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Thermal Protection System Evaluation with the Flight Data

National Space Development Agency of Japan
Takashi Kai

Thermal protection system of the HYFLEX vehicle is evaluated with the flight data. Every sensor
worked well in flight measurement. Flight data shows that the measured maximum temperatures were under
allowable limits for each materials. Explanation of the thermal protection system, summary of the flight

data, and examples of post flight analysis using measured heating rates are shown.
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Table 1. Allowable Temperature Criteria

Material Limit{°C)
Carbon-carbon 1650
Ceramic tile 1400

FS1] 800
Titanium alloy 600
Aluminum alloy 177
(SIP & Filler Bar: 350 “C for reference)
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Fig.8 (1/2) Measurement Points in Flight Experiment (1/2)
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Fig.8 (2/2) Measurement Points in Flight Experiment (2/2)
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Table 3. Ceramic Tile System Nominal Property for Aftbody

(a) Ceramic Tile

Temp.| Thermal Conductivity Temp.| Specific Heat Density: 0.19 g/cn®
C ¥ m. K °C J:g. K
211 0. 051 100 0. 86 Emissivity: 0.8
518 0.080 400 1. 08
801 0.107 500 1. 21
( 0.009atm )
(b) SIP
Temp. | Thermal Conductivity Temp. ! Specific Heat Density: 0.20 g/cn®
°C ¥/m. K °C Jig. K
128 0.029 38 1. 07
187 0.032 149 1. 86
293 0.035 30p0 3.37

( 0.0009atm )
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Fig.10 Aerodynamic Heating at TA35

- T
i : HEAS
20 ! ' - —] : Peee-- PRI-1
| / \.\ ; — = — PRD-Z
| == - =L 1 — — PRD-3
150 7 T
E i W I )
£ 100 —f :
& e R AN
E ! / f" \ Fl
50 ! .’ : T
& 7 d : i £
0 | | —
0 100 200 300 400) 500 600 700 80
Time from Separation sec

PRD-1:0.00Batm, PRD-Z:20%dev, PRD-3:latm
Fig.11 Postflight Prediction on TA37
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Table 4. Carbon-Carbon Nominal Property for Elevon

Temp. | Thermal Conductivity (W/m.K)| Specific Heat
°C [nP1. OQutPl. I/7¢g. K
20 6.6 36 0.75

500 8.2 42 1.56

1000 8.1 41 1. 85

1500 8.1 41 1.92

Density: 1.62 g/cn®

Emissivity: 0.85

Fig.13 Finite Element Model of Elevon
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Fig.12 Aerodynamic Heating at Elevon
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Fig.14 Postflight Prediction on TP03
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