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Thermal-fluid-solid coupling analysis of light-weight actively

cooled panel with lattice-framed material

LUO Shukun SONG Hongwei HUANG Chenguang WANG Xi WANG Yiwei
(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China

Abstract: A class of light-weight actively cooled panel made of lattice-framed material (LFM) core is
proposed, and its heat transfer and thermal structure responses at Mach 6 are studied. A general comparison
of thermal protection, thermal strength, and light-weight performance is made between the LFM panels and
square-channel panel. A numerical method of 3D coupled fluid structure for the conjugate heat transfer is
employed, and the interaction and dynamic heat transfer process of some typical LFM structures with the
cooling fuel is investigated. Temperature variant behavior of thermal properties of both hydrocarbon fuel
and alloy material is considered in the numerical model. The 3D transient temperature field of fluid and
structures is firstly computed using the conjugate heat transfer model, and then the thermal stress of
structures is obtained via sequential coupling method. The results show that in the same thermal
environment, the heat transfer property of the fluid-solid interface of high porosity LFM panels outclass that
of the square channel panel, therefore the maximum temperature of the structure is reduced and the stress

concentration problem is mitigated. It is found that the cell configuration of LFM has significant influence
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on the heat transfer and thermal structure behavior of the active cooling panels.

Key words: active cooling; lattice-framed material (LFM); fluid-structure interaction; thermal protection
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