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Abstract  As an active cooling technique, the regenerative cooling is widely applied in the thermal protection system of
hypersonic vehicle engines. To further improve the heat transfer performance of regenerative cooling engines, the
topology optimization of coupled thermal-fluid problem considering variable thermodynamic and transport properties
was investigated. First, a coupled thermo-fluid topology optimization model was established, the adjoint equation and
sensitivity considering variable thermodynamic and transport properties were derived based on the continuous adjoint
method. The solver is built on the open source platform OpenFOAM, the filtering and projection techniques are adopted

2023-06-29 ki, 2023-09-22 5, 2023-09-23 M4k K.
D) I RA w/KCEREIF 5 2 B35 H (2020B0909010003).
2) WIRMEF: Sk, RIS 5, =BT 7 8 A dlm A be . i 5 W% 8)) 1 2%, E-mail: wukun@imech.ac.cn
SIAAE: A, S, AR IE, YU P22, T M R SIHLIE A v H RS S H L. D224, 2023, 55(11): 2661-2674
Li Xinlei, Wu Kun, Zhao Linying, Fan Xuejun. Topology optimization of coupled thermal-fluid problems for regenerative cooling
engines. Chinese Journal of Theoretical and Applied Mechanics, 2023, 55(11): 2661-2674



https://doi.org/10.6052/0459-1879-23-276

2662 Wij 2 2 Eitd 2023 45 55 &

for alleviating numerical issues during the optimization process. A look-up table method along with an interpolation
module are included to calculate the thermophysical properties and corresponding partial derivatives. Then the topology
optimization of the coupled thermal-fluid system was conducted. The results show that as the power dissipation increases,
the topology layouts becomes more complex, and the flow separation and remixing of coolant are stimulated. By further
extracting five optimized topology layouts of the coupled thermal-fluid structures, i.e. Cases 1 ~ 5, the flow and heat
transfer properties of the three-dimensional cooling channel are numerically evaluated. It is found that the complex flow
separation and remixing facilitate the formation of vortices and stimulate the turbulence energy and thus improve the
local heat transfer performance of the channels. The heat transfer performance of Cases 3 ~ 5 are finally enhanced

compared to the conventional layout, and the average Nusselt numbers are increased by 12.6%, 16.0%, and 23.4%,

respectively.

Key words regenerative cooling, variable thermophysical properties, topology optimization, coupled thermal-fluid,
adjoint method
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