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Optimization study of heat transfer properties for generic shingle
ceramic thermal protection system

LI Guangde, ZHANG Changrui, HU Haifeng, ZHANG Yudi
(National Key Laboratory of New Ceramic Fibres and Composites, National University of Defense Technology ,Changsha 410073, China)

Abstract ; For the demand of hypersonic aircraft for generic shingle ceramic thermal protection system ( TPS) , the transient heat transfer model

of TPS structure was established and the influences of some factors, such as material properties, thickness, phase change materials and its location ,

on heat transfer properties were investigated. Results show that: material properties and thickness of heat insulation layer play a key role in heat

transfer properties, while these of the heat protection layer almost exist no effect; the introduction of phase change materials obviously improves the

heat transfer properties of TPS structure ; the location optimization of phase change layer is an effective method to improve the heat transfer properties

and reduce the thickness; the thickness optimization of heat insulation layer can provide reference for the TPS design.
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Fig.1 Insulation function sketch of phase change materials
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Tab.1 Initial values of thickness and material properties for TPS structure
Materials Thickness/m Thermal condu?tivjfy Specific héiat | Densit}i .
/W (m-C) /T (kg-C) /kg + m
Thermal protection layer 0.002 4 970 1850
Heat insulation layer 0.025 0.02 514 220
Load bearing layer 0.002 153 865 2800
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Tab.2 Thermal properties of phase change materials

Material Phase change Phase change Density Thermal conductivity
ater!
atenals temperature /C latent heat /J - g™ /kg +m™? / W=+ (m-C)™

PCM -40 42 ~50 750 0.412

PCM -70 36.5~80.3 165.16 940 0.387

PCM -90 78.6 ~118.2 198.57 1380 0.325
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Fig.3 Temperature contour for TPS structure at 1000s
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direction for TPS structure at 1000s
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Fig.6 Influence of material properties of heat insulation layer on cold side temperature
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Fig.7 Thickness influence of thermal protection layer and heat insulation layer on cold side temperature
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with different phase change materials
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Fig.9  Cold temperature—time curves with different location of PCM layer
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Fig. 10  Temperature of upper surface — time curves with different location of PCM layer
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