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CFD Amalysis of HYFLEX Aerothermodynamic Characteristics

National Aerospace Laboratory
Yukimitsu YAMAMOTO

Hypersonic CFD analysis has been conducted for the evaluation and investigation of HYFLEX
aerothermodynamic characteristics. Numerical analysis was also made for the aerodynamic design
before HYFLEX flight and favorable agreements with wind tunnel experimental data were obtained.

New computations along the HYFLEX flight trajectory starts for the investigation of
aerothermodynamic characteristics of Re-entry flight. In the present analysis, perfect gas and
non-equilibrium Navier-Stokes computaitons are conducted, and aerodynamic characteristics are

compared with the flight experiment in detail.
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HYFLEX Flight Trajectory

T IR R &R 325

Time Alitude Velocity | Temp Pr Density REYNOL

#{sec) A(w) Uoo(a/sec) | To0(K) Po(Pe) | poo(kg/nl ) Moo ™w

50.44 93043 3932.4 194.82 0.10982 | 1.9637¢-06 14.054 33125 | 0.2382E+04
55.44 90568 3931.3 194.44 0.16758 | 3.0024¢-06 14.064

60.44 88167 39325 194.39 0.25266 | 4.5279¢-06 14.070 372.03 | 0.5504E+04
65.44 85462 39323 195.18 0.40140 | 7.1645¢-06 14.041

70.44 82701 39333 200.23 0.63898 | 1.1117¢-05 13.866 436.11 | 0.1318E+05
75.44 79731 3935.0 205.60 1.0408 1.7635¢-05 13.690

80.44 76564 39192 21121 L7277 2.8497¢-05 13.452 535.14 | 0.3218E+05
85.44 73156 39192 217.03 2.9395 4.7183¢-05 13271

90.44 69822 39188 223.44 4.8786 7.6064¢-05 13.078 637.08 | 0.8192E+05
95.44 66198 3907.4 231.41 83127 0.00012514 12.813

100.44 62632 38959 23828 13.821 0.00020206 12.590 76232 | 0.2052EH06
105.44 58836 38758 244.76 23.396 0.00033301 12358

110.44 55103 3840.6 252.61 38.690 0.00053357 12.054 951,641 | 0.5096E+06
115.44 51329 3792.8 260.41 63.371 0.00084775 11.724

120.44 47963 3690.1 262.82 97.676 0.0012947 11.354 119630 | 0.11S1E+07
125.44 44919 3532.7 260.42 14433 0.0019308 10.920

13044 42502 33485 258.14 197.50 0.0026653 10396 1449.70 | 0.2181E+07
13544 40771 3143.2 25532 247.87 0.0033820 9.8126

140.44 39575 29475 252.63 290.48 0.0040057 9.2506 1572.03 | 0.2936E+07
145.44 38993 27875 251.46 314.03 0.0043505 8.7687

150.44 38670 2650.4 250.95 327.94 0.0045526 83458 1548.73 | 0.3016EH07
15544 38329 25389 250.31 343.40 0.0047792 8.0048

160.44 38075 2436.6 249.77 355.44 0.0049574 7.6906 1513.78 | 0.3031E+07
165.44 37856 2346.4 249.25 366.14 0.0051175 7.4138

170.44 37625 22593 248.60 37178 0.0052938 7.1480 1461.35 | 0.3013E+07
175.44 37487 21699 248.20 384.97 0.0054034 6.8707

180.44 37411 2093.1 24798 388.97 0.0054643 6.6302 1406.01 | 0.2886E+07
185.44 37310 2012.6 247.66 39433 0,0055468 6.3794

190.44 31173 1939.1 247.21 401.74 0.0056612 6.1521 1356.50 | 0.2778E+07
195.44 37243 18572 247.50 397.88 0.0056005 §.8889

200.44 37175 1800.1 24731 401.55 0.0056562 5.7098 1309.39 | 0.257SE+07

Fig.1
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HYFLEX OIL FLOW and PRESSURE CONTOUR

Flight Time=80sec Altitude=69.8km
U.,=3918.8m/sec T..=223.44K U..=3918.8m, sec T..=223.44K
P:.=4.8786Pa Mc.=13.078 P.-=4.8786Pa M:-=13.078
Twall=637.08K Re=0.8192E405

Twall=637.08K

Re=0.8192E+05

Fig.2
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HYFLEX OIL FLOW and PRESSURE CONTOUR
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Twall=1461.35K Re=0.3013E+07

Fig.3
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Fig.5 Heat Transfer Distirbutions along the
Symmetry Line of the HYFLEX Fuselage at  Each Trajectory Point

Thic dociiment i nrovided hv TAXA



110

——CL
--@--CD
—o--CM
HYFLCLCD v
1 - -4- - CLTOTAL §—
—v- - CDTOTAL
0.8 //"'—"- V-—-——-q—- -_:*
/l
0.6, s = %/’ & Ereemei
A
0.4 A
—A
-~!—--—~=v--¢/
0.2
R B i & et — e
-0.2
6 8 10 12 14

MACH

Fig.6  Aerodynamic Coefficients
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Fig.7  Comparisons of Pressure Contours between Real Gas and Perfect Gas Computations
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