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Abstract: Low-altitude aircraft, including electric vertical take-off and landing ( eVTOL) and long-endurance unmanned
aerial vehicles, face significant thermal management challenges in complex flight environments. They must not only cope
with instantaneous high heat loads from core components (e. g. , batteries and motors) , with peak heat flux densities reac-
hing 200~ 500 W/m?, but also adapt to extreme conditions such as wide temperature (=40 to 60 °C) cycles and intense so-
lar radiation ( <1000 W/m”), while adhering to strict lightweight and low-energy-consumption requirements. This paper
proposes a dual-mode thermal management technology that organically integrates the heat storage and buffering properties of
composite phase change materials (PCMs) with the passive heat dissipation advantages of radiative cooling. During high-
heat-load phases, high-latent-heat PCMs rapidly absorb transient heat. During low-temperature steady phases, radiative
cooling coatings dissipate heat to the environment without energy consumption. In applications, this technology is expected to
mitigate the risk of thermal runaway in eVTOL power batteries during vertical take-off and landing ( while extending battery cy-
cle life) and overcome the bottleneck of reduced heat dissipation efficiency caused by thin high-altitude atmospheres for long-
endurance unmanned aerial vehicles. It provides an innovative,
lightweight, low-energy-consuming and widely adaptable thermal
management solution for low-altitude aircraft, which is of great
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Fig. 1 Schematic diagram of heat absorption/release of phase change materials (a) and their applications in thermal management inside aircraft

cabins (b), heat dissipation and temperature control of lithium batteries (¢), and thermal management of electronic components (d)
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Fig. 2 Schematic diagram of pressure-induced preparation of GF/C28 (a) ; comparison of melt enthalpy, crystallization enthalpy and rela-
tive enthalpy efficiency between C28 and GF/C28 (b) ; comparison of radial thermal conductivity of GF with different porosity before

and after compounding (c) (4]
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Ideal external transmittance, reflectance and emissivity spectra of transparent radiative cooling (a) ; absorption rate, reflectance and

light transmittance of both the inner and outer surfaces of PDMS/NIR/glass (b) L16]
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Fig. 4 Schematic diagram of the h-BN/PVA composite film used for electronic devices (a) ; photo (b) and infrared thermal image (c¢) of LED bill-

boards attached with PVA film and Bio-h-BN/PVA composite film under direct sunlight; photos of mobile devices adhering Bio-h-BN/PVA
composite films (d) ; the temperature curves of the exposed moving device and the moving device adhering to the Bio-h-BN/PVA composite

film measured while running the same program (e) ; temperature curves measured during outdoor experiments (f) L7l
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