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HYFLEX Computational Fluid Dynamic Analvsis

by

Yukimitsu YAMAMOTO*

ABSTRACT

HYFLEX (Hypersonic Flight Experiment) was successfully conducted on Feb. 12, 1996. Various

hypersonic lifting flight data on aerodynamics, thermal protection system etc, were acquired during the

flight. In this paper, Navier-Stokes CFD code and FEM thermal response analysis are coupled in

order to simulate more completely the aerothermal environments of HYFLEX re-entry flight.

Numerical computations are made along the flight trajectory. The results of the present numerical

simulation are compared with the flight data of surface pressure and temperature measurements. It

is demonstrated that the flight data of aerodynamic characteristics and aerothermodynamic heating

can be well simulated by the present coupling simulation technique.
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HYFLEX Flight Trajectory
Time | Altitude Velocity | Temperature | Pressure Density Moo a
t(sec) H(m) | Ues(m/sec) Teo(K) Poo(Pa) | peo(kg/rd)
5044 | 93043 3932.4 194.82 0.10982 | 1.8988e-06 | 14.120 | 48.914
60.44 | 88167 3932.5 194.39 0.25266 | 4.6453¢-06 | 14.276 | 49.395
7044 | 82701 39333 200.23 0.63898 | 1.1981e-05 | 14.109 | 48.327
80.44 | 76564 3919.2 211.21 17277 | 3.1482¢-05 | 13.643 | 50.519
90.44 | 69822 3918.8 223.44 4.8786 | B.4915¢-05 | 13.177 | 49.959
100.44 | 62632 3895.9 238.28 13.821 | 0.00022202 | 12.550 | 49.044
110.44 | 55103 3840.6 252.61 38.690 | 0.00056118 | 11.870 | 48.902
12044 | 47963 36901 262.82 97.676 | 0.0013227 | 11.189 | 48733
130.44 | 42502 33485 258.14 197.50 | 0.0027883 | 10.414 | 46.760
14044 | 39575 | 20475 252.63 | 290.48 | 0.0042514 | 9.3145 | 39.236
150.44 | 38670 2650.4 250.95 327.34 | 0.0048578 | 8.4178 | 32.899
160.44 | 38075 24366 249.77 355.44 | 0.0053070 | 7.7647 | 28.992
170.44 | 37625 2259.3 248.60 377.78 . | 0.00s6757 | 7.2183 | 29.362
180.44 | 37411 2093.1 247.98 | 388.97 | 0.0058616 | 6.6953 | 29.414
190.44 | 37173 1939.1 247.21 401.74 | 0.0060749 | 6.2112 | 29.401
200.44 | 37175 1800.1 247.31 401.55 | 0.0060728 | 5.7658 | 29.462
220.44 | 36514 1606.1" | 245.63 439.38 | 0.0067110 | 5.1638 | 29.593
240.44 | 35697 1400.6 242.78 49213 | 0.0076021 | 4.5246 | 29.689
26044 | 34756 1219.0 239.93 561.87 | 00087891 | 3.9598 | 29.834
280.44 | 33585 1040.3 235.72 §63.67 | 00105530 | 3.4026 | 30.097
300.44 | 32435 893.72 231.36 783.52 | 0.0126590 | 2.9434 | 30.250
32044 | 31268 730.56 227.50 930.41 | 0.0151580 | 2.4147 | 34.911
340.44 | 29851 584.97 224.02 1150.20 | 0.0188380 | 1.9395 | 35.190
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Material Temp Density Specific Thermal Emissivity
Heat Conductivity
<) (kg/m**3) | (kg T) | (wm.C)
C/C Nose cap 20 T 1500 ¢ 665.6 2034 i 0.85
Parallel 500 1553.0 33.91 :
Direction 1000 . 1816.7 34.87
1500 22712 43.53 .
C/C Nosecap 20 1500 665.6 4.52 0.85
Nomal 500 1553.0 7.53
Direction 1000 1816.7 7.74
1500 2772 9.67
Ceramic Tile 25 1936 749.0 0.029 0.85
250 992.0 0.051
500 1118.0 0.076 -
750 1197.0 0.102
1000 12420 0.127
1200 1278.0 0.147
1500 1330.0 0.177
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