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Abstract

Photothermal regulation devices effectively manage the surface or internal temperature of devic-
es by regulating their optical performances, thereby improving energy utilization efficiency. Intel-
ligent thermal regulation devices and thermochromic smart windows are the most common pho-
tothermal regulation devices. These devices play an important role in fields such as spacecraft,
buildings and automobiles, providing effective solutions for energy conservation, emission reduc-
tion, and improved comfort. Based on this, this article reviews the recent research progress of
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photothermal regulation devices in the fields of spacecraft thermal control and smart windows in
recent years, summarizes the challenges faced by current research, and looks forward to the po-
tential applications of photothermal regulation devices in the future, aiming to provide reference
and inspiration for related research and technological development.
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Figure 1. (a) Schematic diagram of the fabrication process for DBSA doped-PANI porous film and electrochromic device,
the evolution of emissivity in the wavelength ranges of 3~5 pm, 8~12 pm and 2.5~25 pum versus applied voltage [32]; (b)
Transmittance and emissivity spectra of TDIE regulators at various applied voltages, schematic diagram of the TDIE regula-
tor structure [34]
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REE[34]
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Figure 2. (a) Schematic diagram of the thermal modulation systems, experimental and theoretical emissivity spectra [35]; (b)
Schematic diagram of the radiative cooler structure, the influence of stretching and shrinking on the emissivity spectra at
high and low temperatures [36]
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Figure 3. (a) Schematic diagram of intelligent thermal control emitter structure, absorbance spectra at high and low temper-
atures [45]; (b) Schematic diagram of superposed F-P composite film structure based on VO,, emissivity spectra at high and
low temperatures of composite films with thicknesses lo = 1.5 pm, 1; =1, = 10 nm, and I3 = 30 nm [46]
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Figure 4. (a) Schematic diagram of tunable absorbers structure, absorbance spectra at high and low temperatures [47]; (b)
Schematic diagram of dynamic thermal regulators, absorbance spectra at high and low temperatures [48]
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Figure 5. (a) Transmittance spectra of HEW, V.0, film and pure VO, film, the near-infrared modulation ability of
Hf,W,V,,,0, film [49]; (b) Schematic diagram of Cu;S,/VO, composite film, infrared thermal images at different concen-
trations of Cu;S, [50]
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Figure 6. (a) Changes in the structure of VO,/IL-Ni-Cl composite films, color changes at different temperatures, and trans-
mittance spectra at 20°C and 80°C [51]; (b) Schematic diagram of a novel switchable cold/warm-tone VO,-based smart win-
dow composite films, color range before and after phase transition [52]
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Figure 7. (a) Schematic diagram of VO,/AR thermochromic composite films, optical properties of VO,/H,O composite
films and pure VO, films [53]; (b) Schematic diagram of the APPs smart window, transmittance spectra at high and low
temperatures [54]
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high and low temperatures [55]; (b) Schematic diagram of interwoven surface structure, transmittance and emissivity spectra
at high and low temperatures [56]
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