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Abstract

Coalescence-induced droplet jumping (CID]) is a highly efficient passive droplet removal mechanism on super-
hydrophobic surfaces, which has important application prospects in fields such as condensation heat transfer,
self-cleaning, and anti-icing. However, there is still a lack of systematic analysis of the coalescence behavior
of mesoscale droplets in ridge structures and ridge lattice systems, especially the collaborative regulation of
the multi-droplet arrangement and the energy conversion mechanism. In this study, the three-dimensional
multi-relaxation time (MRT) pseudo-potential lattice Boltzmann method (D3Q19) was used to systematically
simulate the coalescence and jumping process of droplets on ridge and ridge lattice superhydrophobic surfaces,
and the influence of structural parameters, droplet arrangement, and size ratio on the dynamic behavior and
energy evolution path was analyzed. The results show that the ridge height the geometric key is parameter
governing the jumping performance. The high-ridge structure can effectively constrain the expansion of the
liquid bridge and improve the vertical momentum conversion efficiency. The ridge lattice system can increase
the jumping velocity by 10.1% when the dimensionless ridge height h* = 0.83. The symmetry of droplet ar-
rangement significantly affects the energy conversion efficiency. Asymmetric arrangement is prone to cause
horizontal oscillations, while the lattice structure can compensate for its kinetic energy loss, with an improve-
ment amplitude of 98.68% for V-shaped arranged droplets. This study extends the explanation of the CID]
phenomenon from single-ridge and two-droplet systems to ridge lattice and multi-droplet scenarios, clarifies
the regulatory mechanism of structural parameters, droplet arrangement, and size ratio on the jumping be-
havior, and provides a theoretical basis and technical support for the structural design of superhydrophobic
surfaces and the manipulation of mesoscale droplets.
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