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Figure 1 The schematic diagram of (a) the working principle and (b) the cycle of a thermocapacitive heat engine.
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Figure 4 (Color online) Variation of the P,, (a), #, (b), 71y (¢), Toy (d) for different regenerative time constant and ratio of charge.
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Figure 6 (Color online) Variation of the P, (a), #, (b), Tin (¢), Ton (d) for different electrolyte concentration and ratio of charge.
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Optimization of irreversible capacitive thermoelectric conversion
device performance

LIN BiHong & HUANG ZhiFu

College of Information Science and Engineering, Huagiao University, Xiamen 361021, China

Based on the super-capacitor Guy-Chapman-Stern (CGS) electric double-layer model, an updated cyclic model of an irreversible
capacitive thermoelectric conversion device is established in which certain irreversible losses are considered. Applying the
thermodynamics theory and energy balance equation of the system, expressions for the regeneration, output power, and energy
efficiency of the thermo-capacitive cycle are derived. Through numerical calculation, the general performance characteristics of the
cycle are revealed, and the influence of important performance parameters such as cyclic charge ratio, charging cut-off voltage,
regenerative process duration, double-layer distance, and electrolyte concentration on the optimal performance of the thermo-
capacitive thermoelectric conversion system is analyzed. For the given parameters, the optimized cyclic charge ratio, double-layer
distance, and temperatures during charging and discharging at the maximum output power of the system are determined, and the
optimized ranges of important performance parameters of the cycle are given. The results show that in addition to the temperature and
the charge ratio of the circulation, the CGS model can be used to optimize the pore diameter of the porous electrode of the capacitor to
obtain the optimal performance of the circulation. When the charging endpoint voltage of the cycle is 2 V, the maximum power
density is above 4.9 kW/m” and corresponding efficiency can reach 18.5%. The results presented in this paper provide a theoretical
basis for the optimal design and operation of actual thermo-capacitive thermoelectric conversion devices.

super-capacitor, electrostatic potential, capacitive thermoelectric conversion, finite time thermodynamics,
performance characteristic, optimum analysis
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