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Fig.1 The schematic diagram for novel light-weighted

multilayer heat protection structure
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Fig.2 The model of one dimention multilayer heat

protection structure
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Table 1 The material parameters of the different layers

Specific heat

Coefficient of thermal

Material Zf(enzib;/) capacity/ conductivity/
& J-(kg'K)~! W-(mK)~!
saffil alumina fiber 56 1.0x103% A=at+b
extra-fine glass wool 26 1.0x103 0.03256
strain isolation pad 86.5 1.1x103 0.03
aluminum alloy structure  2.8x103 0.9x10% 130
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Fig.5 The surface temperature variations of American space

shuttle when reentry
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Fig.11 The temperature distributions at different times
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Fig.12 Finite element model for structure analysis
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Table 2 Geometries of lattice sandwich plate

Panel length/ Panel width/ Top face sheet Bottom face sheet Core height/ Core relative

mm mm

thickness /mm  thickness/mm mm

density
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0.076 8.2 0.004
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INTEGRATED OPTIMIZATION DESIGN OF LIGHT-WEIGHT
MULTILAYER THERMAL PROTECTION STRUCTURES"

Chen Liming* Dai Zheng* Gu Yu! Fang Daining*?)
* (Department of Engineering Mechanics, School of Aerospace, Tsinghua University, Beijing 100084, China)
T(LTCS and College of Engineering, Peking University, Beijing 100871, China)

Abstract The large-area thermal protection structure is widely used in aerial and aerospace fields, in which
creative structural design is one of the key technologies. The work conditions of the aerospace structures demand
the thermal protection materials and structures should have combined features of light-weight, high thermal
resistance and anti-collision stiffness. Thus the thermal protection materials and structures are in the trend of
integration. Based on this trend, this paper brings forward a design of the light-weight integrated multilayer
thermal protection structures. The heat transfer of integrated multilayer thermal protection structures during
the re-entry process of space shuttle is investigated. Based on the assumption of one dimension heat transfer
of the large-area thermal protection structures and the temperature conditions of the re-entry process for space
shuttle, one-dimension transient heat transfer model and closed equations are established. A numerical difference
method is used to solve the equations, and finite element analysis using the commercial software ABAQUS is
carried out to identify the validity of the difference method. The temperature distribution of multilayer thermal
protection structures is obtained. The integrated optimization design method of light-weight multilayer thermal
protection structures is presented aiming at the lightest weight of the structures under given certain thermal

constrains. The optimal geometry parameters of the multilayer structures are obtained.

Key words thermal protection, heat transfer, light-weight, lattice, integrated design
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