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Fig. 1. Schematic of the fan-shaped energy harvesting struc-

ture.
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Fig. 2. Control of the heat flow by alternately arranging the
AlSi10Mg and resin.
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Fig. 3. Temperature gradients of energy harvesting struc-
tures respectively using stainless steel or AlISilOMg sub-

strate.
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Fig. 4. Temperature and heat flow distribution of single stainless steel structure and energy harvesting structure: (a) Stainless steel

structure; (b) energy harvesting structure.
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Fig. 5. The power generation of thermoelectric generators placed in a single stainless steel or energy harvesting structure: (a) Stain-

less steel structure; (b) energy harvesting structure.

(2)

Jats

K6 R IR A e AR TR RE Hek Wi 42 45 MR 5 AU 0 A 1

(b)

N | |2

(a) TR IE 2R AR (b) RECE IR 2K

Fig. 6. Temperature and heat flow distribution of the energy harvesting structure before and after placing the thermoelectric genera-

tor: (a) With thermoelectric generator; (b) without thermoelectric generator.
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Fig. 7. Schematic of common thermoelectric genetators.
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Table 2. Thermoelectric simulation results of thermoelec-

tric generators with different thicknesses.
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Fig. 8. 3D model diagram of the energy harvesting structure:
(a) Stainless steel substrate; (b) resin sectors; (c) AlSil0Mg
sectors.
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Fig. 9. Model diagram of the energy harvesting structure
with the thermoelectric generator.
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Fig. 10. Experimental test system for energy harvesting structure.
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Fig. 11. Experimental test system for single stainless steel

structure.
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— R

Fig. 12. Test results by the infrared thermal imager: (a) En-
ergy harvesting structure; (b) stainless steel structure.
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Table 3. Power generation of the thermoelectric

generator placed in the energy harvesting structure.

MRS BRKEHE/mW SEHR R LR/ mW
1 9.91 8.57
2 8.97 7.99
3 9.63 8.31
FEE 9.50 8.29

T4 B RGP R R R R
Table 4. Power generation of the thermoelectric

generator placed in the single stainless steel struc-

ture.
Wilys BERAHE/mW SRt K LA /mW
1 5.07 2.45
2 5.33 2.88
3 5.26 2.23
I 5.22 2.52
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Energy harvesting and thermoelectric conversion
characteristics based on thermal metamaterials’
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Abstract

Considering the limitations of thermoelectric generators, the integration of thermoelectric generator with
two-dimensional fan-shaped thermal metamaterial energy harvesting device is proposed to improve the thermal-
to-electrical energy conversion efficiency of thermoelectric generator (TEG) by regulating the thermal field.
Based on the COMSOL Multiphysics software simulation, the influences of different materials on the
performances of energy harvesting devices in thermal field regulation are investigated. The performances of the
selected materials are simulated , indicating that the energy harvesting device can effectively regulate heat flow,
the temperature gradient in the center of it is increased by eight times compared with the natural material
under the same simulation conditions. The generated electrical energy of thermoelectric generators of different
sizes is studied, then three-dimensional modeling and processing of the energy harvesting device are completed
by carefully considering the processing accuracy and testing difficulty. The experimental test system is set up to
observe the temperature distribution of the energy harvesting device equipped with an infrared thermal imager,
The test results demonstrate that the energy harvesting device can effectively regulate the thermal field. In
comparison with the natural material, the working efficiency of the thermoelectric generators can be increased
by 3.2 times under the same experimental condition, which has specific practical significance for promoting the
rapid development of thermoelectric power generation technology.

Keywords: thermoelectric generator, thermal metamaterials, thermal field regulation, heat energy harvesting
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