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Abstract The investigation into the evolution law of the surrounding flow field and the response mechanisms
of the hydrodynamic characteristics of the vehicle during cross-medium navigation is of significant importance for
optimizing vehicle design, enhancing navigational efficiency, and extending service life. Utilizing a quadtree data
structure in conjunction with adaptive mesh refinement and coarsening based on hole boundaries and volume of fluid
(VOF) gradient, the adaptive Cartesian grid employed in this study addresses the issue of excessive mesh count in
overlapping grid methods. The verification results show that, under equivalent mesh scale and computational
configuration, the adaptive mesh technology achieves a reduction of 64.59% in computational time. As for the
numerical simulation of vehicle water exit at different initial velocities, the overlapping grid method is used to
discretize the computing domain with moving parts, and the VOF multiphase flow model is adopted to solve the fluid
volume fraction equation. The finite volume method (FVM) is utilized for spatial and temporal discretization of the
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governing equations. The turbulence model, Realizable k-¢, is employed for solving the turbulence equations. The
numerical results indicate that the free-surface effect and wake entrainment/shedding significantly influence vehicle
water exit. As the initial navigational velocity increases, the hydrodynamic forces acting on the vehicle intensify,

resulting in a nonlinear decrease in vehicle velocity.
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