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Development of Multi-disciplinary Simulation for the Study of Re-Entry Flight
Aerothermodynamic Environments by Coupling CFD and Internal Structual
FEM Thermal Analysis

Yukimitsu YAMAMOTO* and Takashi KAI*

Abstract

HYFLEX (Hypersonic Flight Experiment) was conducted in February, 1996. In this Hypersonic flight, aerodynamic data and
temperature data on TPS materials and internal structure parts were obtained along its flight trajectory. Surface temperature history
of HYFLEX TPS parts were simulated by CFD-FEM coupling analysis and this type of multi-disciplinary simulation demonstrated
its usefulness for high quality evaluation of aerothermal environments of re-entry flight.

On the present paper, CFD-FEM coupling method is applied to the total thermal-structural analysis including internal alminum
structures, such as frames and stringers. This analysis are made to the flight time of 300sec and good agreements with flight data are
obtained for temperature increase of HYFLEX vehicle .

HYFLEX Re-Entry Simulation

Re-Entry
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( a) 7“,5%&
SRR | 8ME B E(m?/ sec) B BE(kg/m”) X BB R(J/kgK)
0.0 0.0 0.0
2940 155.0 2.352E+06
311.0 157.0 2.380E+06
366.0 162.0 2.492E+06
4220 166.0 2.604E+06
1550.0 246.6 4.860E+06
PID 110001 RE7ILE
PID 145001 IAVI%s a1
PID 145002-145015 MR{E&EIL—L
PID 150001-150003 MR{FkOL oy
PID 200001 ER7MLE
PID 210001 EWIL—-L
(b) /e
SRR B W E(m?/sec) BAE(kg/m°) x BB B (J/kgK)
0.0 0.0 0.0
293.0 6.6 1.215E+06
773.0 8.2 2.527E+06
1237.0 8.1 2.997E+06
1773.0 8.1 3.110E+06
PID 100001 /—ZXFxxyT
(c)

I3y I24IL

BEEK) [ E(m’/sec) B A (kg/m”) x A T(J/kgK)
0.0 0.051 0.0
298.0 1.425E+05
473.0 1.843E+05
484.0 0.1
673.0 2.052E+05
791.0 0.1
8730 2.185E+05
1073.0 2.299E+05
1074.0 0.1
1550.0 0.2 2.571E+05
PID 130001 Rixs31L
PID 230001 ER2N
(d) siP
SBAEK) [ SMm W (m’/sec) BB (kg/m") X BB I(J/kgK)
0.0 0.000 0.0
255.0 1.600E+05
311.0 2.140E+05
366.0 2.840E+05
401.0 0.029
4220 3.720E+05
460.0 0.032
4770 4.820E+05
566.0 0.035
573.0 6.740E+05
1550.0 0.063 2.628E+06
PID 120001 RSP
PID 220001 ERsP
(e) qES
mEK) &ﬁ§§(mz/sec] Ez(kgms)xg B R/ kgK)
0.0 0.0000 0.0
255.0 0.0329 1.1856E+05
394.0 0.0519 1.4208E+05
533.0 0.0700 1.6352E+05
672.0 0.9170 1.8096E+05
811.0 0.1142 1.8560E+04
950.0 0.1385 1.8688E+05
1089.0 0.1644 1.8896E+05
1227.0 0.2077 1.9760E+05
1550.0 0.3090 2.1782E+05
PID 190001 FR{& L83 E] &S5 M st
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