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With the continuous increase in global energy consumption and the growing severity of thermal
environment problems, the development of efficient passive cooling technologies has become
increasingly important. Taking PDMS-based radiative cooling materials as the research object, this
paper collects optical constants of materials, solar spectral data, and atmospheric transmittance data.
Cubic spline interpolation and the transfer matrix method (TMM) are used to calculate the spectral
emissivity of films with different thicknesses. The results show that, within the atmospheric window
of 8-13 um, the emissivity of PDMS increases with film thickness and tends to become saturated
after 100 um, with an average emissivity of 0.936.0n this basis, a radiation—-convection coupled net
cooling power model is established, and the equilibrium temperature is solved by the Newton iteration
method, which quantitatively reveals the marginal effect of thickness on cooling performance. For
the optimization problem of multilayer film structures, where material selection is discrete and layer
thickness is continuous, a MIGA-TMM model combining the mixed—integer genetic algorithm and TMM
is constructed. Taking net cooling power as the fitness function, global optimization is carried out.
The optimized seven-layer PDMS/SiO:/TiO:/Ag structure achieves a net cooling power of 57.09 W/
m>. Sensitivity analysis shows that when the convective heat transfer coefficient fluctuates by + 50%,
the net cooling power changes by about 10%; when the ambient temperature changes by +5 K, the
equilibrium temperature changes by about 22%. Overall, the model shows good robustness.

radiative cooling; PDMS; transfer matrix method; Newton iteration method; mixed-integer
genetic algorithm
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Emissivity vs. Thickness
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Radiative Cooling Performance of Pure PDMS Films
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Optimized Multilayer Structure (Material Selection + Thickness)
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