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performance based on the thermal rectification effect of phase
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Abstract: Solar energy resources are abundant in China, and the utilization of solar energy
for heat storage and power generation has become a major research focus in the field of
clean energy. In this study, a composite thermal diode composed of eicosane and
polyethylene glycol (PEG) was constructed. By exploiting the thermal rectification effect
arising from differences in their thermophysical properties, enhanced unidirectional heat
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transfer was achieved. This thermal rectification material was subsequently integrated into a
photothermal-thermoelectric power generation device. Through the thermal rectification effect,
both heat collection and thermal insulation performance were improved, thereby increasing
the temperature difference across the thermoelectric modules under the same external heat
input. As a result, the system is capable of capturing the same amount of external heat while
maintaining and enlarging the temperature gradient between the hot and cold ends of the
thermoelectric generator, leading to a significant improvement in power generation efficiency
and output under identical environmental conditions. Furthermore, the mechanism of the
thermal rectification effect in the eicosane-PEG composite system was analyzed, and
numerical simulations were conducted under different size ratios and temperature difference
conditions. The results indicate that under a temperature difference of 60°C , the optimal
thermal rectification coefficient reached 1.405 when the size ratio of eicosane to PEG was 5.
5. Under the same size ratio, the influence of temperature difference on the thermal
rectification effect was further examined. When the temperature difference increased to 90°C,
a maximum thermal rectification coefficient of 1.53 was achieved. For practical application of
the photothermal-thermoelectric power generation device, its power generation performance
was evaluated under both steady-state and unsteady-state heating conditions. Under steady-
state conditions, the incorporation of the thermal rectification material not only provided
effective thermal insulation for internal eicosane during heating and cooling but also enhanced
the overall power generation performance of the device. In a steady-state environment, the
group incorporating the composite thermal diode exhibited a 20.79% increase in total power
generation, with a maximum improvement in power generation efficiency of approximately
1.56 times. Under unsteady-state conditions, the average temperature of the internal eicosane
heat storage material increased by up to 18°C, resulting in a 12.5% increase in power
generation and a maximum enhancement in power generation efficiency of approximately
2.36 times.

Keywords: solar energy; phase change materials; thermal rectification; thermal diodes;

photothermal-thermoelectric power generation
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Fig. 1 (a) Schematic diagram of the thermal rectification effect test model and size ratio; (b) three-dimensional
structure diagram of the photothermal-thermoelectric power generation device; (c) two-dimensional schematic
diagram of the photothermal-thermoelectric power generation device; (d) schematic diagram of the principle of
the enhanced photothermal-thermoelectric power generation device with thermal rectification
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Fig. 2 (a) Comparison chart of test results of thermal rectification effect with experimental results;
(b) comparison chart of numerical results of photothermal-thermoelectric power generation device with
experimental results
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