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Heat Transfer Characteristics and
Structural Optimization of Copper Foam/PNIPAM Composite Phase-Change Thermal Diodes
Wang Guoqing Zhang Zhaoli Zhang Nan
( School of Mechanical Engineering, Southwest Jiaotong University, Chengdu, 610031 )

[ Abstract ] In conventional evaporative phase-change thermal diodes, the low phase-change rate and limited heat transfer
capacity have become major factors restricting further performance enhancement. To address these limitations, a phase-change
thermal diode based on a copper foam/PNIPAM hydrogel composite is proposed in this study. By virtue of the high thermal
conductivity and porous architecture of copper foam, the heat and mass transfer performance of the PNIPAM hydrogel is
effectively enhanced. Combined with the reverse thermal insulation effect of the air layer, the thermal rectification behavior of the
diode is further strengthened. The enhancement mechanism induced by copper foam on the heat and mass transfer characteristics of
the PNIPAM hydrogel was investigated, and the effects of copper foam pore size and thickness on the heat transfer characteristics
of the thermal diode were systematically examined. The results indicate that the incorporation of copper foam increases the
equivalent thermal conductivity of PNIPAM by approximately 9.8 times, while reducing its equivalent specific heat capacity by
29.8%. As a result, the thermal rectification performance of the diode is significantly improved, with a maximum temperature
difference of 37.5°C between the forward and reverse directions and a maximum instantaneous thermal rectification ratio of 25.

After 30 operating cycles, the thermal diode still exhibits good stability, indicating its potential for long-term passive thermal
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management of electronic devices. This study provides theoretical support and design guidance for the performance enhancement

of thermal diodes, and demonstrates the considerable potential of metal foams for improving thermal diode performance.
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Fig.5 Effect of different foamed copper pore sizes on the heat transfer characteristics of phase change thermal diodes
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Fig.6 Effect of different copper foam thicknesses on the heat transfer characteristics of phase change thermal diodes
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Fig.7 Cyclic experiment of phase-change thermal diode
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