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Structure Design and Performance Study of a Multi-Layer Thermal
Protection Component with High Temperature Endurance
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(Aerospace Institute of Advanced Materials and Processing Technology, Beijing 100074, China)

LI Wen-jing,

Abstract: The structure design method and thermal protection performance of a multi-layer
thermal protection component composed of different functional layers were investigated. A
simulation calculation was applied to simulate the thermo-responsive behavior of the component
composed of ablator layer and insulation layer materials with different thicknesses. And a quartz
lamp heating test was carried out to verify the thermostable performance, insulation ability and
reusable property of the optimized component. The results show that, the compact ablator layer
material possesses an excellent thermostable performance and the insulation layer material
composed of aerogel has an ultra-low thermal conductivity. The multi-layer component, matching
the designed thicknesses for the target environment, can go through an 1 600 C heating test with
a low back-side temperature of only 118 C.
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Fig. 1 SEM image of the low thermal

conductivity insulation layer
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Fig. 2 Digital image of the low thermal

conductivity insulation layer
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Tab.1 Relationship between thermal stability, conductivity

and density of the insulation layer
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Fig. 3 Relationship between specific surface area,thermal conduc-

tivity and treatment temperature of insulation layer
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Fig. 4 SEM image of the thermal stable ablator layer
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Fig. 5 Influence of the infrared radiation opacifier on the
high temperature insulation property of the ther-

mal stable ablator layer
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Fig. 6 Simulation results of the back-side tempera-

ture of the components with different abla-

tor layer thickness
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Fig. 7 Simulation results of the back-side temperature of

ablator layers with different thickness
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Fig. 8 Quartz lamp heating temperature curves of the optimized

multi-layer thermal protection components
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Fig. 9 Images of the multi-layer thermal protection component
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Fig. 10 Computed tomography image of the insulation

layer after quartz lamp heating treatment
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component after different using times
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Tab.3 The main performance parameters of the multi-layer thermal protection component
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