IERTR—ROBEIWE
shia,

23 REAERDO< » " 12018385
RUVIFRET, BAPSERMBELSAILGHER%E
Rt, ERIEIRIA D T TOERNERSH, &
FACOERBRO 7o v -V OBERTE M

TV WY, EREOAFELTAE, BRE—HL
rERBRENL D,
Cu
1.0
O Case 3 Num,
® Case 3 Exp,
0.8
®
[
0.6 #
)
0.4
)
[
02
®
[eN8] ’
0 10 20 E

K 24— 1158/ 4081 3R EoOBEE
HERARUCHERHERE & OUBREZRT,
FZDHr—23 (= 5120, L1/ VXE6.25
X10°) MHiBIC, ¥— 24 (=9~ ¥108, v
4/ W ZE1.3X10°) BEREBOERICHIGL TL
e H— R4 RELA 7 VIBITRNG AT 8
SHEAFENRZ-HOLDT, HICRONBEOHK
HEM (Cirom) BERME (Cine) EHETFTO
BHE6O0D, F—F—MIciIlETHEORGE
NAMAFEBELISCHEBLTVWS, UE, &OD
Cary Cavi3ETEIC X 2 HNERBORES), RUKH
KEBHENTH D, LA/ VAEPESNLBIC
ShTHEDRPBEF Lo b 5,

EATROEBOAL % & - BOE), o—
JrvrE-X v, RURERE- AV FEEO

Co

O Case 3 Nym.
® Case3 Exp,
\

0.8

0.6 ®

0.4

0.2 8

0.0
0 10 20 30 40

Comparison of Aerodynamic Coefficients

of HOPE 863 Model
C Mee=12.0,

K23 B= oy HiCBIT AZEHEREOHLE

Viscous Interaction Effects

for High Mach Number Case
Rewx=6.95%Xx10° D>

in Axial Force Coefficients {( CTaA )
Cap Ca v GPN T TA L Ca B X P
Case 3 0.0842 0.0327 o.11769 O.108
Case 4 c.0883 0O.0714 oO.1597 O. 144

Car
Cav

Carorar ;

CABXP

K24—1

;  axial force coefficient by the pressure

; axial force coefficient by the viscous stress
sum of Cap and C,y

; experimental value from the HWT and the shock tunnel at NAL

HREBICH Shh 2 ETBIR

This document is provided by JAXA.



18 FLEFHBEMPIRARE 1093 5

012

001

O Numerical ® Experiment

CrM
0.08

co
) {

004

-00¢

-0.08

-00)

-002

a} Side Force

b) Rolling Moment

-0.0)

20 x 0 g % o © 2 X 3] 0

¢} Yawing Moment

Comparison of Aerodynamic Coefficients
of HOPE 63 Model with Experiments
at Yaw Angle of Attack

(M..=7.0, Bg=5°,

Re.=2.5%X106)

Bi24 B 5 °TOMLEMBREO L

REAEK 24 KT, BEH, -y v ITE- XY
MBA 0% I BV TR LIl ERS TV,
CHPATRBHFEHBERSEON TV S, &
kTR ERFho— ) vy 7E— 4 v MEEIE=
4+ 2D, RIEQLE— 2V V375 APBREMR
BAEHo5bd, HOPEG R ARKLEREZ S
2, 2HRICHERTF 4+ v 774 vOES %
KECHEEBELELIR b HLDLLT, BMATHEMART
RENE—2A Y MIREEILK B,

(5) A4+ 70-RUZKHHN

50 25 »» 5 27 i HOPE 63 AR K D = »
$07.0, 3 30°, 40°, 50°IcBIFBEA A LT O
2R, A4V oo 3SAmECHD LS, B
m, i, RUEE»SHIEREOE, LA/
WA EVTN S 25XI0Dr —Z2ATH B, K
25 OB a =30°Tid, EREPELEKRTET 1
77« YAMUO TR TRHERLALDHONE, &
EEGERETRA VL2 RUTELOHIBEL £
FNHSEMEFEL TS, K26 D@fa=40"Ti,
HAHRFEND Y — v REDLSIEOVD, T4
77 4 YARIOFIRICI S S TH ISR
U, BERicEAEHEEPEOLS, K27 048
a=50°Ti, FHEEmPRFPIC AL F0 - K
Ty 7 ZABERESNhAEE b, TELE%RR
HOWHOBENKELBODT 4 v 77 4 YA

WETIENS, $17 4 v 77 4 YARIORIBER
@A 40° I HE L T EACBET S, SBMAIIC
#BLTCTHEHOR P L— 2 ICBBEABESEID,
CCTCRANBENDOE -7 8BNS T ERB)D
EHA OB THSL 1,

K28 RERKEBAX60°L LAW-2ERKD
WAL TOAFA VT THS, BEAEREK
BELTTF v 77« YARICEAR S EERR I
Hhd, FE EmoHERIATRICH S ER LR
T, H29D< v " E120045 —RTRTE EH
DFBERSREIE S T LBHBHETH S, K
0 DMV AL°, A DAL LT YT
IhFETO4HML SO OMICEH Y B D
50» EARURIEORZEML 7, RiELD
Figis, BLmoE s — v oBoIck 3k
XIFENBH S TH 2, BEBOETROT 4 » 7
74 vAROA A v oA EROEFNEIZR
Ny, BNESBEATVWS, BETERVCIEET
mDA A N7 o9 O MR EFEmICHXT/hE
W, FhdEBoRTMicEIShTwS, K
3113= v "B 7.0, @ 40°, 50°icB i 5 =Ko
FBRRTH 5, I SREERFR ML —27 LEBK
DIROREL TVWARTFPIHOLILNL S, BiE
HETcRFGKREOTEY = —7HABICEER L T
W3, FE»SHEL RBRIIhoaicH

This document is provided by JAXA.



HOPE OB#BEHZE MY I av—va v 19

a =300 8 =00 Mach = 70 Re = 25E06 A =800 8 =00 Mach = 70 Re = 25E06
K25 AAN7O—

(b)

4 =400 2 =00 Mach = 70 Re = 25E06 4 =400 £ =00 Mach = 70 Re
Bl26 AA 78—

1
v
ov
=
3
=N

This document is provided by JAXA.



20

[

40.0

HLZEF BB ZERT iR S 1093 5

7,

mﬁm ,,

8 =00 Mach = 70 Re = 25E06 A =500 2 =00 Mach = 70 Re = 25E06
X271 AA4nw7o-—

(b) ‘ )

- - _ 4 =400 8 =00 Mach = 70 Re =
8 =00 Mach = 70 Re - 25E06 ach : 25E06
63 HOPE W-2 Oil flow pattern 63 HOPE W-2 Oil flow pattern

K28 W—2fRAAv7a—

This document is provided by JAXA.



HOPE OBHEEHEZEHEY I av—va v 21

(b) (d)
d =400 8 = 00 Mach = 120 Re = 695E05 a =400 2 =00 Mach = 120 Re = 695E05

29 AAN7B—

(b N (@)
& =400 8 =50 Mach = 70 Re = 25E06 d =400 2 =50 Mach = 70 Re = 25E06

X 30 #HwoEHorftvzo—

This document is provided by JAXA.



22 e FEEHEN TR 1093 5

4 =400 2 =50 Mach = 70 Re = 25E06
B30
~ALh BB BB TO B,

(6) ZImZESMEFRX

B32 » 5 X34 ic HOPE63 FEiR @ & F H K&
ORI EAEH» S Rifc= v ~87.0, 8A 30°, 40°,
50° TORMENMBREKE RS VA /7 WAE
2 2.5X100 DEWY — R TH B, BETMED
B3, BAREOZE/MEEOEAME TRKITL
L7oy b LTW3, ARRIC & XK DZEITME
A D =IRTHIILIEN 0 BRGICEHES N 5,
ROV FIRIGEET, B EfoEREbR 71 v
77 4 VORIBICIHR - THN S, WAOHEME &
bic, TEEL & A AEEOZEMEOE VIR
BEARAETEICEE L THL W, Thetdbic
FRHA R 2 S flmE i Al 5 RO/ WS T,
Hhom#EEHR X v s LT 5, B ERFE
B o= mER wFhodificB W T b
WA, T4 77 4 YV OREETIAAOEME &
bIHEOERICHT 2HFESARE LB 70
BIBHDOoNTVL . FRREABCHLOBMNE
I & B HEBPIMAERO S WERESEL 5,

X35, X136 i3 30°, 40°D LA /2 VXD

(a) @WA40°

2 = 00 Mach =70 Re = 25E06

(b) @E50°
2 =500 2 =00 Mach =70 Re - 25E06
B 31 =IRICHRARX

BWr —20RTH 5, 2ENKEEIMESH
DEMEHINKEEDL SISV, {HL, BITBRRB X
S KZENMBOESRIZRITD, LA /W XEH
EWVIEE I MR TP 5,

37 1d W— 2 Rk 40° DR ERT,
COBRTRBEAEKREC LR, FHEIE
WoEIIMBDE VB, WIEd 5K 32 &
AR~ NE <, o ST 5,
A LVHBRERRT 5, &~ v " ETTOMES A
338, K39 lc/m& 3, WHLCICH W TH
WO %L - IO HIIK 40 T, FH
R AR O NBVIER » B ERISKE L, FicF 4 v
77 4 VIRIETREBYETHICEVE — 7 %
Hg 5, THiEX 21 OWmEIR S E5MH TR

This document is provided by JAXA.



HOPE OB ZHEZENEEY I av—va V1 23

0.0

(a)

(b)
x =800 & =00 Mach = 70 = 25E06 # =300 2 =00 Mach = 70 Re = 25E06
63 HOPE Heat transfer dislt‘n?buﬁon 63 HOPE Heat transfer distribution

32 RmZE/MBFRK WH0°THmO LA S VIHT — R

D16 [ g italld
el (0,104
0.3 {

o . o

o 0.3% 0.6
. 36 - a

(a) .35 9. 16
a
=400 6 =09 Mach = 70 Re = 25E06
63 HOPE Heat transfer distribution # =400 6 =00 Mach = 70 Re = 25E06

63 HOPE Heat transfer distribution

(b)

B33 REZEIMEGRK BAHLH LA 2 VIR — =

This document is provided by JAXA.



24 MZEFHBEWPIRFRE 1093 5

.o

1110

0.26  0.36
# =500 8 =00 Mach = 70 Re = 25E06
(a) 63 HOPE Heat transfer distribution
=500 £ =00 Mach =70 Re = 25E06
63 HOPE Heat transfer distribution (b)

34 EBEZEHMEBLGR WHEOLVA VIR — R

N 9.15 9.0
0. 26 0,36 | Loury

(a)
® =300 & =00 Mach = 70 Re = 625E05 A =300 8 =00 Mach = 70 Re = 625E05
63 HOPE Heat transfer distribution 63 HOPE Heat transfer distribution

(b)

X35 REZEHMBGER A 30 KL A/ VI — R

This document is provided by JAXA.



HOPE OB EEIFEY S aLb—Ya V1 25

(a)
472400 2 = 00 Mach = 7. - : # =400 & =00 Madi =70 Re = 625E05
49063 HOPgo‘Hent tmnsi"e? ag;ihuﬁ,ﬁ)ﬁsEM 63 HOPE Heit transfer distribution

(b)

X 36 FKREZE/MEKRXK WH 0B LA/ VAER T — R

0.1 -
L a. . l),(-l

IR
2.0l
0,20

0,16 0. gl .
. G
0.3 0. 36

0.64

(a)

4 =400 £ =00 Mach = 70 Re = 25E06 I
63 HOPE W-2 Heat transfer distribution

& =00 Mach = 70 Re = 25E006
63 HOPE W-2 Hesat transfer distribution

(b)

37 W— 2 FARKREZENMBGRK] WH40°

This document is provided by JAXA.



26 L2 T EH BN AT RS 10935

0.64 9.369.16
(a)
® =400 2 =00 Mach = 20 Re = 695B05 # =400 6 =00 Mach - 120 Re = 695R05
63 HOPE Heat transfer distribution 63 HOPE Heat transfer distribution

(b)

38 "W v NETOREZESINEKRK

AWFH40°

(a)

=400 &= 00 Mach = 108 Re - L3EO5 d.= 400 & = 00 Mach = 108 Re = L3E05
63 HOPE Heat transfer distribution 63 HOPE Heat transfer distributi
(b)

39 MMETHT — 2 CORMESMBGER  WH40°

This document is provided by JAXA.



i

HOPE o il & 22 J75UE ~

ab—vavi 27

(a)

® 5 =50 Mach = 70 Re = 25E06 A =400 ¢ =50 Mach =70 Re = 25E06
63 HOPE Heat transfer distribution 63 HOPE Heat transfer distribution

(b)

# =400 ¢ =50 Mach = 70 Re = 25E9
63 HOPE Heai transfer distribution

A= 400 8 =50 Mach = 70 Re = 25E06
63 HOPE Heat transfer distribution

(c) HBORTHE (d)  H#YRTM

40 HETR D B OREZESIMBEEIN BHAEBOAS®

This document is provided by JAXA.



28 i FHBER T RARE 1093 5

Ltz&kdi, F49 774 VBT TREBORET
OFEABETELBELER}NT S, K,
M 40° DA MBEE R TREAM G R LR R
RIB O T REFECEL TV 5,

(1) BRI URE LT oXERRICH 5 2Em

B} :

4113= 9 ~NET.0, BA30° IR HERY
B VXETOR, F49 77 4 VEIBRY
fRi& L F OXBRRICIR D B MBS hE R
IREARErSORESERL, ERICHIGT S
A— bWVBAIORY - VTH B, MthidE LR
WOZEHMBMO ¥ — 7 ETRKALE Lo MR
Thb, KRN HGOMNBEERICT S0, B
oK X icxdt LU 7- HOPE ERAIER 2 # W T
W3, THOLLEESMADOE LD St FiTic
BEEEL, BERICY:289085%20HROHE
2% T, MBRBERUVELVA / VXD — R
ELHWICHREMULAHERL TV S, {HL,
B DZEMBO ¥ — 7 Q.. 3R, FL A
IV Xy — 2 T0.32TMW, EVWHr — X T

0.175MW TH 3, BEigicmt>ZE /MR
ER ML= OfFRELSHEBHRICLLER
FRLU, 549774 YBLToOFRTIRT 3,
F4 9 T7 4 VBILOR, F4vT 74 VDR
B ENDiIcBUNMBRIRALERT S, &
FTOE—2 T 19 77 4 YORIBHBEENLE
Bickh~Thsw tFicky, FREOEELD
b 15EBEEDICTS, 7149774 VIRILDH
EHOHIBTIREREEORDBHRICL D, Mk
B ER U, Shthed, BsEss Lmicd U
%, L, TORSEHEIGDANTRIRERAS
KOBESBETHHAI LLEET 5,

142 00 40°DEER T, K41 EHBELT
WEHS 1AL Eickh, ERCHTET 4 v
77 4 YRIBOBENBKELRD, F4vT 74
v ESRom#idsbd s, LrLEBB6T4 57
74 VBT TIRAAOEREEDLSBLVWKE
XOMBBLREIN TV S, B EAIREEST AR
KRS AH TR, S A/ v IR TREDREI
BEROEHEABENTVWE, ThidELVS /

Heat Transfer Distributions of HOPE 63 Model
along the Streamwise Coordinate

C M=7.0, a = 30"

. Rex=6.25%x10° >

B |
A VO
N — 0

2 2.0 4. 5.0 8.0 £n. N

--- Yindward Symsciry
--- Leecvard Symsetry
-- - Leading Edge

%

12.0
Qmax = 0.175 MW Qmax ; Local Maximus of the Nose

(a) BHM3IO° BELA/AXIHY—2

( Me=7.0. «a = 307 .

Re~=2.5%x10° D

LA EEY

P Q--- Vindvard Symmetry

o X --- Leevard Syasclry
O--- Leadisg Edge

.t

Qmax = O.346 MW Onax ; Local Maxisum of the kose

(b) BA3I0° WML/ AIANT—Z

B4l ER, 7+ v 77 4 v RUBEE LT OMBRICH 5> ZEHm#sIH

This document is provided by JAXA.



HOPE OBHEESHENEEY 1av—Ya VI 29

Heat Transfer Distributions of HOPE 63 Model
along the Streamwise Coordinate

C Me=7.0, a = 407 ,

Rew=6.25%X10" >

I

o s Q- -- Tiadvard Symmelry '\
) % --- Leevard Sysmeiry
O --- Leadiag Edge

\‘\MW,MMﬁ

I

L

Q .0 R 5.0 8.0 1o, 9 t2.Q

Qmax = 0.167 MW Qaax ; Loca) Naximua of the Nose

(a) BHMAO® BLA/AXRY -2

C Me=7.0, a = 40",

Rew=2.5%X10° >

O--- Yisdvard Syamelry
X --- Leevard Sysaeiry
O --- Leadiag Edge

N b
o N | B
———— L

Q 2.0 4.8 6.8 2.0 ig. 0 12.0

\
S

/

Qmax = O0.327 MW Quax : Local Haxiaus of tde Rose

(b)Y AMA0" Ruq /XYY -2

K42 FR, 7+ 774 Y RURKLTOXMIMRICH 5> ZE7MMSH

VIBOHERTRECRASNT, A/ v xE
BEORETHALI LD, EMEBICLZEN
mEo FRMIERIEhTVLE EHEIN D,
FRtkhREic B 2B N0 LRI, FEFEED
HEFFFRIC B T 52 HOPE 62A KO #ESFiIc &£
ZBEEEEHMBAERRTOIRESNTED,
IFCER MO - TV A afEEREV, BL,
AEEORRBR TRABHORMESRS v r DL,
FHURIBSEBRORETH S, KBAAL°T
i3, BAXRESAOKSMITE LAIFRM TR
BN B,

43 13288 50° D IMBAHE R T WH 40°IC
H&ELTF 1 v 77 1 VERICH D ZESTIMBD I
IPHE LV, ATA T REERDMR EOELTRIMEA
DOEHZRIBENLTHWIE N,

K44 i3 FREBAHZ60°E Lt W-2FERD
WEAICBIAERTH S, M4l OHIGT 5
LA WXBTONHEHBEL TERRU T 4 v
77 4 VEIRICH O MBBRIHLLOEMENSET
EHHBAT B, 45, 46 BB 40°D = v KO

BV -2, RUOMBETBHRERRE5r—20
ZEHMBMOEERT, BRICKH DN hEH
BK420< 9y "BTODHRELRKEUHERBIRA
ShtE\,

K473~ v ~ET.0, BHELO KBV TERBDY
AR BOEVA / VABICBY AR
277, BB OYRIEEGICKH O MBS H
KEREICEh, BBV EEAITRRTRIicKk~XT
QEEBOMBMBE LTS, 12, F4 v T 74
VIR OMBMBER D B TRSHIcHED SN 5,
B LRRRE R FomBaF TR, &Ll s
ZBicbbhbbod, L2 icRohicthRET
OmEO FRERBSBEEI TV LY, ThidEg
Dickh FRFEOMNBVERIBRFRIICTh ST
Litk 3, (OFiOXREZE MBI I3 ORE
BEEShIcHALTWS,

8) HAKRUBRE LT OXPHRICKR > N5

i

48 B 5X] 54 R(NE D2 ImEs ks R o xt

WLEENSHERT. K48, 49tV THE

This document is provided by JAXA.



30

Heat Transfer
Model
C Me=7.0,

IO

a= 5 0%,

METFH BRI ERRE 1093 5

Distributions of HOPE 63
along the Streamwise Coordinate

Re-=2.5%x10° >

Heat Transfer Distributions of HOPE 63 Model
along the Streamwise Coordinate
C Me=12.0, a =40, Re~=6.95x10°% D

O--- Vindvard Symmelry

QO --- Vindvard Sysmelry c.2 I\
o2 X --- Leeward Symmetry X --- Leeward Symmetry
O--- Leading Edge O --- Leading Edge
. e.f A
o8 m \
N <L\ .
c.a ke oS T U e, \\
\ o j _,
\\ﬁ\J \—J . ~ L
C.L e L‘
3] z.6 4.€ 6. ¢ 2.0 oL 12.0
a z.C 4.0 6.0 8.0 Lo.e 12.¢
Qmax = 0.297 MW 0Qmax : Local Maxi of the Mose
Qmax - (0. 308 MW Qmar ; Local Maxiaum of the Nose axinue

X43 X®, 74774 YRUBEKLTO
XHPRBR I 5 Em#Rsr (@ 50°)

Heat Transfer

( M.=7.0. a =

X45 &=y N \BTOER, 749774 YRU
Bt L F OXPRRICH S MBS
GAf 40°)

Heat Transfer Distributions of HOPE 63 Model

Distributions of HOPE 63 w-2
Model along the Streamwise Coordinate
Re..=2. 56x10% )

along the Streamwise Coordinate
a = 40" .

( Mw=10.8, Re==1.3%10°% D

40°,

QO - - - Vindward Syssetry
X - -

O --- Leading Edge

T T |

- Q--- Vindvard Symmetry
’ X --- Leevard Symmetry
& --- Leading Edge

- Leevard Syametry

N o

7

\\

‘ W v A
cLn
€.9
2 S0 4.0 £E.0 2.0 tn.n iz.o
e 2.0 - £.0 3.0 [SANY] 2.9
Qmax = 0. 327 MW Qsax ; Local Waximus of the Nose Qmax = 0.059 MW Qaax ; Local Maxisum of the Kose

K44 W—2dK T, 5497724 RV K46 MHUETEUNRYy—2X0FE, 549774~

Bt LT ostpRgic i 5 21 n#s

(&

RUBEE LT O pRRIc# 5 2/

40°) (£ 40°)

This document is provided by JAXA.



HOPE OBEEEZENHME Y 1 a v —vYa V1 31

Heat Transfer Distributions of HOPE 63 Model
along the Streamwise Coordinate
¢ Mw=7_.0, e =40, B =5"., Rex=2.5%X10° D

LN A %

/\’\ Qmax = 0O.316 MW
R - 7 Quax ; Local Naxisum of the Nose

O --- Vindvard Symsmeliry

N N
\\ bt "‘\\ X --- Leeward Symaciry

& --- Side Slip Vindvard Leading Edge

oLz \\\f\_ <] X ---Side Slip Leewvard l.eading Edge

Q r.e 4.e £.0 2.0 tc. 0 12.0

K47 #EBOEOXR, 74 v 77 4 Y RURELET OXERRICR 5 22 71m#s1 4
GBA40° , B/ YH50°)

Pressure Distributions of HOPE 63 Model Pressure Distributions of HOPE 63 Model
along the Streamwise Coordinate along Lhe Streamwise Coordinatce
¢ Maw=7.0, « ==30", Rew=86.25X10% D C Mee=7.0. & = 30", Ree=2.5x10° D

£ Flin
.
I [ I ]
oL2 O-- Tindvard Syne:n 4 Ca O --- Hiadvard Sraneiry
e Leevfrd Syametry Lk X --- Leevard Syasetry |
O --- Leading Edge O --- Leading Edge
N

4 \ A Lt \\ Fay
| \

- —
NS ) U v

(3) BB3O* EUAIAXHY -2 (b) BAIO™ BLA/AXYY -2

X48 FH, 74 v 77 4 YVRUBEELTORBRIK > EHSH

This document is provided by JAXA.



32

Pressure Distributions of HOPE 63 Model
along the Streamwise Coordinate

C M

=7.0.

R

a ==40° ,

T HBERTRAEE 10035

Re~=6.25%x10% D

|

O --- Yindvard Syssetry |
X --- Leeward Symseiry
O ---Leading Edge

e T e
P‘\

~C
~INC

(a)

DH4a0° BUAJAIHTr~2

49 FE, 74 v 77« YRUOBKLTOMBRICHSENISH

Pressure Distributions o HOPE 63 Model
along the Strcamwise Coordinatce

( Me=7.0, a

e.

o

bl

5

O°. Rew=2.5%X10% D

e

o] Yindward Syametry
X Leeward Symmetry
\ < Leading Edge
\M—“"“““*—N—- ) ,\»\

N\

S

\f\*\

€

Z

e

F 3

.C

o ]

K50 ¥®, 749774 vRUREKLETO

sHERR IR S BN GBA50°)

Pressure Distributions of HOPE 63 Model
along the Streamwise Coordinate
( Me=7.0. a == 40 . Rew=2.5X10°% D>

Fofiie
h |
¢. s [\ O--- Vindvard Syaseley |
) X --- Leeward Symmetry
O --- lLeading Edge
.k
\_._..’»————-—N-\..‘..__,_,,_.
[

KM

_
D

) 2.0 4.€ 5.0 8.0 tg. 0 12.¢e

(b) VM40 ML A/ AXHY—2

Pressure Distributions of HOPE 63 WwW-2
Model along the Streamwise Coordinate
( M=7.0, a = 40°. Re-=2.5x%x10°% )

PR M
1.9 ‘
O --- Vindeard Syssetiry

c.8 X --- Leeward Syseelry

\ Q- - - Leading Edge
Q.5

\MWM\

[\

\M
€.2 \ \j \’\
€.0

¢ 2.8 J.€ 6.0 2.0 c.a 12.@

K51 W—2K, FR, 749774 YRV
FEi& LT osPrgicm > Ehiam
(£ 40°)

This document is provided by JAXA.



HOPE OB EEZENREY I 2 v—¥a V1 33

Pressure Distributions of HOPE 63 Model Pressurc Distributions of HOPE 63 Model
along Lhe Strcamwise Coordinate along the Strcamwise Coordinatle
¢ Mw=12.0., & =40 ., Rex=6.95X10% D € Mw=7.0, o ==40", B =5 . Rew=2.5X10° D

-~ Vindward Syamelry
-- Leeward Srametry
-- Side Slip Vindvard Leading Edge |
-- 8ide Slip Leeward Leading Edgze

RN
b0 l ‘ 1L
- O--- Viadvard Sysaetry | e f\
T © X --- Leevard Symselry

O --- Leadiag Edge
SN ot N
FN ] & \MMWF\ e ] 1 ; :\

SRR S wmmAN:

o Py

MO xO

——

[

o .0 E £.0 2.0 1n.n 12,0 0 2.0 4.€ 5.0 2.0 19.0 12.0

K52 Emeo " BETOXH, 749774 M54 HEOROIXE, 74 v 7714 YRUEK
BB LT OXERMRICK 5 570 96015 40°) LT oXERIcKR S ESSTH (B 40°)

Pressure Distributions of HOPE 63 Model jﬂ;l/,f/;pz*&;;;;ggnf;mz_a, X 51 @
e e S e ket anion > HOPE63W — 2R TR EH, 749 T 7 14 ¥
O EHEAERICHEBEL TEHASN S

o LEHEEY - BT H B,
9) KEZEHMES T OBE T ER RS &

O HB

HOPE 63 JEAk o B i & O Bl i O 22 1 #4536
DHEA, MR X 2 BETERRZESM

BAERS R & ERIIZIT - 1o
P 55 3 v ~BT.0, @A 30°, (&L vX
. R WTON S5 — 1oL BHEBRTH 5, RO ¥
o 2 Lot Syunetty M E, TREsERMEERL, BUERRELY
\ LA MBREEL TV 5, MRS — L0
A N A FOBfE, BUERK (m) BRI S %~
“ /\ i boroy-T, TERELBE-HLIIMHY
VR BohTW3, K56 EHA°OELA / VX
o —— : o, — 2T, EBRIER L -2 B TIMED
Coomemr e 2 T e W ROEEMRE N TV A, RROBRLE
e eIt ot | DTHOY =X TRIOX S KEENTNLNS
G 40°) Emd, ERICBALHOBESELLERD

This document is provided by JAXA.



34 i Ze F BRI FE R i 1093 5

Numerical

Experiment

0.42 0.51 0.80 .98 1.17 1.35 1.56 1,79 1.91 2.10 2.28 2.47 2.68 2.8¢ 3,09 3.2

Comparison of Heat Transfer Distributions
on the Windward Surface of HOPE 63 Model
Mw=7.0, a=30°, Rew.=6.25x10°%
(Low Reynolds Number Case)

M55 REHZE B O FEERfE & D HE
GoiFg 30°, fEL A /2 W REHr —R)

RETHAD, TNLUADFEBTIRFIE, FKEME
KB 3EBNERN—BMBRENTVE, K
57 13X 56 & [6] U &0l T DHEBFER TS 5,
EO & UL WEER IR T E hicfarT, BEET,
THEEig T4 9v 774 VRIBICK-THS
bhTwd, MiERESAEICBT 20MTHE
N EBH—BBB LTV S,

X 58 13:MAA0°DELVA / VA BT B
HTOREKTH B, VA1 /7 VAENELRBICD
homBELHML, KORTy— VI TH58A
oY) —O#EPFHCH B, TDF —RITBWT HEUE
ATEEERIBD TR —HETRT, X591
FEU s —20flEcolige, < cEiERIE
ROF 1 v 77 4 VHMUlOmETORIBERIEIC X
2 B OIS AR RO TIEMIT L 5 X
ShTWVW3B, D4 — R THBEERREERE
HicEhabH3EB3E—H LIy —VvDEL
N5, BL, 74 v 771 VEiGD Lin TERE

Experiment

R
0.63 0.75 0.87 0.99 1.10 .22 1.34 1.46 1.58 1.70 1.82 1.94 2,08 2.i7 2.28 2.4

Comparison of Heat Transfer Distributions
on the Windward Surface of HOPE 63 Model
Mw=7.0, a=40°, Re.=6.25xX10°%
(Low Reynolds Number Case)

56 MEIHEIZESIMBGY AR DSEERE & O g
GAIFH 40°, KV A 2 VB — 2)

FEWENMEEZRL, Ty LEHEIR T O
EARE B0, ZOFRRIZERTR—IKTHE
PIREL, T4 9774 VEiED XD SHRER
D/PNS WEFI T DIRESKD L1, MEE
FBAFHET A EICEBEELSND, BT
HEOELBBEE VA / VABOBSITIIRB &
o OEMESEE B,

60 &= v ~$12.0, WA 40° DIE T D LR
2RT, TOF —ATRMBEED Ry —VidET
Thas, ERHEAHRZE—KT E, < v
$12.0 T3 7 A/VHOFERERE OFF S E L <,
T D FHfli % & 0 1o 22T IEGAIE OMRE BSULEE T,
BEBRITOKRMMBHEEEZL N5,

PLo—#BoWBHER»S, FET - A =7
ZAHBRREH O ARBER T 2 — Fick D, »7iI
D OKEE CRRIBEERICB T A B FME T X
EfEROTONE S, £ FERERTIETH,
FEE & N7k TROWEEICAE $ 2 in#o v —

This document is provided by JAXA.



HOPE OBBITHRENBEY I 2 v—Ya v 35

o

M EREEEERLEEEE]

Numerical

Numerical

Experiment Experiment

L] L]
0.27 0.42 0.58 0.74 0.89 1.05 1.20 1.36 1.52° 1,67 1.83 1.98 2.14 2.30 2.45 2.61 0.42 0.97 1.4t 1.00 2.39 2.86 3.37 3.86 4.35 4.85 5.34 5.83 6.32 6.81 7.30 7.80
Comparison of Heat Transfer Pistributions Comparison ©f Heat Transfer Distributions
on the Side Surface of HOPE 63 Model on thé Side Surface of HOPE 63 Model
M.=7.0, a=40°, Re.=6.25x10°% w=7.0, a=40°, Re.=2.5x10°
(Low Reynolds Number Case) (High Reynolds Number Case)

157 QIEZESEG R O EERIE & o Hk 59  MIEZES MBS D FEERME & D Mk
G 40°, v A 2 VWXE S — R) G 40°, BV A 2 VR — R)

Numerical .
Numerical

Experiment ExXxperiment

A
.22 1.86 2.10 2,53 2.97 3.4] 3,85 4.28 4.73 S5.18 5.50 5.04 6.43 £.92 7.35 7.80 i.45 1.67 2.98 2,80 S8.)) 3.52 2.94 485 4.77 597 5.80 §.00 542 8.4 2.25 .87

comparison of Heat Transfer Distributions
on the Windward Surface of HOPE 63 Model
M.=7-0, a=40°, Re.=2.5%10°

Comparison of Heat Transfer Distributions
on the Windward Surface of HOPE 63 Model

M.=12.0, a=40°, Re.=6.95X10"
(Hish Reynolds Number Case) 6 Q

58 MEMIZESIMEG fh O FEERRE & O g 60 Hﬁ?ﬁiéﬁﬂuﬂ@ﬁ@%@ﬁﬁ & DHIER
GO 40°, By A 2 VB — R) GRf 40°, = v N — R)

This document is provided by JAXA.



36 BZE T HBEROI RS 1093 5

JZDbDELLZBILRBFEICHRET, D
ECOBBEHEOFRENRENL I,

10 2Bz SIm#shrtE O

(9)E T I3 K2 MBS O E BRI T BT
W, BE-HLERSEOM, KETREL
DOBRIEH S, MBF— 7 R3S OFEENH 5
LEZ, ThoREHER, BBESREHCRILT
31:%, BEE L TRHENERTOZEMN#MD 7~
s %2EHL, RRNCGHEY - Ao LB %
795, HBROFHRIDABHR, DHEL0°TOV
17 VR, RUBFERE ERBBREAL K
Bl W-2FROBVWICXBERMRD
3HTH b,

K6lice v 870, v4 /7 VXE25X10°D
WA 30°, 40°, S50°icB AMEE MM H %
AT, EXIOTRHIOFES I IR 2RI B LD
REEE D 5> N — AW AR RIOBRTFRES %
# LU, SNAERICIEBETES 1ot sHmEit
O N TV 5, MBS 3R _EJIx3 R
DOYWHEICK>T, 737 TREPOAIKHED -

Q (CAL/CM2/8SEC)
10.0

8.0

6.0

[ |

40

> 2.0

0.0
1=1 1 11 21 31 41 51 61 71 8]
]

602
X - - ¢ = &0
- = w'
oo Q (CAL,/CM2,/SEC)
100
80 /\
6.0 <
\\\A
40 —
D 2.0
0.0
1-2 1 11 21 31 41 51 61 71 81

Comparisos of Heat Transfer Distributions )

of HOPE 63 Model at Differeat Angles of Attack
(M. = 7.0, Re. = 2.5x10° }

T7oy PETW3, M7 5 7O ESJ
REERARCKRSBFRESTI=1 RBE&KRL
filxtFrgR, J=281 REH I OIHRITXNET 5,
FRRUF 49774 VORI A Vi3 J=331IC
NEd 5, KEizm#mEdc, BAEmE (m®) 8
MG Hi-bDdHo ) —2H 50T,

£ 735 71306 30°, 40°, 50°DFREZE M
BMUREIZHTRENTVS, =1 56[=40
SRERSE N OB T3l 30°OMMBEHIKE (, 1=
505 I=10 1K TR 4 ITEA 50° 0 m# s
oA olE%E kB2 &SI b, T OBICER
B -7 3B E S J=18FfhEicBh 585,
ChigWERicdoh b k5, RhdRELSE
ETHE» SHBFEEOPSVHEZEIHDIASL, T
BIhBEBRESH BB LicRET 5, [=11
D5 16 OWEIC P TE — 7 IO MMARIIE
LTV, [=21 OBEH» SR A b L — 7 5L
b ESHEEY, A Lv—27BERMTEO J=28
Eom#iza ERY 5, X b L —2 FTHEROM#I
A0 — ABEDBIKTTWS, FTROEK

Q (CAL/CM2/SEC)

10.0
8.0
-
60 A\
\\
40 "\:\
\\y__
D 20
P —
0.0
L3 1 11 21 31 41 51 61 71 81
I
¢--1=30
X - - ¢ =40
E--4=50
Q (CAL,/CM2,/SEC)
10.0
8.0 P>
eo 1\
w0 1N
’\t\
D 2.0 NN
-‘5&\‘1\4-_’
0.0
1=4 1 11 21 31 41 51 61 71 81

. i
Comparison of Heat Transfer Distributions

of MOPE 63 Model at Different Angles of Attack
{ Mo = 7.0, Re. = 2.5x10% }

K61 A X 3MEZE )M HOE

This document is provided by JAXA.



HOPE OBEBEEZEHBEy 1 al—va /1 37

Q (CAL/CM2/SEC) Q (CAL/CM2/SEC)
10.0¢ T ] 10.01 I
8.0 8.0
6.0 6.0 ’)]
4.0 40
2.0
2.0 N
\M
00 1 - 00
1=5 1 11 21 31 41 51 61 71 81 L-9 1 11 21 31 41 51 61 71 8!
bl J
o --1:=130 O --46=30
x - -1 = 40 X - - g = M
E--1:=5% E--a:=%0
Q (CAL/CM2/SEC) Q (CAL/CM2/SEC)
100+ I ) 100
8.0 80
Q ‘1 A
40 /)
\ 40 P \
2.0 20
00— 0.0
I=6 111 21 31 41 51 61 718 110 1 11 21 31 41 51 61 71 8
! 3
Q (CAL/CM2/SEC) Q (CAL/CM2/8EC)
10.0 10.0
8.0 8.0
80 4 6.0
40 4.0 ’;\
L1
2.0 2.0 3\
0.0 —— 0.0 N&
1=1 1 11 21 31 41 51 61 71 81 e 1 11 21 31 41 51 61 71 81
} J
6--4=3%
¢-- =30 4= O
X - - 0= 40 E- e
$--¢=50 ) Q (CAL,/CM2,/SEC)
Q ( CAL/CM2,/SEC) 100
10.0 I ‘
| |
8.0
6.0
v/
i
40
2.0
20 k.
S 0.0 ﬁ-‘d

oo 1=12 111 21 31 41 51 61 71 8l
1-8 1 11 21 31 41 51 61 71 81

)

]
Comparison of Heat Tramsfer Distributions
of HOPE 63 Model at Different Angles of Attack
(M = 7.0, Re. = 2.5x10° )

Comparison of Heat Transfer Distributioas
of HOPE 63 Model at Diffecent Angles of Attack
{ M. = 7.0, Re_ = 2.5x10% )

X6l %t

This document is provided by JAXA.



38

Bz T HERPTFATE 1093 5

Q (CAL,/CM2,/SEC)

10.0

8.0

6.0 —

4.0

—1/

20 \
i
00 L_1. ‘:&a
1 11 21 31 41 51 61 71 8!

1=13 ,
G- -4 =30
X - - =40
800 o (CAL/CM2/SEC)
80 —
60 —+
40 Vs
:-:?
20 1 \
0.0 LM
1 11 21 3t 41 51 61 71 8
1=14
J
Q (CAL,/CM2,/SEC)
10,0
8.0
6.0
40
“f
=]
.-—//
2.0 \
e
0.0 B
T I 1t 21 31 41 51 61 71 81
1
¢--e=%
« - - ¢ =40
1--a=% o (CAL,/CM2/SEC)
10.0
8.0 .
6.0
40
o}
2v0 | I—
0.0 ™
-6 L 1l 21 31 41 51 61 71 8

J
Comparisca of Kest Transfer Distributions
of HOPE 63 Model at Different Angles of Attack
(M. = 7.0, Re. = 2.5x10' )

K61 %t

Q (CAL,/CM2,/SEC)

10.0 [ )‘l
8.0 ~—
6.0
40 —
ﬁ/\
2.0 \
00
- 1 11 21 31 41 51 61 71 81
J
o --1=30
X~ - =40
E--1=5%0
Q (CAL/CM2/SEC)
l0.0r I _]
80
6.0 —
40 k
ﬁﬂ‘
20 P \
00 L ~
1 51 61 7] 81
I-18 1 11 21 31 41 51 6 ]
J
Q (CAL,/CM2,/SEC)
100
80 [—
6.0
4.0
==
20 T T
0.0 )
Lo 1 11 21 31 41 51 61 71 81
1
¢~ e= 30
x -~ 4 =40
£--1=50
Q (CAL,/CM2/SEC)
10.0(
8.0
6.0
40
-;JJ\
2.0
0.0 —
Te=20 1 11 21 31 4 51 61 71 81

Comparison of Heat Transfer Distributions
of HOPE 63 Mode] at Different Angles of Attack
(M = 7.0, Re. = 2.5x10% }

This document is provided by JAXA.



HOPE 0BT EZLIBYEY I av—vYa v

Q (CAL/CM2,/SEC)

10.0
8.0
6.0
4.0
™
2.0 \/
0.0 x
I=21 T 11 21 31 41 51 61 71 81
H
0--¢=30
X - - ¢ = &0
T--¢=50
Q (CAL//CM2,/SEC)
10.0
8.0
6.0
40
el
2.0 :
1 31 21 31 41 51 61 7% 81
1=2
J
Q (CAL/CM?2,/SEC)
10.0
8.0
6.0
4.0
:’55& A
2.0
P
0.0
1 11 21 31 41 §1 61 71 81
1=123
¥
G- -0 =30
X - -9 =40
Pooee® o (CAL/CM2/SEC)
10.0
30
6.0
4.0
e
——
2.0 V
00 ™
1=2 1 11 21 31 41 51 81 71 81

¥
Comparison of Heat Transfer Distributions
of HOPE 63 Model at Different Angles of Attack
(M. = 7.0, Re. = 2.5x10% )

K61 ¥t

39

Q (CAL/CM2/SEC)

10.0

8.0

6.0

4.0

b=t
|t

20
00 L1 ‘
-3 I 11 21 31 41 51 61 71 81
J

4--¢=3
X - - ¢ = &0
Pooes® G (CAL/CM2/SEC)

10.0 T

8.0

6.0

4.0

2.0 v

0.0 \lf
1-26 1 11 21 31 41 51 61 71 81
J

\l

Q (CAL/CM2/8EC)

100

8.0

6.0

3=

2.0

L\

0.0

1 11 21 31 41 51 61 71 81
J

1=2

6 --4¢=30
x - -4 =407

T-o =% O (CAL/CM2/SEC)

10.0 T

80

6.0

=N

2.0

0.0
1=28 T 11 21 31 41 51 61 71 81
J

Comparison of Heat Transfer Distributions
of HOPE 63 Model at Different Angles of Attack
{ W = 7.0, Rew = 2.5X10% }

This document is provided by JAXA.



M FHBRHARRE 1093 5

Q (CAL,/CM2,/SEC)

100

8.0

-

6.0

A\

20

0.0

0~-a=
X--q
Z--1

§88

"

1 11 21 31 41 51 61 71 81

J

Q (CAL/CM2,/SEC)

10.0¢

8.0

6.0 ]
4.0

2‘0 r

NPR

b 11 21 31 41 51 61 71 81

J

Q (CAL/CM2/SEC)

10.0

8.0

6.0

4.0

0.0

1 1

6--e¢=3
X - - g = &0
T--4=50

J

Q (CAL,/CM2/SEC)

10.0

8.0

21 31 41 51 61 71 81

6.0

2.0 L
0.0

111 21 31 41 51

1=232

Comparison of Heat Transfer Distributions

of HOPE 63 Model at Different Angles of Attack

{ ¥ = 7.0, Re. = 2.5210% )

61 71 81

J

61 #E

Q (CAL,/CM2,/SEC)

10.0["[

8.0
6.0
40 /
2.0 \
0.0
e 1 11 21 31 41 51 61 71 8i
¥
9--e¢=3
X - - g = &0
1--¢=3% o (CAL/CM2/SEC)
100‘7 {‘—I
8.0
60 —
40 'z
2.0
00 L et
- 1 11 21 31 41 51 61 71 81
J
Q (CAL/CM 2/SEC)
10.0
8.0
6.0
40 -
//
20 _,/
0.0
1 11 21 31 41 51 g1 71 81
=35
]
0--a4=30
X - -t = &0
X--a=50 Q (CAL/CM2,/SEC)
100
8.0
6.0
40 '
o [ AL
0.0 y;
1 11 21 31 41 51 61 71 8
1=36

)

Comparison of Heat Transfer Distributions
of HOPE 63 Model-at Different Angles of Attack

( Ha = 7.0, Re. = 2.5x10*

}

This document is provided by JAXA.



HOPE @Eﬁgﬁ?‘gﬂﬁ@/ I alb—vYavi

Q (CAL/CM2/SEC)

10.0
8.0
6.0
4.0 ~
A
2.0 /‘,/
0.0 al
1 11 21 31 41 51 61 71 81
1=237
I
¢ - - =30
X - -8 = A0
L Q (CAL/CM2/SEC)
10.0
8.0
6.0
40 ';f
20 Y
0.0
1 11 21 31 41 51 61 71 81
1=38
J
Q(CAL/CM2/SEC)
10.0
8.0
6.0
40 P . W
20 X
0.0 tosat™
U1l 94 3% 41 51 61 71 81
1=3
J
0--1=30
% - - 0= A0
B-- =50 Q (CAL/CM2,/SEC)
10.0
A
B.D
6.0
40 =
2.0 i
0.0 -
1 11 21 31 41 51 61 71 81
I =40
}
Comparison of Heat Transfer Distridutioms
of HOPE 63 Model at Differeat Amgies of Attack
(M = 7.0, Re. = 2.5x10* )

X6l #t

AS

1=

41

0 - -
X--4
E--1s

43
¢--«
X--4¢
2--1

4

&Y

30
40*
50°

10.01 l

8.0

6.0

4.0

2.0

0.0

41

Q (CAL/CM2/SEC)

A

[

24

1 11 21 31 41 51 61 71 8l
i

Q ( CAL,/CM2,/SEC)

100

8.0

Lt
A

00 I ——t
1 11 21 31 41 51 61 71 8!

i

20

Q (CAL/CM2/SEC)

10.0

80 —

6.0 /
4

4.0 g

290

0.0

111 20 3t 41 51 61 71 8l
]

Q (CAL,/CM2/SEC)

10.0

8.0

6{)/
Ty

2.0

0.0

_-
71 8l
J

1 11 21 31 41 51 61

Comparison of Heat Transfer Distridutions
of ¥OPE 63 Model at Different Angles of Attack
(Mo = 7.0, Re. = 2.5x10% )

This document is provided by JAXA.



42

1 =45
0- -
X - -
X--1

1= 46
|
|
¢
L —
I =47
O--
X - -
2--¢

&8

50°

588

BT HENT RS 10935

Q (CAL,/CM2,/SEC)
100

8.0

6.0 ﬂ

f
W
0.0 k

1 tt 21 31 41 5t 61 71 81
]

Q (CAL/CM2/SEC)

10.0

8.0

6.0 7

40 cf

2.0

0 \ -
1 11 21 31 41 51 61 71 81

J

Q (CAL/CM2/SEC)

100~

8.0

oo [
wl
77
0:0 k s’

v
I 11 21 31 41 51 61 71 81
)]

Q (CAL,/CM2,/SEC)

10.0

80
6.0 ﬂ /
40

)
20 |
00 L

T 11 21 31 °41 51 61 71 81

Comparison of Heat Transfer Distributions
of HOPE 63 Model at Different Angles of Attack
(M. = 7.0, Re. = 2.5x10* )

BI61

A=

1 =49
o -- =3
X - -4 =80
B--4=50"
1 =5

L

I=95
o- -
X- -4
X--2

1=752

L

Q (CAL/CM2/SEC)

10.0

8.0

6.0 f
w LA

2.0 ‘

00 L \
1 11 21 31 41 51 61 71 81

J

Q(CAL/CMZ/SBC)

10.0

8.0

6.0 J

4.0

2.0 C7

\|

1 11 21 31 41 51 g1 71 8t
J

Q (CAL/CM2/SEC)
10.0 T

8.0

6.0

4.0

i

2.0

0.0

I 11 21 31 41 51 61 71 81
1

Q (CAL/CM2/SEC)

10.01

8.0

6.0

10 )
sk

20 \\x

0.0

1 11 21 31 41 51 61 71 8

}

Comparison of Heat Transfer Distributions
of HOPE 63 Model at Different Angles of Attack
(Mo = 7.0, Reo = 2.5x10% )

This document is provided by JAXA.



HOPE DRBEEHEEHEIEY 1 ab—Ya V1 43

Q (CAL/CM2/SEC) Q (CAL/CM 2,/SEC)
10.0 10.0
8.0 8.0
6.0 6.0
h
40 \\ 40 \ \\
Al \
2.0 X
0.0 _\% 0.0
1 11 21 31 4 51 61 71 8i g 1 11 21 31 41.51 61 71 81
1 =733 ; J
0--e= X
0 - -« =230 X - - 4 = W0
X - 640 R- -4 Q (CAL/CM2,/SEC)
2--e=50 Q (CAL/CM2/SEC) 10.0
10.0
8.0
8.0
[\ 6.0 )
6.0 &
40
4.0 \
1 0 BN
2.0 Q&
0.0
00 s 1 11 21 31 41 51 61 71 81
- 1 11 21 31 41 51 61 71 81 )
)
Q (CAL,/CM2/SEC) Q (CAL/CM2/SEC)
100 10.0 —
8.0 8.0
6.0 ﬂ\ 60 k
49 \\‘ | 40 \
2.0 \:X 20 \‘\\
0.0 0.0 -
s T 11 21 31 41 51 61 71 81 L5 111 21 31 41 51 61 71 81
' J
0--1=30 A
rooas o T (CAL/CM2,/SEC)
LRSS Q (CAL/CM2/SEC) 3--e=
10.0 T N 100
8.0 8.0
6.0 6.0 A
ﬂ 4.0
\ N |
20 N 20 s
! Y \‘
00 00
. I 11210 31 41 51 61 71 81 I-60 11121 3tal 51 61 71 8
- i
]
Comparison of Heat Transfer Distribations Comparison of Hest Transfer Distribations
of HOPE 63 Model at Different Angles of Attack of HOPE 63 Model at Different Angles of Attack
( Mo = 7.0, Re_ = 2.5x10% ) (M. = 7.0, Re. = 2.5x10% )

X6l %t

This document is provided by JAXA.



44

T HERTHRA#E 10935

Q (CAL,/CM2/SEC)

Q ( CAL,/CM2,/SEC)

10.0 10.0
8.0 8.0
6.0 A 6.0
40 \ 40
20 @ \; 20 Q/ \\
. 0.0 M 0.0
e 1 11 21 31 41 51 61 71 81 165 1 11 21 31 41 51 61 71 81
J ]
6--1=% 0--¢=30
X - - 4= &0 X - -0 = &0
- -a=50 Q (CAL/CM2/SEC) I--4¢=50 Q (CAL,/CM2,/SEC)
10.0 10.0
8.0 8.0
6.0 A 6.0
40 40
- B 20 B
0.0 v %& 0.0
=62 1 11 21 31 41 51 61 71 81 e 1 11 21 31 41 51 g1 71 81
J J
®61 &
Q (CAL/CM2,/SEC) Q (CAL,/CM2/SEC)
10.0 10.0
8.0 } 8.0
6.0 m 6.0
C 40 40
20 PA 20 o/
0.0 \ %L 00 [
L6 111 21 31 41 51 61 71 81 teer I 11 21 31 41 51 61 71 8)
) i
¢--1=30 O - - ¢=130
X--as X - -4 s b
X--1=50 Q (CAL,//CM2,//SEC) 3-- 6= Q (CAL,/CM2,/SEC)
10.0 10.0
8.0 l 8.0
6.0 6.0
40 40
' ?’Z 2.0
2.0 g e
0.0 v 0.0 __J
- 1 11 21 31 41 51 61 71 81 e 1 11 21 31 41 51 61 71 81

Comparison of Heat Transfer Distribatioms
of HOPE 63 Model at Different Angles of Attack
(Mo = 7.0, Re. = 2.5x10% }

1

K61 &

]

Comparison of Meat Transfer Distributioas
of HOPE 63 Model at Different Angles of Attack
(Mo = 7.0, Re. = 2.5x10* )

This document is provided by JAXA.



HOPE ORBBEHLEHEEY I av—Ya 1

Q (CAL/CM2,SEC)

10.0

8.0

6.0

4.0

20 P
]

oo Akt

1=6% 1 11 21 31 41 51 61 71 81
]

g5 3

Q (CAL/CM2/SEC)
10.0

8.0

6.0

4.0

2.0

0.0

1=70 111 21 31 41 51 61 71 81
]

Comparison of Heat Transfer Distribotions
of HOPE 63 Model at Different Angles of Attack
( M. = 7.0, Re. = 2.5x10% )

Bl61 %t

ENATTIREI=39 OWE» 5 I3BUOE -7 25
BHh, 1=40 OfIE T 30°, 40°DZE M
COEBTORSEESEE 5, 1@ 50° TRFHN
NEGSHERTEGREO =47 OFEME RO
B,
F4wT74vDbHNBI=5205]1=56
OWETIRT 4 v 77 4 YRIBTRERNICED T
KEGEm#EHsg| X sh, =54 OLLE THA
HInBEMEEE s, COY—27B3EHN°BLUY
40°04r — 2 TRIFFEILMAT, @#H/0°TRIN
W TFEIZ, BEDF 4 v 77 14 v LIGTRAIR
OHRERVSEDT B0, AN OERT,
m#izE o ERL, =4 OFETRESEE T
T, [=65 Do EDT 4+ v 77 4« VERETHR
BSHhORESRICLD, ZHMEsS8ICK
LLTOLL,

K62ik< v ~"57.0, @ADL A /2 VI
X ARMENOZEIMBMBOBVERLLDD
ThHb, —BHUCEAMBRI VA, VIBOFES

62

X
¢

X -

o - -

1=1

- - Re. = 2.5 x10*

- - Re. = 6.25x10%
1=2
I1=3

~ Re. = 2.5 x10*

Re. = 6.25x10°
1=k

10.0

8.0

8.0

4.0

2.0

00

45

Q (CAL,/CM2/SEC)

1 11 21-31 41 51 61 71 81

10.0

8.0

6.0

4.0

2.0

0.0

10.0

8.0

6.0

4.0

2.0

0.0

16.0

8.0

6.0

4.0

2.0

0.0

J

Q (CAL,/CM2/SEC)

1 11 21 31 41 51 61 71 81
J

Q ( CAL/CM2,/SEC)

RSN

1 11 21 3t 41 51 61 71 81
J

Q (CAL/CM2/SEC)

AN
Ay .

1«11 21 31 41 51 61 71 81
i)

Comparison of Heat Transfer Distributions
of HOPE 63 Model at Different Reynolds Numbers
(M. =7.0, ¢ =& )

RS- (PR Hikwa)it okl

DEAL

This document is provided by JAXA.



46

¥ - - Re. = 2.5 xi0°
6 - - Re. = 6.25X10°

X - - Re. = 2.5 x10*
9 - - Re. = 6.25x10°

FEFRHBERARARE 10935

Q (CAL/CM2/8EC)

100
8.0
6.0
N\
40 \\
20 N
Nl N
I
0.0 —
1 11 21 31 41 51 61 71 81
J
Q (CAL,/CM2,/SEC)
10,0
8.0
60 b4
NER)
»
NaANN
\\’\
0.0
1 11 21 31 41 51 61 71 81
I
Q (CAL,/CM2,/SEC)
10.0}—
8.0
6.0
4.0
N
—1 NN
20 S
\
0.0 \““—\‘—%

10.0

8.0

6.0

4.0

2.0

0.0

1 11 21 31 41 51 61 71 81
]

Q (CAL/CM2/SEC)

Al
\Q\

]

T 11 21 31 4t 51 61 71 81

1

Comparison of Heat Transfer Distributions
of HOPE 63 Model at Different Reynolds Numbers
(M. =7.0, ¢4 =40)

K62 ¥t

x - - Re. = 2.5 x10¢
o - - Re. = 6.25x10%

X - - Re. = 2.5 X10°
¢ - - Re. = 6.25x10°

Q (CAL/CM2,/SEC)

10.0 l
8.0
6.0 /
o N
2.0 j/\\
0.0 ——
1 11 21 31 41 51 61 71 81

10.0

8.0

6.0

40 A /\

20 E\
0.0

10.0
8.0
6.0
40

20

0.0

10.0}

80

6.0

4.0

20

0.0

J

Q (CAL/CM2,SEC)

I 11 21 31 41 51 61 71 81
]

Q (CAL/CM2/SEC)

D>

L

\ e
1 11 21 31 41 51 61 71 81
)

Q (CAL/CM2/SEC)

m—— \
o= S SR
1 11 21 31 41 51 61 71 81

J

Comparison of Heat Transfer Distridbutions
of HOPE 63 HModel at Different Reynolds Numbers
(M. =7.0, ¢ =40 )

This document is provided by JAXA.



HOPE OB EEZT HHEY I av—va 1 47

CAL/CM2,/SEC)
Qf / 4 Q (CAL/CM2/SEC)

10.0
10.0'
8.0
8.0
6.0
6.0
w A
el 4‘0
P ’_/
“ETIN 20
\ .
00 N i N
0
. 1 11 21 31 41 51 61 71 81
v ! 1=1 1 11 21 31 41 51 61 71 81
}
X - - Re_ = 2.5 xi0* R
¢ - - Re. = 6.25x10° X - - Re. = 2.5 xi0
Q (CAL/CM2,SEC) 9 - - Re. = 6.25x10° Q (CAL/CM2/SEC)
o0 100
2.
’ 8.0
40 o
6.0 a
- 40 j
L
M N 20 10
10.0 —— o -

1 11 21 31 41 51 61 71 81

I=14 . =18 1 11 21 31 41 51 61 71 81
)
Q (CAL/CM2,/SEC) Q (CAL//CM2/SEC)
0.0 10.0
2.0 8.0
4.0 6.0
6.0 4.0
Y ‘\ _,,/\1
8.0 20
[
10.0 - - 0.0
=15 1 11 21 31 41 51 61 71 81 I=19 1 11 21 31 41 51 61 71 8!
J ]
x - - Re. = 2.5 x10° X - - Ren = 2.5 x10%
¢ - - Re. = 6.25x10° CAL,//CM Z/SEC) ¢ - - Re. = 6.25X10%
Q 4 Q (CAL,/CM2,/SEC)
10.0
10.0
8.0
8.0
6.0
6.0
40
/\ 40 W,
[
0 A w0 E)
00 S — - 00
1 11 21 31 41 51 61 7! 8l '
1=16 , 1-=120 1 11 21 31 41 51 61 71 8!
Comparison of Heat Transfer Distribstions Comparison of Heat Transfer Distributions !
of HOPE 63 Model at Different Reynolds Numbers of HOPE 63 Model at Different Reynolds Numbers
(M =70, ¢ =40 ) (M. =7.0, ¢ = 40" )

62 &

This document is provided by JAXA.



48

X - - Re. = 2.5 x10*
¢ - - Re. = 6.25x10°

X ~ - Re. = 2,5 x10*
0 - - Re. = 6.25x10%

1=2

FEFEHERT RS 1093 5

Q (CAL,/CM2,/SEC)

10.0

8.0

6.0

4.0

)
2.0 w—r/\ék

0.0

1 11 21 31 41 51 61 71 81
]

Q (CAL/CM2/SEC)
10.0

8.0

6.0

4.0

2.0
,._JV&

0.0

1 11 21 31 41 5t 61 71 81

J

Q (CAL/CM2,/SEC)

10.0

8.0

6.0

4.0

A

2.0

0.0

1 11 21 31 41 51 61 71 81
]

Q (CAL/CM2/SEC)
10.0

8.0

6.0

4.0

\

2.0 'J\L//Q

0.0

P11 21 31 41 51 61 T1 81
J

!

Comparison of Heat Transfer Distributions
of HOPE 63 Model at Different Reynolds Numbers
(M =7.0, ¢ = 40" )

K62 #t

X - - Re. = 2.5 xi0*
0 - - Rea = 6.25¢10°

1=27

x - - Re. = 2.5 x10°
¢ - -~ Re. = 6.25x10%

1=128

Comparison of Heat

Q (CAL/CM2/SEC)
100

8.0

6.0

4.0

Lot
20
4

1 11 21 31 41 51 61 71 81
]

0.0

Q (CAL/CM2/SEC)

10.0

8.0

6.0

4.0 /\ ]‘

2.0

\

I

A

1 11 21 31 41 51 61 71 8]
J

0.0

Q (CAL,/CM 2,/SEC)

10.0

8.0

6.0

40 R

el

2.0

0.0

1 11 21 31 41 51 61 71 81
]

Q (CAL/CM2/SEC)
10.0
8.0
6.0
40 a
/ﬂ
20 f
A
0.0

I 11 21 31 41 51 61 71 81

J
Transfer Distribations

of HOPE 63 Model at Different Reynolds Numbers
(M =7.0, ¢ = 40" )

This document is provided by JAXA.



HOPE OBBEEZEHEHEY 2 v—va 1 49

Q (CAL,/CM2/SEC)

10.0
8.0
6.0
4.0 =
A\
2-0 M—x\“f\
0.0
1=29 1 11 21 31 41 51 61 71 81

)

X - - Re. = 2.5 x10*
0 - - Rea = 6.25x10°
Q (CAL,/CM2/SEC)

10.0
8.0
6.0
4.0
=l
20
AV
)
0.0
i=30 1 11 21 31 41 51 61 71 81
i
Q(CAL/CMZ/SEC)
10.0
8.0
6.0
4.0
0 /
2.
U
—/ )
0.0
1=31 I 11 21 31 41 51 61 71 81

]

X - - Re. = 2.5 x10*

0 - - Re- = 6.25¢10°
Q (CAL/CM2/SEC)

10.0

8.0

6.0

40

2.0

)
_’4‘?
0.0 4 A

1=3 I 1t 21 31 41 51 61 71 8l
J

Comparison of Heat Tramsfer Distributions
of WOPE 63 Model 21 Different Reynolds Numbers
(M =7.0, ¢ =40 )

X 62 %

Q (CAL,/CM2,/SEC)
10.0

8.0

6.0

4.0
%
-

2.0

0.0 V'\

1=33 1 11 21 31 41 51 61 71 8I
)

x - - Rea = 2.5 x10°

¢ - - Rea = 6.25x10*
Q ( CAL/CM2/SEC)

10.0

8.0

6.0

4.0

2.0

o

0.0 _\

T=3% 1 11 21 31 41 51 61 71 81
}

Q (CAL,/CM2/8SEC)

10.0

8.0

6.0

4.0

A/
2.0 /-\

0.0

1 11 21 31 41 51 61 71 81
i

1=135

% - - Re. = 2.5 x10*

0 - - Re. = 6.25x10° Q (CAL/CM2,/SEC)

10.0

8.0

6.0

4.0

2.0

Nadh

1=36 1 11 21 31 41 51 61 71 81
J

Comparison of Heat Transfer Distributions
of HOPE 63 Model at Different Reynolds Numbers
(Mo =7.0, ¢ = &0° )

This document is provided by JAXA.



50

BEFHBRR RS 1093 5

Q (CAL/CM 2,/SEC)

10.0

8.0

6.0

4.0

A/
=/ TN

0.0  oar’
=137 1 11 21 31 41 51 61 71 81
)

2.0

X - - Re. = 2.5 xi0°

o - - Re. = 6.25¢10° Q (CAL/CM2,/SEC)

10.0
8.0
6.0
4.0 / \
2.0
0.0
1- 38 1 11 21 3t 41 51 61 71 81

J

Q (CAL/CM2,/SEC)

10.0
8.0
6.0
40 N
W)
2.0
TV
0.0
1-3 1 11 21 3t 41 st 61 71 81

I

¥ - - Reg = 2.5 x10*

0 - - Re. = 6.25¢10°
Q (CAL/CM2,/SEC)

10.0 amm

8.0

6.0

|

4.0 \
o MO
addl!

N

0.0

1= 40 11 21 31 41 51 61 71 81
J

Comparison of Heat Transfer Distributions
of HOPE 63 Model at Different Reynolds Mumbers
(Mo = 7.0, ¢ =40 )

X62 %t

Q (CAL/CM2/SEC)
10.0

8.0

o L]

40

o A
\

- Y

0.0

¥
I 11 21 31 41 51 61 71 8t
J

1=4

X - - Re. = 2.5 110¢

0 - - Re. = 6.25x10°
Q (CAL,/CM2,/SEC)

10.0

8.0

6.0

RNV
RN
/

W/

et ™

20

00 e
Lo 1 11 21 31 41 51 61 71 81
]

Q (CAL/CM2,/SEC)

10.0

8.0

6.0 /

o A
sl

1 11 21 31 41 51 61 71 81
}

I =43

X - -~ Re. = 2.5 x10*¢

9 - - Re. = 6.25x10%
Q (CAL/CM2/SEC)

10.0

8.0

oo |11/
w L
MOA

El
0.0

1 11 21 31 41 51 61 71 81
J

=4

Comparison of Heat Transfer Distributions
of HOPE 63 Model at Different Reynolds Numbers
(Mo =7.0, 4 =40 )

This document is provided by JAXA.



HOPE OBBEEZHEEY {2 v—Ya ¥

Q (CAL/CM2/SEC)

51

Q (CAL/CM2,/SEC)
10.0

8.0

]

8.0

4.0 \f
o [ A

0.0

1 11 21 3t 41 51 61 71 81
}

Q (CAL/CM2/SEC)

10.0

8.0

6.0 =

4.0 \/ w\

20
A

0.0

71 81
J

1 11 21 31 41 51 61

Q (CAL/CM2/SEC)

10.0

8.0

6.0

4.0

20 |~

{

0.0

111 21 31 41 51 61 71 81
J

Q {CAL/CM2/SEC)
10.0
8.0
6.0
4.0 \‘
2.0 s \
d
0.0
111 21 31 41 51 61 71 8t

]

Comparison of Heat Transfer Distributions
of WOPE 63 Model at Different Reynolds Numbers
(Ko =7.0, 12 =40 )

10.0 1
8.0
6.0 ’
4.0 VJ/ \
NP4
- \
0.0 L
=4 1 11 21 31 41 51 61 71 8 1-49
3
X7 Re. =25 xi0f X - - Rew = 2.5 x10¢
¢ - - Re. = 6.25x10* .
€ * Q(CAL/CM?/SEC) ¢ - - Re. = 6.25¢10
10.0
8.0
0 | \\
40 \/_/ |
“*\.//
0.0 ot
T= 86 1 11 21 31 41 51 61 71 81 =30
|
Q (CAL/CM2/SEC)
10.0
8.0
6.0 \
4.0 \f;/
» MA
'\.//
0.0
. I 11 21 31 41 51 61 71 81 15
]
X - - Rea = 2.5 x10° .
¢ - - Re. = 6.25x10* X - - Re, = 2.5 x10
¢ - - Re. = 6.25x10%
Q {CAL/CM2/SEC)
10.0
8.0
6.0
4.0 w/
2.0 1/
w/ | .
0.0
1=75
I - 48 b 11 21 3t 41 51 61 71 81
1
Comparison of Heat Transfer Distributioas
of HCPE 63 Model at Different Reynolds Numbers
(M =70, ¢:=400)
K62 #t

This document is provided by JAXA.



92

A

1=53

x - - Re. = 2.5 x10°
0 - - Re. = 6.25x10*

1 =5

S

1=255

x - - Re. = 2.5 x10*
4 - - Re. = 6.25x10°

A

1=75

Bz FH R ANRE 1093 5

Q (CAL/CM2,/8EC)
10.0

8.0

6.0

4.0

|
20 v \
\

-
0.0

1 11 21 31 41 51 61 71 81

Q (CAL/CM2/SEC)
10.0

8.0

‘\
2.0
FAVE
0o [
1 11 21 31 41 51 61 71 81

Q (CAL//CM2/SEC)
10.0

8.u

6.0

Naan|
\
\

20 _/n\
0.0

21 31 41 51 61 71 8}
J

11

Q (CAL,/CM2,/SEC)
10.0;

8.0

RENE
A
2.0 ,/\ X

0.0

21 31 41 §1 61 71 81
]

1

Comparison of Heat Transfer Distributions
of HOPE 63-Model at Different Reynolds Numbers
(Mo =7.0, 1 =40 )

A

x - - Re. = 2.5 x10¢
0 - - Re. = 6.25x10>

I=258

A

1=759%

X - - Rea = 2.5 x10*
0 - - Re. = 6.25x10°

1=260

Q (CAL/CM2/SEC)

10.0
8.0
6.0
2.0
../'\\ N
0.0
I 11 21 31 41 51 61 71 81

J

Q (CAL/CM2,/SEC)
100

8.0

6.0

o LA

2.0

0.0 ™~

T 11 21 31 41 51 61 71 81

Q (CAL/CM2/SEC)
10.0

8.0

6.0

) AL

2.0
W \
0.0 L PN

11 21 31 41 51

61 7t 81
1

Q (CAL/CM2/SEC)
10.0

8.0

6.0

o |

20 :'ﬁ ’A
00 C N
1 11 21 31 41 51 61 71 81

]

Comparison of Heat Transfer Distributions
of HOPE 63 Model at Different Reynclds Numbers

(K =70, ¢-=

K62 $

W)

This document is provided by JAXA.



N

1 =6l

X - - Re. = 2.5 x10%
0 - - Re. = 6.25x10%

S
./

1=63

x - - Re. = 2.5 x10®
§ - - Re. = 6.25x10°

1= 64

HOPE OBBEHE B 1 av—va VI

Q (CAL/CM2,/8SEC)

100
8.0
6.0
40
2.0 "/l A\
]
00 NS N
1 11 21 31 41 51 61 71 81
}
Q (CAL,/CM2,/SEC)
100
8.0
60
o i
o L
N
~/ \
0.0 j&\z—* N
1 11 21 31 41 51 61 71 8l
]
Q (CAL,/CM2,/SEC)
10.0
8.0
60 A
40 \
20 / N
A \
0.0 j &
1 11 21 31 41 51 61 71 8i
)
Q (CAL,/CM2/SEC)
10.0
8.0
80 A
40 '
i
0 N
00 J
1 11 21 31 41 51 61 71 8l

J

Comparison of Heat Transfer Distributions
of HOPE 63 Model at Different Reynolds Numbers
(Mo =170, ¢ = 40° )

Bl62 %t

X - - Rew = 2.5 xi0°
0 - - Re. = 6.25x10%

H
"
&

-

1=287

x - - Re. = 2.5 x10*
o - - Re, = 6.25x10°

g

10.0

8.0

6.0

4.0

2.0

0.0

10.0

8.0

6.0

4.0

2.0

0.0

10.0

8.0

6.0

4.0

2.0

0.0

10.0

8.0

6.0

4.0

2.0

0.0

03

Q (CAL/CM2/SEC)

/|

o]

NN
1 11 21 31 41 51 61 71 8]
3

Q (CAL,/CM2/SEC)

b/

ol

WAS S

11121 31 41

51 61 71 81

Q (CAL/CM2/SEC)

/
et

1 11 21 31 41 81 61 T1 8l

]

Q (CAL/CM2/8EC)

P

=V

1 11 21 31 41 51 61 71 81
]

Comparison of Meat Transfer Distributions
of HOPE 63 Model at Different Reynolds Numbers
(M= 7.0, ¢ = &0° )

This document is provided by JAXA.



54 MEFHERTARRE 1093 5

Q (CAL/CM2,//SEC)
10.0] [

8.0

6.0

4.0

2.0

prear]

0.0
1 11 21 31 41 51 61 71 81

)

X - - Rea = 2.5 x10°
¢ - - Re. = 6.25¢10°
Q (CAL//CM2,/SEC)

10.0

8.0

6.0

4.0

/
2.0 ~
W U

0.0 =

1 11 21 31 41 &1 61 71 81
J

I1=70
Comparison of Heat Transfer Distributions

of HOPE 63 Model at Different Reynolds Numbers
(M. = 7.0, ¢ = 40" )

62 %t

BICHB L TRECE B, FKEROBE, vAv
J VAEHI33.0 T, EAMBARSVL, / VX
KMOMBMBENS — RICHRT LTI B &
BFRING, BE#TreETcEVY LS /L
ZHOMBRSE Y — RICHBELTEL 7 2%
BoMEARL TV, BVLORmASH O
AU EE > T3,

K63 i3 HOPE63 ALK & FREBH %
60°ICERE L7co W— 2B DM ZEIm# s
OHETH B, BIROHEVEDLEVWI=32 T
WIS G IImEIR & bR CamEEERT
2, W— 2o FE Db Eh3 1=33 OMiHE
o, RuszmEsslasEcansd, W-2ERK
OERMNIBEDONED £ — 27 131=37, 38D
WHEIHL OO BLHIC64h0) —LITFiclX
F-oTW3, ThicH L TFEBEAD/ NS OE
FERTRERERE -7 =40 0KETRESh
255128240 —RRIKKE-TW5, {BL, W—
2R T HEBE TSR Ic L, FRPRE =

Q (CAL/CM2/SEC)

1001

8.0

6.0

4.0

D 2.0

0.0

1=1 1

x - - HOPE 63 Basic Model
& - — HOPE 63 W2 Model

Q

11 21 31 41 51 61 71 81

J

(CAL/CM2/SEC)

100

8.0

6.0

~N

4.0

_

0.0
1

11 21 31 41 51 61 71 81

3

Q (CAL/CM2/SEC)

8.0

6.0

4.0

I~

D 2.0

0.0

1 11 21 31 41 51 61 71 81

x - - HOPE 63 Basic Model
& - - HOPE 63 W2 Model

J

Q (CAL/CM2,/SEC)
10.0 3
8.0
6.0
4.0
2.0 \

™
0.0
1=4 1 11 21 31 41 51 61 71 8!

J

Comparison of Heat Transfer Distributions
of HOPE 63 Basic and W-2 Configurations

(M. = 7.0, Re. = 2.5x10%,

=40 )

63 FARZEALIC & 5 M ZE TS O

This document is provided by JAXA.



HOPE O# B HH 7 /1Bl > 3

Q (CAL/CM2/8SEC)

10.0

8.0

8.0 /\

4.0 \\

20 \ <
S

0.0

11t 2t 31 41 51 61 71 81
J

x - - HOPE 63 Basic Model
§ - - HOPE 63 W2 Model
Q (CAL/CM2/SEC)

10.0
8.0
TN
2.0 \\
0.0
1=6 1 11 21 31 41 51 61 71 8t
!
Q (CAL/CM2,/SEC)
10.0
8.0
4
6.0 /4 \
4.0 \
N
2.0 N
™~
0.0
=7 111 21 31 41 51 61 71 8l
J
x - ~ HOPE 63 Basic Model
¢ - - HOPE 63 W2 Model
Q (CAL/CM2/SEC)
10.0
8.0
6.0 '/,
4.0 \
2.0
\\
0.0
1=8 1 11 21 31 41 51 61 71 81
i
Comparison of Heat Transfer Distributions
of HOPE 63 Basic and W-2 Configurations
(M. = 7.0, Re. = 2.5x10%, ¢ = 40" )
63 %t

ab—vavli 55

Q (CAL,CM2,/SEC)

10.0

8.0

8.0
o L

2.0
I

0.0

111 21 31 41 51 61 71 81

J

% - - HOPE 63 Basic Wodel
¢ - - HOPE 63 W2 Model

Q (CAL,/CM2,/SEC)

10.0

8.0

6.0 —

40

o

0.0

S

™~

11 21 31 41 51 61 71 8!
J

I=10 1

Q (CALCM2/8EC)

10.0

80

6.0

4.0

20 N

S~

1 11 21 31 41 51 61 71 81
]

0.0

x - - HOPE 63 Basic Model
¢ - - HOPE 63 W2 Hodel
Q (CAL/CM2/SEC)

10.0¢

]
8.0
6.0
40 / \\
20
\\\
0.0 ———

1 11 21 31 41 51 61 71 81
]

1=12

Comparison of Heat Transfer Distributions
of HOPE 63 Basic and W-2 Configuratioas
(M. = 7.0, Re. = 2.5x10°%, ¢ = 40° )

This document is provided by JAXA.



HZEFHBEMTAARE 1093 5

Q (CAL,/CM2,/SEC) Q (CAL/CM 2,/SEC)

10.0; 100
8.0 80
6.0 6.0

VA 40
4.0 :

Y

2.0
2.0
N
I
00 0.0
=13 111 21 31 41 51 61 71 81 1=17 1 11 21 31 41 51 61 71 81

J J

X - - HOPE 63 Basic Model

X - - HOPE 63 Basic Model
O - - HOPE 63 W2 Model § - - HOPE 63 W2 Model
Q (CAL/CM2,SEC) Q (CAL,/CM2,SEC)

10.0 10.0
8.0 8.0
6.0 6.0
40 A 40
- /‘\
e
2'0 \ 2-0 \
o
0.0 ™ 0.0
1=14 1 11 21 31 41 51 61 71 81 - 1 11 21 31 41 51 61 T1 81
] )
Q (CAL/CM2/SEC) Q (CAL/CM2,/SEC)
10.0 10.0
8.0 8.0
6.0 6.0
40 / 40
2.0 \ 20
-
™
0.0 0.0
1=1s 1 11 21 31 41 51 61 71 81 =19 1 11 21 31 41 51 61 71 81
] ]
X - - HOPE 63 Basic Model X - - HOPE 63 Basic Model
0 - ~ HOPE 63 W2 Hodel 0 - - HOPE 63 W2 Model
Q (CALCM2,/SEC) Q (CAL/CM2,/SEC)
10.07 10.0
8.0 8.0
6.0 6.0

4.0 ] /\ 4.0 J\

2.0 \ 2.0
— \‘
- 040 m\

0.0

- I 11 21 3t 41 51 61 71 81 1-120 T 11 21 31 41 51 61 71 81

1 ]
Comparison of Heat Transfer Distributions

of HOPE 63 Basic and ¥-2 Configurations
(M. = 7.0, Re. = 2.5x10%, ¢ = &0° )

Comparison of Heat Transfer Distributions
of HOPE 63 Basic and W-2 Coafigurations
(M. = 7.0, Re. = 2.5x10%, ¢ = 40" )

X163 ¥t

This document is provided by JAXA.



HOPE DBEBESEZEHNEEY tav—Ya V1 o7

Q (CAL/CM2,/SEC) Q (CAL/CM2,/SEC)

10.0 10.0
8.0 80
8.0 6.0
40 4.0 A
2.0 \/\’_ 20
0.0 8.0
-2 1 11 21 31 41 51 61 71 81 =25 1 11 21 31 41 51 61 71 81
J

]

X - - HOPE 63 Basic Model
¢ - - HOPE 63 W2 Hodel

X - - HOPE 63 Basic Model

0 - - HOPE 63 W2 Model
Q (CAL/CM2/SEC) Q (CAL/CM2/SEC)

10.0 10.0
8.0 8.0
6.0 6.0
40 40 A
"/AL ”V\!
20 V 2.0
0.0 [ 0.0
- 1 11 2131 41 51 61 71 81 1= 1 11 21 31 41 51 6y 71 B
] )]
Q (CAL,/CM2,/SEC) Q (CAL,//CM2,/SEC)
10.0 10,0]
8.0 8.0
6.0 6.0
4.0 4.0 L
2.0 2.0
0.0 ™ - 0.0 i
- 1 11 21 31 41 51 61 71 8l - 111 21 31 41 51 61 71 81
) i
x - - HOPE 63 Basic Model x - - HOPE 63 Basic Medel
O-*K]’Eﬁflﬂﬁodel O-~WE63WM¢1
Q (CAL,/CM2,/SEC) Q (CAL/CM2,/SEC)
10.0 10.0
8.0 8.0
6.0 6.0
40 \ 4.0 N
20 2.0
/
0.0 o 0.0 AN
- 1 11 21 31 41 51 61 71 81 _— 111 21 31 41 51 61 71 81
J

]
Comparison of Heat Transfer Distributions Comparison of Heat Transfer Distributioms
of WOPE 63 Basic and ¥-2 Configurations of HOPE 63 Basic and -2 Configurations
(M. = 7.0, Re = 2.5x10%, ¢ = 30" ) (Mo = 7.0, Re. = 2.5x10%, ¢ = 40" )

BI63 Hi

This document is provided by JAXA.



B FHBERT ARG 1093 5

Q (CAL,/CM2,/SEC)

10.0

8.0

6.0

490 o

L\

2.0

0.0 — omia
1 11 21 31 41 51 61 71 8!
)]

X - - HOPE 63 Basic Model
0 - - HOPE 63 W2 Model )
Q (CAL/CM2/SEC)

10.0

8.0

6.0

4.0

20 L] \
wo LU LN AL

111 21 31 41 51 61 71 81
J

Q (CAL,//CM2/SEC)

10.0

8.0

6.0

4.0 / \

2.0

0.0
1 11 21 3t 41 51 61 71 81
1

1 - - HOPE 63 Basic Model
& - - HOPE 63 W2 Model

Q (CAL/CM2,/SEC)

10.0

8.0

6.0

N

0.0

I 11 21 31 41 51 61 718t
1=2

Comparison of Heat Transfer Distributions
of HOPE 63 Basic and W-2 Configurations
(M. = 7.0, Re. = 2.5x10%, ¢ = 40" )

63 %t

Q (CALCM2,/SEC)
10.0

8.0

6.0

4.0 A

2.0

00 ~

en 111 21 31 41 51 61 71 81
J

X - - HOPE 63 Basic Model
0 - - HOPE 63 W2 Model

Q (CAL/CM2,SEC)

8.0

6.0

40 ,/

0.0
—_— 1 11 21 31 41 51 61 71 81
J
Q (CAL,/CM2,/SEC)
10.0
8.0
6.0

o A

20

0.0

1 11 21 31 41 51 61 71 81
}

1=35

X - - HOPE 63 Basic Model
0 - - HOPE 63 W2 Model

Q (CAL/CM2/8EC)
100

8.0

6.0

4.0 k\
2.0
0.0 ]

1 11 21 31 41 51 61 71 81
J

1=236

Comparison of Heat Transfer Distributions
of WOPE 63 Basic and ¥W-2 Configurations
(M. = 7.0, Re. = 2.5¢10%, ¢ = 40" )

This document is provided by JAXA.



HOPE OBHEEETHEE Y 12— a V1 59

Q (CAL/CM2/SEC) Q (CALCM2,/SEC)
10.0 10.0

8.0 8.0

6.0 fa 6.0 é

4.0 7~ 4.0 A
gz i I

2.0
0.0 00 4 =
111 21 31 41 51 61 71 81 1 11 21 31 41 51 61 71 81
j ]

AR =

X - - HOPE 63 Basic Model

0 - - HOPE 63 W2 Wodel
Q (CAL/CM2/8EC) Q (CAL//CM2/SEC)
10.0

x - - HOPE 63 Basic Model
¢ - - HOPE 63 W2 Model

10.0

8.0

8.0 /
6.0

| A
oL
W
2.0 2.0

0.0 i

~3
L]

00
T
| 1L 21 3t 41 51 6l 71 8 1= 4 1 11 21 3141 51 61 718
I=38 ) ]
Q (CAL,//CM2,/SEC) Q (CAL/CM2,/SEC)
10.01 10.0
8.0 8.0
6.0 6.0 y/ ‘
4.0 e "V 4.0 / \\
2.0 W 2.0
0.0 0.0
- {1l 21 31 41 5t 61 71 8l | a3 1 11 2131 41 51 61 71 81
J J
X - - HOPE 63 Basic Model X - - HOPE 63 Basic Hodel
¢ - - HOPE 63 ¥2 Nodel 0 - - HOPE 63 ¥2 Model
Q (CAL/CM2,/SEC) Q (CAL/CM2,/SEC)
10.0 10.0
8.0 8.0
6.0 4 6.0 j‘“
4.0 W?\‘-"z’v 40
i M
0.0 v 0.0
L= w0 I 11 21 31 41 51 61 71 81 1 11 21 31 41 51 61 71 81
) 1= 544 .
Comparison of Reat Transfer Distributionms Comparison of Heat Transfer Dist_rib\lt‘wns
of HOPE 63 Hasic and ¥W-2 Configurations of HOPE 63 Basic and ¥-2 Configurations

{ Mo = 7.0, Re. = 2.5x10%, ¢ = 40" ) (M= 7.0, Rea = 2.5¢10%, 5 = 40" )

63 &t

This document is provided by JAXA.



B ZF WP RER#E 1093 5

Q (CAL/CM2,/SEC)

10.0

8.0

NEVA
‘ E ML

0.0 -
111 21 31 41 51 61 71 81
J

X - - HOPE 63 Basic Model
o - - HOPE 63 W2 Model
Q (CAL/CM2,/SEC)

10.0

8.0

N o
|

0.0 -

[=a 1 11 21 31 41 51 61 71 81
I

Q (CAL/CM2,/SEC)

10.0

8.0

6.0

o]
o LU

0.0

_— 11121 31 41 51 61 718
J

¥ - - HOPE 63 Basic Model
9 - - HOPE 63 W2 Model

Q (CAL/CM2/SEC)

10.0

8.0

6.0

o |

290

|
\
\
\

1 11 21 31 41 51 61 71 81

0.0

—
"

= 48

Comparison of Keat Transfer Distribetions
of HOPE 63 Basic and ¥-2 Configurations
{ Mo = 7.0, Re, = 2.5%10%, ¢ = 40" )

P63 #i

Q (CAL/CM2,/SEC)

100
8.0
6.0 ad
N
40 v \
20
0.0 =
1= 49 111 21 31 41 51 61 71 81

J

X - - HOPE 63 Basic Model
0 - - HOPE 63 W2 Model
Q (CAL“CM2/SEC)

10.0

8.0

-
NEEEI

0.0

. 1 11 21 31 41 51 61 71 81
L

Q (CAL/CM2/SEC)
10.0

8.0

6.0

Y
& dis
|

0.0 ¥
1 11 21 31 41 51 61 71 8)
3

1=751

x - - HOPE 63 Basic Model

0 - - HOPE 63 W2 Model
Q (CAL/CM2/SEC)

10.0

8.0

6.0

i a0 A
20 o \“

1 11 21 31 41 51 61 71 81

I =52

Cosparison of Heat Transfer Distributions
of HOPE 63 Basic and W-2 Configurations
(Mo = 7.0, Re. = 2.5x10%, ¢ = &0° )

This document is provided by JAXA.



HOPE @Eiﬁ%ﬁ%j}ﬁ{[ﬁ‘/ Iab—varvil 61

Q (CAL/CM2/8SEC)

10.0
8.0
6.0
4.0
o LA
o LLLLY

1 11 21 31 41 5% 61 71 81
J

i=53

x - ~ HOPE 63 Basic Model

o - - HOPE 63 W2 Model
Q (CAL/CM2/SEC)

10.0

8.0

6.0

!
LA
oAl
o \_ .

i1t 21 31 4t 51 81 71 81

1 =54
J
Q (CAL/CM2,/78EC)
16.0
8.0
6.0 A
w |
2.0 \
0.0 i
1
1= 55 11 21 31 41 51 61 71 81

J

x - - HOPE 63 Basic Model

0 - - MOPE 63 W2 Hodel
Q (CAL,/CM2,/SEC)

10.0
8.0
6.0
40 ’3\
2.0 \
\ 3
0.0
1 11 21 31 41 51 81 71 81

}

Comparison of Heat Transfer Pistribotions
of HOPE 63 Basic and W-2 Configurations
{ Mo = 7.0, Re. = 2.5x10%, 4 = 40" )

X 63 i

g oA
\

O e

Q (CALCM2/SEC)

8.0

8.0

0.0

1 11 21 31 41 51 61 71 81
I

X - - HOPE 63 Basic Hodel
¢ - - HOPE 63 W2 Nodel
Q (CAL/CM2/SEC)

10.0

8.0

6.0

4.0

o VL
0.0

I 11 21 31 41 51 61 71 81
J

4

Q (CAL/CM2/SEC)

10.0

8.0

5.0

0.0 —

s 1121 31 41 51 61 T 8
)

X - - HOPE 63 Basic Model

¢ - - HOPE 63 ¥2 Hodel
Q (CAL/CM2,/SEC)

10.0

8.0

50

4.0

0 AL
oo LI N

I 11 21 31 41 51 61 71 81
J

g

Comparison of Heat Transfer Distributions
of HOPE 63 Basic and W-2 Configuratioas
(M. = 7.0, Re = 2.5x10%, ¢ = 40" )

This document is provided by JAXA.



62

RZEFH M AR E 1093 5

Q (CAL/CM2/SEC)

Q (CAL/CM2,/SEC)

This document is provided by JAXA.

10.0 10.0
8.0 8.0
6.0 6.0
40 4.0
o \§ ]
0.0 \f X 0.0 e v \
1= 6l 111 21 31 41 51 61 71 81 1=65 1 11 21 31 41 51 61 71 81
J ]
X - - HOPE 63 Basic Hodel x - - HOPE 63 Basic Model
& - - HOPE 63 W2 Model & - - HOPE 63 W2 Model
Q (CAL/CM2,/SEC) Q (CAL/CM2//SEC)
100 10.0-
8.0 8.0
6.0 6.0
40 ﬁ 4.0
20 / \\ 2.0
A
0.0 \J.J N - o M
- 1
1=62 T 11 21 31 41 51 g1 71 81 I =66 11 21 31 41 51 61 71 JSI
J
Q (CAL/CM2/SEC) Q (CAL/CM2,/8EC)
10.0° 10.0
8.0 8.0
6.0 6.0
10 40
2.0 / k\ 2.0
0.0 VJ N - 00 A~
1=63 b 11 21 31 41 51 61 71 81 =67 111 21 31 41 51 61 71 81
] ]
x - - HOPE 63 Basic Model x - - HOPE 63 Basic Model
4 - - HOPE 63 W2 Model & - - HOPE 63 W2 Model
Q (CAL,/CM2,/SEC) Q (CAL/CM2,/SEC)
10.0 10.0
8.0 8.0
6.0 / 6.0
4'0 4.0
2.0 /| k 20 P
0.0 > W \ - 0.0 b
1 =64 1 11 21 3t 41 51 61 71 8} 1 =68 T 11 21 31 41 51 61 71 8]
J J
Comparison of Heat Transfer Distributions Comparison of Heat Transfer Distributions
of HOPE 63 Basic and W-2 Configurations of HOPE 63 Basic and W-2 Configurations
(M. = 7.0, Re. = 2.5x10%, ¢ = 40" ) (M- = 7.0, Re, = 2.5¢10%, ¢ = 40" )
63 &t



HOPE OB EHZEIH@EY 32—y a v 63

Q (CAL,/CM2,/SEC)

10.0

8.0

6.0

4.0

20

0.0 L"""
1 11 21 31 41 51 61 71 81
]

X - - HOPE 63 Basic Model
¢ - - HOPE 63 W2 Model
Q ( CAL,/CM2,/SEC)

10.0

8.0

6.0

4.0

A
20 L
0.0 - -

1=70 1 11 21 31 41 51 61 71 81
]

Comparison of Heat Transfer Distributions
of HOPE 63 Basic and W-2 Configurations
( Mo = 7.0, Rew = 2.5x10°, ¢ = 40° )

X 63 i

41 OWrETREEMEOMBEG T H o) —BEEI
EFRLTVWE, WFhicg Xk, W—2EKRTIZE
HABGTHLROIMBBEISN S &0 5,

T4y 7T 4 VRIBICHR O MBS AT N5
L, T4v T 74 VIBTOE - S [=54 D
EICEONBLESIC, W—2ERkM 1 Aoy —F8
NEL, FREBEBEAEZKRE L LRSS
KHER LTV S,

4. BORERUARD z v IR

K64 icitifllz«+ v 774 D5 5 —0OfeH%
ML Al 22 0 20°FEXdFRIc & - 72 HOPE

WO
RS
&wq%ﬁg;,

\“&t

R
R

'Q
W

W
R

W
RN

Ui

I Illl'lll
iyt

:'n',‘,',lgu:’n’:’f;’fﬂ#ﬁfﬁ:ﬂ"‘ﬂw
iy jils _—_

TR
RS Secy

iy S
lln|{““|l\l\1\\\\\\\\\\\\m- o - TR

i ; M SRR
WMMWW /

I

R

R
N
R

W

R
N

N =
R
=D
=

N
N
R
Tt

7 ¥ — Offe % IEXFRIC & - - HOPE 63
EFNED D ORARTF

=00 Mach = 70 Re = 25E06
63 HOPE Pressure distribution

K65 = v & REM20° T RO E RN

This document is provided by JAXA.



64 L2 F BN AT RS 1093 &

3R DELETFERT, ERT 4 v 77 41
vEDORICREEOBWEERE S LTV b, K
65137 RNV DT LR VAT ITFOIRET,
<y NT0, BHA°OEETHE L KER
Nk URAEISHERT, REAFTE T LR Y
i, SEE, TEAEEIFEBREOSVWENNEL S,
X 66 130/ 10°IcBVTAHlO T LR V%2 20°TF
FrESRERERT

1.00
8.80
9.60
Q.40
Q.20

2.00

>

—

a =100 28 = 00 Mach = 70 Re = 25E06

63 HOPE Pressure distribution
K66 x L& vAMRER 20°F RO E IR

X 67 2% IR RIE D S EEHENE AV = v
NS B ODKRTAERT, HAY v ML
I id 10X 10 RO T A DT, K68 ARV =
v N DZRTHIRE R T SE OB TR S
NBEHZAY =y b OERFESEREL, HO< Y
NE4.2, BBESIE 105 TH B IE L 1L ZEX
DODHFEBREVD, FHhRHIEOESEICH
UTWV3, ZOBRFRIITEKE, S ORE LA
itk BRI b, EIIEA RV = v
b LR A Y] 2 RN O E/TRKT, Y= v
b DOBREBRE VW IOAICEERE, Ry
N F 4 RAIDBENTV B,

21971183, T

. Viisierres. IHHHT
I

oy, I ]

R R e

L A AR L PRI X 1Y

.o.. .... AR R

AT

AR AL LA 7

R

R

67T HRAY v MNEFHEAKT

i
7

THREE-DIMENSIONAL STREAM LINE WITH GAS JET
4 = 400 2 =006 Mach = 70 BRe = 625005

My = 42

PLP- = 1050 Ty = 2700k

68 HRY=xw b ZIRITHE

This document is provided by JAXA.



HOPE OB EHENBEY 1 av—va /1 65

WOV 2RI
'; Bow Shock

Q orvso

63 HOPE Pressure distribution with Gas Jet
4 =400 2 =00 Mach = 70 Re = 625E05
My = 42 PyP- = 1050 T; = 2700k

B69 #ZRY=xw bETHEESIRK

5. HOPE fSERENMBER DFHER
R LRE

s R ERAEE LRI X 5, HOPE63
FRzEHMBAR TR, FEIRTOE SMAE
DEWV, RBONERTORIE MBS THRETH -
too COREXDEMICHENS K, HOPE E
HATRE % 548 U 7o B8 RIS IR R 2 /ERY L,
IR R U 7R SR A U 7o R
BAEMT, BRETHMAOERNITON TV,
M0 IcEBRTDY 2 ) — Vv v EEA/RT, FH
3B 48° T, MicdhondLHIKERTIHE
Evaw VR L—4—TdAREOHEICERM
BELRTVWS, CHICKH L THETRRKTL @
BFNTRENB LD, BEREI—FDD
DELTHDE>TWVAB,

(1) ESER

K720 5K T6 1< v ~NET.0, LA/ V¥
1.5 105 A 0°0 5 40°DRETE N R FE 148

ot

oy
20055000, QAL I
27 ST e
e SN
A I E N
aorteestees: ""%ﬁ, R
<
oy

5%

raerelte, Q‘

orireritatttay

R, M
oy

LT ENN RN iy Y g 3 2 o, 6 %

G A

LRI IR, .........."."","’z"52"'45'3""5’47'%%% X
L7

FEIRT L LTSS
R a1

L7~
77 L 17
S

SR
AR
SocTes s
s&‘:s‘s‘“%\“‘
R

R
AsSitN
N

e
B

S
55

.
\“‘

R

S
R

o

X 71 HOPE ZHm#wsEii$ b h OREARKT

M%ERd, RAENDERI LA LA FHK
MUOEENEERL, EAHEKIGFEERRKTIEFER]
BEE5 L Toxm EEXKTREREESC
HEMEA 7oy bEh T3, FEXTEER
RoTWBD, ThIBERES T2/, Bl
B DA B LSRR TH B, MLl
BT 21Ty, TEEH» o OFmEBE L, B
Bh o OBEMRERE EFEREICISX LN
FHLTOLKBRFHBHSHATH 5,

(2) ZEFThnE

T2 5K 82 RERK T/LE M e K WA DR H
MBS TH 5, XD LT HEE T4,
THESE AT EEER T, WA 0°H 5 30°
KX BiIo0 T, ERROMED S VI
i S BA T RMOANANICHEE T 5, WHA0°T

This document is provided by JAXA.



66

ML FHBINIT AR S 1093 %5

74 HOPE ZEHMEKEE REENROCEERK (@ 20°, M-=7.0, Re~-=1.52X10%

This document is provided by JAXA.



HOPE OB EHRZENEEY I 2L —va V1 67

B175 HOPE ZE/MBMRR REEH R CEEMRK I 30°, Me=T7.0, Re.=1.52X10°)

K76 HOPE ZE/JMAER Rl E/N KR UEERR G 40°, M.=T7.0, Re=-=1.52X10°)

This document is provided by JAXA.



68 W2 F H BB A S 1093 5

- = Mach = Re = 1L52E06 # =200 £ =00 Mach = 70 Re = L52E06
i a;)lealgmogg Heat tran‘;gr distribution Heat model Heat transfer distribution

77 HOPE ZEhinsdERl RimZ=1maah 79 HOPE Z=/yim&vEs! Rz 1in#vrh

A =100 2 =00 Mach = 70 Re = 152E06 d =300 & =00 Mach = 70 Re = L52E06
Heal model Heat transfer distribution Heat model Heat transfer distribution

|78 HOPE ZE/JMBMER Kz MBS 80 HOPE ZE/fn#dR! Kimz InEsh

This document is provided by JAXA.



HOPE OB EERENHIEY L 2 v—va V1 69

o« =400 ¢ = 00 Mach = 70 Re = 1L52E06
Heat model Heat transfer distribution

X 81 HOPE ZefymadsEil, XRmZEHm#ssh

1308 30° D4 & [ERE I S INEGRIE iE F R AT T
BRI AL 248, <0 TRERKMERDE
WIS E FHE2EICED 5, X 82 i385 40°
DL VAEEBL LEAHRTH S, EL LA
J VO — 2B LT ERM T ABE O mE
DEWVERBRLETILN %, K83 5K 88 3%
MBS % ZEBIC U TR Lice THic & &
SDEOA BRI - E DT 2,
PIEoZEmBdERL» S, SVlA TR/
FEAFREAE L WINEE 2 5 C EHHIEHL
too LTchio> T8I 5K 94T, TORBKU
B> TOEBRMEMEBESH%E S 57 TRL
too X189 3EAFIBIMOREEF OILAKT,
AR > TOBRTFES I N THO19 25k
o35 TEA(T B, J=30 REFRIC D
FETH D, DI HB—EOEBTRIIR->TZE
HinESFE 7oy b Ll 0 oFERIEK 90

& = 40.0

8 =00 Mach = 70 Re = 456E06
Heat model Heatl transfer distribution

82 HOPE ZE/iBUER, HEZE/MESIE

WRENG, BB o) —BAITERL, B
B Er OB ARIICHI -z v F A — bVE
MOESTH5, B TRHURDOLUEHS
Hiigicin ) J=35 D LTcEWIIBLBLEL 5,
BB O HETHERICE - TE» S h i v -
HATHZD, BIgH-TBUVLERT S, K
91, 92 @AM 10°, 20° &4 AERTI, B
hit O MBS E L 5, X9I3, K94 o0
30°, 40°cREMIFBHEOMBSHEEELD, @
£ 40° T 30° & D b VIENE X SN B,
(3)  ZESImBESF D R
73BT O B 3 & B ERREL I DA
hi-#@Estic L hiTbhi, BRigicamanc
BENOREHRMABEEAK S CRT, SODHE
BTRERHTEMEALTENS I LAEHNDRD,
BB 3RESREES L T0EL, X
96 110 30° DINBNH O LB TH 5, &I R

)

This document is provided by JAXA.



70 2 F BTt S A R S 1093 %5

(U
3.9l
Q.00

&= 00 £ =00 Mach = 70 Re = 608EO5
Heat model Heat transfer distribution

X 83 FmZE MBS =EX

Q.04
0.0l
¢L0n

# =100 £ =00 Mach = 70 Re = L52E06
Heat model Heat transfer distribution

X84 KEZENMESH=HEX

This document is provided by JAXA.



HOPE OBBEHRENHE Y I aL—Ya ¥ 1 71

0. 04
DISICRY
a.00

® =200 @ =00 Mach = 70 Re = L52E06
Heat model Hest transfer distribution

X85 ZFEZE/IMES I =HIX]

e 04
Ll
.0R

a =300 5 =00 Mach = 70 Re = 1L52E06
Heat model Heat transfer distribution

X 86 FEZEIIMBSH=HEHX

This document is provided by JAXA.



72 iz F BB SRS 1093 5

B
QL 30
# = 400 & = 00 Mach = 70 Re = 152E06
Heat model Heat transfer distribution
87 FEZEHMESR=EX
pLon
0,1 E

d =400 ¢ =00 Mach = 70 Re = 456E06
Heat model Heat transfer distribution

X 88 FmEZE/MESH=HEK

This document is provided by JAXA.



HOPE OBEBEEENEME Y 1av—va V] 73

RN
ARN
SO,
L \‘/\7
~NRN NWWW

W=WUl W=

B89 RftiFREIBETILAK

HEAT TRANSFER CAL CM2-SEC
5

4 - ALPHA 0

0 T T T T

H 2 3 4 5
LENGTH FROM THE WING ROOT CM

K90 BEEFHICH - 2 EHIMBSH
GBFEO0°, M-=17.0, Re.=1.52X%X10)

HEAT TRANSFER CAL CH2-SEC

5
) ALPHA 10
3 -Tlu;
e #
*pfq%ig;:?
é RS
- A ‘i—"é?&:;;_’:ﬁ,..,‘
SN B
/ D S ST
A
8+ x o o o
19 21 23 25 27 28 31 33 3%
0 _ | I I
0 : 2 3 4 |

LENGTH FROM THE WING ROOT CM

91 BERTFEITH - 7- MBS
GBI 10°, M.=7.0, Re.=1.52X10%

HEAT TRANSFER CAL CHM2-SEC

5
4 ALPHA 20
3 —
2 P
I —
O a4 + « 3 + R Z ¢

d 19 21 23 26 27 28 31 33 3§

0+ T T T T
0 1 2 3 4 5

LENGTH FROM THE WING ROOT CH

K92 BEEFRRITH - EHMBMSH
(A 20°, M-=7.0, Re-=1.52X10)

This document is provided by JAXA.



74

HEAT TRANSFER CAL CM2-SEC

5

ALPHA 30

p
19 21 23 2§ 27 28 31 33 3§

o] T T T T
0 | 2 3 4

B193 &IETFHITH - L EHMES

GHf 30°, Me=T7.0, Re.=1.52X10%)

HEAT TRANSFER CAL CHM2-SEC

5
LENGTH FROM THE WING ROOT CM

5

4 - 40
3 - AN
. K e
TR,
2 RN

0O & + <« 2 + T Z
19 2% 23 25 27 29 31 33 35

0 B T T T
0 1 2 3 4

LENGTH FROM THE WING ROOT CHM

X 94 BEEFEICH - 1o NMBSH

(B 40°, M-=7.0, Re.=1.52x10%

5

MEFHBENR RS 1093 5

Y (cm)

X 95 ZEHMBEERIHIEQOKE

Q (cal/cm?-sec )
30

2.0 \ b\
o —D\‘DN:
::B;' ¥ T

0
O---Num,
W---Exp,

Q

20 3.0 Y(cm) 4.0

B196 fA 30° DZEST MBS D LR

HAE D S BEITHU ZEREY (cm) THEE M
BB (oY) 2RT, AHIMBHEEE R
EREEAEL, AHRY=2»53cm T—HL
BV, —4, K97 08 40°TREBRN—FD
HERLVDD, YOEFHDNSWESTA—
EBRONE, COFR—HORREERTHERS
nNTVAERY, HEFKROMMBRENTWS L
kB EEIONB, LhIEHESHEEIIR C ORR
DD LN EBRTHERIEET-> TV FET
b5, BRECRKBIEHIICBTBELSL /N
MBI X DHBEERT, @MW LA/ VIAETR
ER, HELbHHORBIEIThTRELV S /v
ZEON EQE - TEEERT A, &LA /v
POy — ZORERTIIMBMBO LFHFL W,
HMEBICL B EEZON BN, SRORIERE

This document is provided by JAXA.



HOPE DB EHENHfEY I a L —¥ 3 V1 75

Q (calicm'-sec)

30

O---Num,
® -Exp.

20 30 ¥lem) 40

97 M 40° DZE SIS D HE

Q (caifomisec)
60 T

O O--Num i Becc- Re.-4.5110°

O @----Re.t Sier
® W -Exp.

==

2.0 30 L0
¥ {cm)

K98 WAACILBIFERELB LS, VIR
T ORI D HE

[

3

0

Th b,
6. F&&

HOPE 63 # — ¥ # XK R U HIMBIRE Dk
HEEBERIT 2T - 12 R, UTol LR
Ihb,

1) - E2ZEHFREBIC >V TRAEAIIBVLT,
857, HARKOERER O —HBRS
htz, THOT &3, HOPEG2 & — £ # 2K
ORENTRTERR—HRLIERNIE O
L EXBERT ., REARUEREEN TRE
ODR—2 - 70-DEBLED, SRORET
HETH B,

2) ZEhmEcBL TR, BEETERFEHEELR
B k2240 8amodKIcENT, §

NT ORI — A TEBMICRIF B
ErEont, ERTIRERY 1 XOKFEH»
5, ¥B, 71977« VEIRKEH D RBHAW
SIEEE — 7 EOFRIIET CRET, ¥
EHERCOBMTARE L HRRT 5,

3) VA VZRIEHMBESHCEEL, A
40°, = 9y " ETIRBVT, V42 VXEO
BEVHEY - X (Re.=25%10°) T, #A-—
By RABEADRETEHRERICL S LS5
haZEhm#o LRBassEnli, v14 /v
IEDENY — A (Re.=6.25X10°) TR
DHFIRLNIE L, IO TRETRIZ
T &8 B bODREMBIIHEBENHERT,

4) FEEBAL 480 5 60° 1K HE L /- HOPE
63W— 2TEIR T, = o~ E T, AH 0%
BWT, FBRUEF 4 v 77 4 VRIBEHED
Zef1im#k iz, HOPE63 BAF R &L T
2EEEEY on, FREBHDOEMIIFEA
B DZE MM AE BT 5 5 A TEMUFET
H 5o

5) CFD %2 v b u— VOMHENLEKT 5 D,
EIREERVOH R = » b ORFTEIT > 120
HAY 2y MTOVWTIRERT RNEEBHER
BREVWbOD, ATtk v, CFD REH
HRZBHEH R T LEBET EHIATKE
BEE R TCEDRE NI,

6) HOPE X Hpig & H# L 2 Z hmBERN O
WiERir T, SBRERETIIC X 32
BREOEEEIT- 1o, TOFER, EBREIS
F—F—i3HHboo, FHAMI—HLEEW
EEsBEN T, CORER, ERTRIHELE
Ftk & ORIcRIBESH H, Thioxd UTEE
BIFTR OB IH SN ERERAL
IEEREEZ ON D, SRERE S HIER
2TV, KO ERSHBRIEETOTETH
5, BT REEEBA B OTHAR T,
29T, BA30°, 0°IKBVWTHEEN
FRBETEMNMET ERINT, BROZE
HmEEREBEOMIBCRETEIE
BaREhts,

This document is provided by JAXA.



76 i FHEBERRARE 1093 5

SolofEFE TR, HOPE63 K OBEE
RENRUCEHMSFEEE< » ", v4/ VX
¥, BREEYHRSEEY, —EOFHSEER
T X1 ZOKE, FHMBSHIZIOVTE
ERMMCBETAUTREOBEENEO N, K
MR o — FORIEDITh NI, £/, ESHEH,
HAYVzy bOHEAXITWV, CFD OFHY, £
H#EARTCENTELEEL D, SROFREL
LT, AKABINIE~x—Z - 70-D%R, &
FEWME, REH, FRYxy PREIBILTX
DML ERNITOOLEDAEFED, CFD2 - F
OREE, HBRET> TV FETH %,

7. H

AHEEZITTHIcH b, FHERTXL
» B & hi: AESHRE&H, HAETRICR
BF1ER, FTBO—8HES, XS 77497
WEBOETEREHFNESVTW W, 1
ZREY 7 b Y= THRRASH, LB, AERE,
I I AREBOIEREFIm > TV,
CIRBEBEOEERLET,

2% XM

1) Y. Yamamoto, “Numerical Simulation of
Hypersonic Flow around a Space Plane.”
AIAA Paper 88—2615. June, 1988 £ 723
bt TR—976T.

2) Y. Yamamoto and S. Kubo, “Numerical
Simulation of Hypersonic Flow around A
Space Plane at High Angles of Attack
Using Implicit TVD Navier—Stokes Code.”
AIAA Paper 89—0273, Jan., 1989 £7:i&
mBmtE#eE TR-1011T.

3) Y.Yamamoto, H. Arakawa, and R. Yoshida,
“Numerical Simulation of Hypersonic Vis-
cous Perfect Gas Flow for the Aerothermo-

dynamic Design of Space Planes at Low

4)

5)

6)

7)

8)

9)

10)

Angles of Attack.” AIAA Paper 89 —1699,
June, 1989  7-i3 MBHIMS TR—1027T.
R. M. Beam and R. F. Warming, “An Imp-
licit Factored Scheme for the Compressible
Navier —Stokes Equations.” AIAA J., Vol.
16, No.4, 1978, pp393—402.

J. L. Steger and Y. M. Rizk, “Generation
of Three—Dimensional Body—Fitted Coor-
dinate Using Hyperbolic Partial Difference
Equations.” NASA TM —86753, June, 1985.
B.S.Baldwin and H. Lomax, “Thin Layer
Approximation and Algebraic Model for
Separated Turbulent Flows.” AIAA Paper
78257, 1978.

Y. Yamamoto “Numerical Simulation of
Three —Dimensional Hypersonic Viscous
Flow over an Indented Nosetip.” AIAA
Paper 86— 1287, June, 1986.

Y. Yamamoto, T. Akimoto and N. Suzuki
“Numerical Simulation of Hypersonic Vis-
cous Flow for the Design of H— I Orbit-
ing Plane (HOPE).” AIAA Paper 90—0601
Jan., 1990.

Y. Yamamoto, T.Akimoto and N. Suzuki
“Numerical Simulation of Hypersonic Vis-
cous Flow for the Design of H— II Orbit-
ing Plane (HOPE )
Lateral and Directional
Characteristics.” AIAA Paper 90—0416
Jan., 1990.

NAL—NASDA G AR #RES THOPE
OWE] D2 BE/FHEOHE (62HOPE
e PR 198945 H, pp 7 —191
o 3LAITR, Bu#E [HOPE O
BEETHEE Y s av—vav] B
#4E TR-—1028, 198948 A.

.; Investigation of

Aerodynamic

This document is provided by JAXA.



ZEFEBENHRHAEEI0935
T3 E 1A RA
% AT A T F OB &K o W K A
SRR A TR OKF ACHT T — 44— ]
Eih —8(0422)47-5911 (k&) T182
S P # it
KRRBELER AKWLS — 6 — 17

This document is provided by JAXA.





