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Abstract

Thermal radiation boasts extensive applications across diverse fields. As technology advances in-
cessantly and practical application demands keep escalating, more rigorous criteria have been im-
posed on the regulation of thermal radiation performance. Endowed with unique functional char-
acteristics, micro-nano structures are widely employed in the regulation of thermal radiation per-
formance. In contrast to conventional material optimization strategies, the utilization of micro-nano
structures for regulating thermal radiation performance has manifested irreplaceable advantages
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and tremendous potential. This paper reviews the research progress concerning thermal radiation-
related theories based on micro-nano structures and the regulation of thermal radiation perfor-
mance using such structures. Firstly, it briefly elucidates several typical mechanisms through which
micro-nano structures affect thermal radiation performance; Secondly, it enumerates relevant re-
search achievements in recent years from three dimensions: nanostructures, microstructures, and
micro-nano composite structures; Finally, it summarizes the existing issues in the research field of
regulating thermal radiation performance via micro-nano structures and presents prospects in light
of practical application scenarios.
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Figure 1. Multiple reflections of incident light by micron-scale structures [15]
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Figure 2. Schematic diagram of the classification of physical mechanisms for
the interaction between photons and surfaces with different scale structures
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Figure 3. Thermal radiation properties of nanostructured surfaces
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Figure 4. Thermal radiation performance of specially designed nanostructured surfaces
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Figure 5. Thermal radiation performance of micron-structured surfaces
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Figure 6. Thermal radiation performance of micro-nano composite structure surfaces without structural design
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Figure 7. Thermal radiation performance of designed micro-nano composite structure surfaces
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