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Abstract: Solar-powered distillation is a key technology for distributed low-carbon freshwater
supply. However, the inherent contradiction between the low energy density of solar power and
the high evaporation enthalpy of water, combined with limited regulation methods in passive
distillation processes, results in constrained heat and mass transfer, leading to bottlenecks such
as high system heat loss and poor salt resistance. This presentation will introduce our
exploration in enhancing the energy efficiency and salt tolerance of solar distillation through
the regulation of heat and mass transfer, including the following aspects: revealing the
synergistic mechanism of vapor—condensation gap distance on vapor diffusion and ineffective
conductive heat transfer through the air layer under low heat flux conditions, which led to a
100% improvement in distillation efficiency through optimization; elucidating the mechanism
by which temperature and concentration gradients in confined saline thin layers enhance
natural convection, significantly improving the salt tolerance of the distillation process through
intensified thermal-saline convection and reducing water production costs by an order of
magnitude; proposing a hierarchical porous self-assembly strategy coupled with crystal
crawling and weathering, which achieves a balance between passive solution transport, rapid
vapor diffusion, and stable heat transfer by constructing a hierarchical porous salt-crystal
evaporator, enabling a breakthrough in stable and efficient salt crystallization.
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