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Abstract In 1944, the X-1 program, the first supersonic airplane research project, began, and the first
flight above the speed of sound was performed successfully in 1947. On the other hand, as the flight
speed increased, the temperature of the aircraft surface due to aerodynamic heating rose to a serious
level. Accordingly, the need for a thermal protection structure (TPS) was raised for space vehicles flying
at hypersonic speeds to prevent temperature increases due to aerodynamic heating. Nevertheless, the
detailed technology has not been disclosed because the TPS technology is related to national defense,
so there is a need for domestic technology independence in the TPS. Accordingly, as part of a study on
the spacecraft structure and detailed system concept, this study conducted a literature review on the
performance conditions for the spacecraft TPS. The composition of the TPS was identified, and the
manufacturing process of the TPS panel was analyzed. In addition, the heat transfer analysis results for
the finite element model and heat protection structure developed by NASA for the study of TPS were
analyzed, and the internal surface temperature characteristics of the insulation thickness were identified

to examine the heat barrier performance of TPS.
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Fig. 1. Space Launch Vehicle Developed by NASA[1]

Fig. 2. Bell X-1 and NASA X-43Al2,3]
(a) X-1 (b) X-43A
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Table 1. Characteristics of Super Heat-Resistant
Alloy, Insulation Materials, and Heat-Resistant
Composite

Material Characteristic

* Used for X-15 shell
* Withstands up to 650C
* High durability against thermal stress

Inconel X/X-750

* Nickel-based super heat-resistant alloy
* Used in X-20 truss structures
* Withstands up to 980T

Rene 41 superalloy

Titanium-Aluminium
alloy (Ti-Al alloy)

* Developed as a material for scram jets
* Withstands up to 650C

* Alumina fiber type

Safill Blanket * Withstands up to 1600T

* High temperature ablation material

* Withstands up to 3000C

* Excellent thermo-mechanical
performance

c/c*

* High temperature ablation material

* Withstands up to 2500C

* High oxidation resistance and excellent
thermo-mechanical performance

* Widely used in structures exposed to
extreme aerodynamic heating
environments.

C/sic**

* Low-density ablation material, heat
protection material
* Used as an insulator to block heat

%Carbon Fiber Reinforced Carbon Composite
%%_Carbon/Silicon Carbide Composite
***Carbon Fiber Reinforced Phenolic Composite

*#%%Silica Phenolic Composite
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¢ Heat flux(face): %2,500Btu/ /s

* Heat flux(gap): ~60% of face

* Coolant temperature: Cryogenic to 1,100°R
¢ Coolant pressure: 4,000psi

e Acoustic pressure: »176dB
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Fig. 4. Maximum Radiation Equilibrium
Surface Temperature[14]
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Fig. 5. History of Heat Flux and Pressure[14]
(a) Heat Flux History (b) Pressure Loading History
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Fig. 6. Heat Structure Problem of Heat Protection

Structure
(a) Finite Wall (b) Semi-infinite Wall
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Fig. 8. Result of Finite Element Analysis
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