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Study on finite element algorithm for three dimensional tr;a@ﬁent heat
transfer during falling reentry of spacecraft with metal{ru)s{ structure
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SHI Wei-bo', SUN Hai-hao', TANG Xiao-wei's MA qul'é% o/ LI Zhi-hui*"?
(1. China Aerodynamics Research and Development Centerg/lian@n 641000,China;
g/?OOM)l ,China;

2. National Laboratory for Computational Fluid Dynamics , Beijing
£
3. College of Mathematics, Sichuan University&)hef@dy(ﬁl 43,China)

Abstract: To construct the finite element model for the heat{trapsfer of large-scale complex spacecraft
with a metal truss structure during in reentry in aerptk'e modynamic environment, is the key to
accurately predict the temperature distribution of the efd-of

reentry and disintegration. In this paper, the four-po'?i&

life spacecraft during the process of falling
tetrahedron element is used to discretize the
space,and the heat transfer equation is discretiz d\‘ihto a set of algebraic equations. The symmetric
positive-definite stiffness matrix with a highly & &se and non-zero element distribution is obtained by
the overall synthesis of the finite eleme {ﬁé:%od. The one-dimensional variable bandwidth storage
depress the temperature oscillations appearing in time and space in the solving process, the centralized

heat capacity matrix coefficient method 1§ developed. The elements on the same row or column elements

J

technique is developed to effectively ‘ego e the data storage of large sparse matrix. To effectively
of the heat capacity matrix are (su;m;

to replace the diagonal elements, so that only the diagonal
elements of the new heat capaci”tﬂ trix are non-zero,and the remaining elements are zero. The two-

point backward difference ;cl?e%ge,(/

the three-dimensional transléQt témperature field. By computational analysis of transient heat transfer of

nk-Nicolson scheme and Galerkin scheme are constructed to solve

a rectangular cylinde~q' the converged temperature solutions of the above-said three schemes are
found to be in good agreem®ént, and the results are consistent with those of the existing finite-element
software ANSYS, which confirms the precision and reliability of the present 3D finite-element model for
transient heat transfer. The heat transfer computation is carried on the shell structure of a low-orbit
spacecraft made of aluminium alloy,and the transient temperature distribution of the Tiangong’s two-
capsule structure is simulated and analyzed from the flight altitude of 107. 5 km~90 km,which provides
the theoretical support and computable model for the forecast of disintegration of the end-of-life
spacecraft during falling reentry.

Key words: spacecraft with metal truss structure;falling reentry from the outer space;
3-dimensinal transient heat transfer;finite-element computational model
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