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CFD Design Study of HOPE-X Aerodynamic Characteristics

by
Yukimitsu YAMAMOTO*", and Ryozo ITO*?

ABSTRACT

Numerical study of aerodynamic characteristics of new HOPE 11 model is performed. In the present
study, totally about 300 CFD calculations are carried out. For subsonic, transonic and supersonic speed
range, parametric multi-block Navier-Stokes analysis has been conducted from M.,=0.4 to 3.0 at angles of
attack from 0 to 20 deg, with and without side slip effects. For transonic flows, sting interference effects
are also investigated at M.,=0.9 and 1.1. Turbulent heating at low hypersonic speed in launching phase is
predicted at low angles of attack and the numerical results are compared with AEDC HWT experiments.
Basic aero- and aerothermodynamic characteristics at hypersonic re-entry phase are also investigated
from M..=8 to M..=26 at angles of attack a=30", 40", and 50°, where the efficiency of control surface such as
body flaps and elevon deflections is also studied.

Real gas effects are analyzed by using a 7 species chemically non-equilibrium one temperature N-S code.
In order to divide contributions of chemical reactions to total aerodynamic performance, calculations using
three different kind of gas models (perfect, frozen and real gas model) have been made.

Through these parametric computations, total aero- and aerothermodynamic characteristics of new
HOPE 11 basic design model are evaluated.
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Body Length  13.38m

Sref 50.22m?
MAC 6.055m
Span 9.67m

Rref.Point  Xref=0.635L8
Yref=0
Zret=0.5HB

LB: Length frem Body Nose
HB: Hight of Bady
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No | Model |Moo |(deg) | B(deg)] ReLB Remarks
32 0
33 5 0
34 10
35 04| 15 6.23E+07
36 0
37 5 -5
38 10
39 15
40 0
41 5 0
42 08| 10 7.70E+07
43 0
44 5 -5
45 10
46 0
47 5 0
48 09| 10 5.56E+07
49 0
50 5 -5
51 10
52 0
53 5 1]
54 t 10 4.29E+07
55 0
56 5 -5
57 10
58 0
59 [HOPETt 5 0 Aerodynamic
60 11] 10 3.86E+07 Load
[2] 0 Estimation
62 5 -5
63 10
64 0
65 5 0
66 12} 10 3.78E+07
67 0
68 5 -5
69 10
70 0
71 5 0
72 15{ 15 3.60E+07
73 0
74 5 -5
15 15
76 0
77 5 0
78 2 15 2.59E+07
79 1]
0 S -5
1 15
2 0
83 10 0
84 3 20 1.54E+07
85 0
86 10 -5
87 20
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Case Roo(MAC To | o B
No | Model | Condtion | Scale |Moo] base) Poo(Pa) | (K) I(deg)|(deg)
1 -5
2 o ]o
3 | HOPE11 [ 5 |
4 |with Sting|Wind Tunnel| 2.70% | 0.9 | 3.62E+06 | 8.87E+04 | 248 | 10
5 Support -5
8 0 5
7 5
8 10
9 0 0
10 Wind Tunnel| 2.70% 3.62E+06 | 8.87E+04} 248 5 No Sting
11 | HOPE1! 0 5
12 | without 0.9 5
13 Sting j o Jo
14 Support | Re-Entry | 100% 2.50E+07 } 1.38E+04 ] 217 | 5
15 Flight 0 5 | Number Change
16 5
17 -5
18 0 0
19 | HOPE11 | 5 |
20 |with Sting [Wind Tunnel| 2.70% | 1.7 | 4.08E+06 | 7.94E+04 | 232 | 10
21 Support -5
22 0 5
23 5
24 10
25 0 0
26 Wind Tunnel| 2.70% 4.08E+06 | 7.04E+04} 232 | 5 No Sting
27 | HOPEN o |5
28 | without 1.1 5
29 Sting 0 0
30 Support | Re-Entry | 100% 1.74E+07 | 1.38E+04) 217 | 5
kil Flight 0 5 | Number Change
32 5
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Case No|#{K#z4k| Mach No.| a(deg) | B(deg) | & e(deg) | Sbf(deg)| Poo(Pa) [ Too(K) | TwalllK) | Scale Remarks
1 11HOPE 3 10 5 0 0 994.3 288.8 1366 1 Perfect Gas Model
2 25 Side Slip Effects
3 5.97 20 3 460 58.1 300 0.036
4 30
5 40
6 9.94 30 99 50.3
1 40
8 50
15 10 40 0 0 0 58.9 51.1 300 0.028 Perfect Gas Model
16 3 Mach No. Effects
17 26 0 0.944 1974 1366 1 at @=30° ,
18 3 40° , 50°
19 8 30 0 79.55 270.7 with and without
20 40 Side Slip
21 50
22 10 30 36.73 257.6
23 40
24 50
25 15 30 11.49 234.3
26 40
217 50
28 20 30 4.007 2149
29 40
30 50
31 26 30 0.944 197.4
32 50
33 8 40 3 79.55 270.7
34 10 36.73 257.6
35 15 11.49 234.3
36 20 4.007 214.9
37 11THOPE 8 30 0 0 0 79.55 270.7 1366 1 Real Gas Model
38 40 frozen and chemical
39 50 non—equilibrium
40 10 30 36.73 257.6 computation
41 40
42 50
43 15 30 11.49 234.3
44 40
45 50
46 20 30 4.007 214.9
47 40
48 50
49 26 30 0.944 197.4
50 40
51 50
57 11HOPE 8 40 0 0 =20 79.55 270.7 1366 1 Perfect Gas Model
58 10 Mach No. Effects
59 10 -20 36.73 257.6 with body flap
60 10 and elevon deflection
61 15 =20 11.49 234.3 at a=40°
62 10
63 20 =20 4.007 214.9
64 10
65 26 =20 0.944 197.4
66 10
67 8 -35 0 79.55 270.7
68 10
69 10 -35 36.73 257.6
70 10
i 15 =35 11.49 234.3
72 10
73 20 -35 4.007 214.9
74 10
75 26 =35 0.944 1974
76 10
£3 HOPE11HEBBEERETHT—A
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85 11HOPE 8 50 0 0 ~20 79.55 270.7 1366 1 Perfect Gas Model
86 10 Mach No. Effects
87 10 =20 36.73 257.6 with body flap
88 10 and elevon deflection
89 15 -20 11.49 234.3 at a=50°
90 10
91 20 =20 4.007 2149
92 10
93 26 -20 0.944 1974
94 10
95 8 =35 0 79.55 270.7
96 10
97 10 =35 36.73 257.6
98 10
99 15 -35 11.49 234.3
100 10
101 20 =35 4.007 2149
102 10
103 26 -35 0.944 197.4
104 10
105 11HOPE 8 30 0 0 -20 79.55 270.7 1366 1 Perfect Gas Model
106 10 Mach No. Effects
107 10 =20 36.73 257.6 with body flap
108 10 and elevon deflection
109 15 -20 11.49 234.3 at @=30°
110 10
111 20 -20 4.007 2149
112 10
113 26 —20 0.944 197.4
114 10
115 8 -35 0 79.55 270.7
116 10
117 10 =35 36.73 257.6
118 10
119 15 -35 11.49 234.3
120 10
121 20 -35 4.007 214.9
122 10
123 26 -35 0.944 197.4
124 10
125 11HOPE 8 40 0 0 -10 79.55 270.7 1366 1 Additional body flap
126 10 36.73 257.6 and elevon deflection
127 15 11.49 234.3 effects
128 20 4.007 214.9
129 26 0.944 197.4
130 8 -10 0 79.55 270.7
131 10 36.73 257.6
132 15 11.49 234.3
133 20 4.007 214.9
134 26 0.944 197.4
154 11HOPE 5.91 0 0 0 0 248 59.1 300 0.04 Perfect Gas Model
155 10 launching phase
156 20 0 analysis
157 -20
158 5.98 0 1158 58
159 -20
160 3.07 0 1542.5 224.8 600 1
161 =20
162 0 400
163 800
164 600
165 -20
166 0 400
167 800
#®3
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Full Catalytic

el 0.378187

I 0.00324821

Non Catalytic

0243822

I Q.00061 5662

HeatTransrer(wam’)

' 0.243822

I 0.000615662

(a) Real

HeatTransfer(MW/mz)
hope11.m26a40froze

i 0363724

I 000331639

(b) Frozen

HeatTransfer(MWm?)
hope11.m10a40

m 0.0910639

l -0.0145752

Heat Transfer(MW n)
hope11.m10a40froze

[} 0105223

I-Q.O‘43554

Frozen

hope11.m26a40
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Qwad) Heat Transfer(MW/m’)
0.4
r Fullcat ws
Q35 Full cat WL
- — = = Noncat ws
03_ - =— = Noncat WL |
025
o2l
015f
o01fF
005
ok

WS : Windward Symmetry
WL : Wing Leading Edge Line

(a) IR USEE AN BEEEMBESHE (Mo=26, ¢ =40

Heat Transfer(MwW.m?
" . hope11.m26a40
avwim)
0.4
E b = Real WS
035 m Real WL
= — =— = Frozen WS
gab 3 (= — - e |
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005
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WS : Windward Symmetry
WL : Wing Leading Edge Line

Heat Transfer(MW/m?)
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014
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0.07
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WS : Windward Symmetry
WL : Wing Leading Edge Line

(b) RIESA (EfIEN) RV EERTETIILNBAELSHFLEE (Mo=26, a =40")

(c)RERE FEMEY) RUEERETILNBE S H LK (Mo=10, ¢ =40")

Thie dociiment i nrovided hv TAXA



204 000000000000 0460

(a) Real Gas
H14 RERE/ TE[EETIVICKAEHEEBROEIL(M,=26, 2=40° | BET HER)

BEOSBBKEUERL TS, /—XEIY TR TIE.
FRFBGFICRIBREERIENRIDD, BRI T
(N2) DE B RE—HROMICEEL TP, 22T
EETAREAE., FREFSNECIERATBROMESE
T, ERDTFHHEILL REEDHEA THRNIET
HB, ZORBIILLTIZR R 2L ABRER 4 THZE
TIMBAD b7 EEE 2 BRERH 5,

ZE MBS HINZ -2 DELMMBEED S RIT vy
8, 10, 15, 20, 26, {18 40" THOLMHE TR LN, filt
HEEDOHE Iy 15 LLEMSE N, /—XEiz
BWT B2REHELFBREOMEARD FH 5| &
HZ9, M13(a)izwyE 26 (28132 LR G
SRR R O ERBBRO B K BFTMEE & o751
BOMBAE S HOUBETT, /— AW TIIERHEK
JNZEY, FERMBEERA TORERIIKIELRMNEARD
EREFIERIL TS,

—75 . ERAMRFEH TIX, MIERES g comMEARITIE
ARIEEE R I B L T 20% R0 LR/ THB, ZhiTX
1212 H 6N D8 ERATEE TIIRBEL 7277230
L EDGBREGILLDFEEN / —XHHIZH T
BT HZLizLBEEZLND, M13 (D ITIFEER
h (JERERE) B ONBAE LE 7 /L CO R~ v 8

26 TOMBRO LB ETT, K13 (a) KEDO LG,

SEEMPGLEER M TOMBR LGRS TSR COMBLR
i, RRHTE DR EL LEDLOD AKIT RS MEL

{b) Frozen Gas

(c) Perfect Gas

RBOMERDBIEN 53135, F13(0) i3, = ¥ 10 12
B BEER A FEREEE) L BRETEE T Iz LB mEL
ROMOUB THD, ERAZEB TIIMBARIIZ
—HL, /X TRRHETET VOBRIEME
ERTH, BEEKEDROEBITIZZHRIL TNAZ
LA B,

R%IC, BIEKE, BRER., E2JEETVICLS
ZEAFEOEIZ DN TS, HRETHRORERIT, £
EREHEI-FCEBRISHECRNELZFHEIZ
56D THD, 14 RE/ FHRE Tal/EET
JVIZEBHOPE1 1 — Wi COBRE AR DE L
EWEE DR TR, SERREET VIR E R
BRDEALNPREL HER., EEKEET VONEIC
BL RO L TPL, BEHFEOELEE NP LALE
(Xep) R v F 27— A MABL (Cm) THT-HD
EE 151077, flhit~v 8T, A 30°, 407, 50°
DFERB Ty hIN TS, Brbwy 3 10 BT
TRREET MZLDZENFEOE(LIZEL T, =
AN 10 LULEDBEIRT, v o BOEmEEbiz, EE
K[EDEPRBREIZR2> TR T VR THS, H
A 30K U 40" TIHMLERIGA B EFRVEIRERDH
LA EPMEERICIZ L DB LRIRE THAIEN
HHT 3, LOLaasbil A 50" Ciifb B RSNZ LB
ENTEHREOTLICKBRERLRH>TWVS, T
DZEFH120ERFFOE RIS THASOD

Thie dociiment i nrovided hv TAXA



goboooooboooooboooboobooobobooooobog 205

—©— Alpha=30.froze =& Alpha=40.froze =B~ Alpha=50.froze
—©—Alpha=30.real —%—Alpha=40.real —&—Alpha=50.real
- - Alpha=30.ideal =2~ Alpha=40.ideal ~1=- Alpha=50.ideal
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