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Abstract

Numerical study of hypresonic flow around HOPE (H-11 Orbiting Plane) is performed, using
flux-split and flux difference spliting upwind TVD Navier-Stokes codes. New parametric computations
are made to determine the basic configuration from two type of HOPE candidate geometry designs. One
type is the double delta type model (DD model) and the other is the power delta type one(PD model).

Also, in order to investigate real gas effects, numerical calculations, corresponding to the flow
conditions of high enthaly wind tunnels of DLR, HEG and Caltech T-5. are made. In addition,
hypersonic perfect gas flow calculations are made for the comparison with experimental data of AEDC
and ONERA S4MA hypersonic wind tunnel and Calspan's shock Tunnel. Through the preset numerical
analysis, detailed aerodynamic and aerothermodynamic characteristics of HOPE are inbésitigated,

These works have been done as the joint research of NAL and NASDA.
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HOPE HSBBSECFORHFiY—2
— AN B UEH (deg
No |S&ei’) [MBEER | 7.AH PR K RE Pa) |23 (K a 8 "z
1 oD X X 35 0
2 TeEhKk 26 1986 1.0524 1200 35 3 $7°925L 8 1 A
3 PDEX 35 0
4 35 3
5 DD ¥ X 35 0-
6 XEEHK 26 198.6 1.0524 1200 35 3 EXREUERGEA
7 PD X X At ¥ B¢ 35 0
8 35 3
9 30 0
10 |eE&k 17.71 4348 38.85 300 35 0
1" DD X X 35 3 CALSPAN R R R
12 40 0 bl ]
13 11.83 85.17 468.2 300 35 0
14 PDEX 14.5 70.06 129.14 300 35 0
15 35 232.41 727.42 1200 20 0
16 5 246.64 364.12 1200 20 0
17 DD X 8 270.65 79.36 1200 20 0 .
18 10 257.82 38.107 1200 20 0 EXEXEURER
19 Te¥K& 26 198.6 1.0524 1200 40 0 RU
20 3s 23331 693.93 1200 20 0 ERusaxgid
21 5 251.42 276.43 1200 20 0 AX—-2F~-9%
22 PD & X 8 268.94 65.612 1200 20 0
23 10 253.84 32.159 1200 20 0
24 26 198.6 1.0524 1200 40 0
25 30 0
26 PD % %X 35 0
27 40 0
28 T2 E¥& 10 46 59 300 35 3 ONERA R B
29 35 0
30 DD X & 35 0
31 40 0
32 35 3
£l
HOPE BESEXECFORWEY -2

—REZH BREH (deg
No | SiEei' s B ER [ XX s [BE K B X kym R (K a 8 . K3
a3 DD & X 6180 934 0.0034 300 35 3
34 5151 708 0.00587 1) 8] 35 3
3B | XEGEK |PDEX 6180 934 0.0034 300 35 3 HEG R R
36 5151 708 0.00587 At 43 B¢ 35 3
37 BEREER 6180 934 0.0034 300 0 0
38 5151 708 0.00587 300 0 0

—HEEH B8 (deg
No |{E&7"r |BEER EEXY 3 BER K B E (Pa) A K a B8 =z
60 28K |[PDEX 15.59 86.44 37.89 300 35 0 CALSPAN 1 B R
61 14.85 125 22.55 300 35 0 X% A

—RERH B EHF (deg)
No |K&EF's |[BMUEY [EF ms [PE K ERgm [BE (K a 8 nx
63 BERRER 3960 1410 0.03 300 0 0
64 XELEEK 5630 2710 0.015 A B¥ A2 0 0 T-sRAREHD
65 DDEZX 3960 1410 0.03 300 35 0
66 5630 2710 0.015 Ab 4Y A3 35 0

—HEZH B EH (deg)
No |S&ii's [RERER EEYY 2 BE K B E (Pa) BE K a 8 . K3
67 20 0
68 DDEX 25 3
69 35 0
70 TeEHK 8 52.2 262 300 50 0 AEODCE B R K
" 20 0 b iy
72 PDEX 25 3
73 35 0
74 50 0

— AR H BT HE (deg)
No |S&Eei" s |MEREK [KE ns (1A (K B2 B kg/m DR K a ] L K3
75 XS & {oDX X 3960 1410 0.03 300 35 3 T-SRAREHRBD
76 5630 2710 0.015 i X &2 35 3
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HOPE EBEZECFDRHY -2

—HEEH BB EMH (deg)
No | &E¢kzi's BiER To AR DA K BE(Fa) |28 K a J] [ K3
80 17.71 435 38.85 300 35 0 MAN YRR
81 DD 11.83 85.2 468.2 300 35 0
82 |t2EK b/ WAV 26 198.6 1.0524 1200 35 0
83 EREK 26 198.6 1.0524 1200 40 0
84 5 246.6 364.12 1200 20 0
85 3 0 25l I
86 D.D 26 198.6 1.0524 1200 35 0
87 TL2EK [~ & %23 40 0
88 35 0
89 5 246.64 364.12 1200 20 0
101 DD. M RE R
102 D.D. A°9-2bb-9 5 246.64 364.12 1200 20 o
103 | T2 KK D.D. Strake Sweep
104 DD. % & LT 26 198.6 1.0524 40 0 225 LG 1
105 5 246.64 364.12 20 0
106 DD.BE T 26 198.6 1.0524 40 0
107 246.64 364.12 20 0
DD.; Double Deita Type
—HERH RRER (deg) |
No |&K&Ei's 24 ER AR BRARA K BE Pa) |8BE K a B K3
90 P.D. 16.94 233.3 10.928 1200 35 0 PD./ - X
91 T2 €K& AHER 35 3 HEERYE
114 25 0 P.D.
115 30 0 V& X: PN
116 P.D. 35 0
117 HigyxaeLE 16.94 293.3 10.928 1200 40 0
118 |2 €& 25 3 P.D.
119 30 3 VRS E X: PN
120 35 3 mI<Ysf
124 40 3
122 P.D. 25 0 P.D
123 | XEKHK Nt E 16.94 2333 10.928 1200 30 0 J—XEXEKX
124 NonCatatytic 35 0 XEESEDR
HOPE ®BBSZEZCFDEHFIr—X
_ _—HEES B BEH (dog
No |E&EF's [HUAER 79 A B MR K MBE Py |BA K a B [ K3
130 ' 35 0
131B 26 198.6 1.0524 1200 35 3
1328 HOPEO7 35 5 vAFLENH
133 |2 K8 (EER 40 0 HOPEOT
134 3.5 232.4 727.42 1200 20 0 MRBER
135 5.0 246.6 364.12 1200 20 "0
136 8.0 270.65 79.36 1200 20 0
137 10.0 257.80 38.11 1200 20 0
140 35 0
1418 : 26 198.6 1.0524 1200 35 3
1428 HOPEQ? 35 5 v2AFLRNH
143 | T2 K& | 2b1-2 40 0 HOPEOT
144 WAt 35 2324 727.42 1200 20 0 ZbL—-2mMH
145 TEER 5.0 246.6 364.12 1200 20 0 TEER
146 8.0 270.65 79.36 1200 20 0
147 10.0 257.80 38.11 1200 20 0
150 35 0
1518 26 198.6 1.0524 1200 35 3
1528 HOPEO? 35 5 25 LB
153 | R2eK&k | FEXE 40 0 OPEO7
154 T ERR 3s 232.4 727.42 1200 20 0 0 7 THEEEDR
155 5.0 246.6 364.12 1200 20 0
156 8.0 270.65 79.36 1200 20 0
157 10.0 257.80 38.11 1200 20 0
160 35 0
1618 26 1986 1.0524 1200 35 3
1628 HOPEO7 35 5 PN 4 i
163 |R2EH% [ TR 40 0 OPEO7Y
164 R X # R 35 2324 727.42 1200 20 0 0 7 1 R¥MAR
165 5.0 246.6 364.12 1200 20 0 A RKR
166 8.0 270.65 79.36 1200 20 0
167 10.0 257.80 38.11 1200 20 0
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CALTEC T-5 Flow Condition1
TEMPERATURE
P-=1230Pa /(=0.030kg/n?

U~3960m/sec T.=1410K
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CALTEC T-5 High Enthalpy Flow Condition

No. [P o (Pa) | pulks/m") | U (m/8)} [T o0 (K)| mass fraction Re(/m)

Ni 0.724
0, 0.171

1 1230 0.030 3960 1410 NO 0.0648 |4.12x10°
N 8.3x10"*
(] 0.0259
Na 0.733
[ 0.0982

2 1293 0.020 4860 2070 NoO 0.047¢ [2.55x10°
N 2.49x10°*
[+] 0.108
N, 0.744
0, 0.0271

3 1361 0.015 5630 2710 NO 0.0233 |1.00x10°
N 5.83x10 ¢
[+] 0.193

DLR HEG High Eathalpy Flow Condition

No.|P . (Pa)] pu{ts/m?) | Uy (m/s) | T o (K) mass fraction Re(/m)
N, 0.762
[:% 0.0348

1 370 0.00156 5938 o8 NO 0.0317 |8.33x10
N 0.0
5] 0.1708
N; 0.744
0, 0.0658

32 1030 0.0034 €180 4 NO 0.0429 |1.58x10°
N 0.0 |
[+ 0.1468
N, 0.733
0, 0.1578

3 1230 0.0058 5181 708 NO 0.0688 |2.70x10°
N .0
o 0.0406
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