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Fig. 1. The structure and band diagrams of the GTEC: (a) Structure; (b) band.
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Fig. 3. The curves cathode’s operating temperature 77 and anode’s operating temperature 75 and power density P and efficiency

n varying with the voltage V', where d = 1.5um: (a)Thand Ty; (b) Pand 7.
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Fig. 4. The curves (a) the maximum power density Pnax and efficiency 7max and (b) the optimum operating voltages Vp and V;,

and the optimum ratios (qnr/qu)p and (gqnr/gqu), varying with the vacuum gap d .
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Abstract

In recent years, researchers have proposed a model of graphene thermionic energy converter (GTEC) for
the utilization of high-grade thermal energy, which is used to extensively study the physical mechanism and
parametric optimization. However, the influences of space charge accumulation and near-field radiative effects
on the GTEC’s energy conversion performance are rarely reported. In the present work, the theories of
thermionic emission, Langmuir space charge, non-equilibrium thermodynamics, and fluctuating electrodynamics
are used to construct an improved model, in which the coupling effects of thermionic transport, near-field
radiative heat transfer, and Newton heat transfer are considered. Firstly, the dependence of additional potential
barrier, current density, power density, efficiency, and heat flows on the voltage and the vacuum gap are
analyzed by neglecting the Newton heat transfer. The results show that the vacuum gap has a significant
influence on the power density, while it has a negligible effect on the efficiency, the optimal power density and
efficiency can be obtained at two different voltages. Secondly, the variations of power density and efficiency
with voltage are analyzed on condition that the electrodes’ temperatures are restricted by the energy balance
equation. It is found that Newton heat transfer has a significant influence on the power density, while it has a
negligible effect on the conversion efficiency; the anode’s temperature at the optimal power density is higher
than the ambient temperature, and the temperature at the optimal efficiency is close to the ambient
temperature; the optimal regions of voltage, vacuum gap, and anode’s temperature are determined by
considering the trade-off between power density and efficiency. The results obtained in this work can provide a

theoretical basis for the development of practical devices.

Keywords: graphene, thermionic transport, near-field heat transport, work function, Langmuir space charge

theory
PACS: 79.40.+z, 85.80.Fi, 84.30.Jc, 65.80.Ck DOI: 10.7498/aps.70.20211110

* Project supported by the National Natural Science Foundation of China (Grant No. 12004327), the Chongqing Research
Program of Basic Research and Frontier Technology, China (Grant No. cstc2020jcyj-msxmX0001), the Science and
Technology Research Program of Chongqing Municipal Education Commission, China (Grant No. KJQN201901144), and the
Scientific Research Foundation of Chongqing University of Technology, China (Grant No. 2019Z2D22).

1 Corresponding author. E-mail: yzm@yau.edu.cn

1 Corresponding author. E-mail: bhlin@hqu.edu.cn

227901-9


http://doi.org/10.7498/aps.70.20211110
http://doi.org/10.7498/aps.70.20211110
mailto:yzm@yau.edu.cn
mailto:yzm@yau.edu.cn
mailto:bhlin@hqu.edu.cn
mailto:bhlin@hqu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

