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Violent Sloshing Flow
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Shanghai Jiao Tong University, Collaborative Innovation Center for Advanced Ship and Deep-Sea
Exploration, Shanghai, China)

Abstract:  As the increasing demands of deep-sea oil and gas resources, more and more advanced ships (eg.
the liquid natural gas ship, floating production storage and offloading system, etc.) are manufactured. The
sloshing phenomenon in these liquid carriers will take place and decrease the stability or even damage the
containment structures of ships which sailing on rough sea. To numerically study this violent phenomenon, an
in-house particle solver MLParticle-SJTU is developed based on the improved moving particle semi-implicit
(MPS) method. In this solver, the non-singularity kernel function, the mixed source term for pressure Poisson
equation and the accuracy detection method for free surface particles based on the asymmetric distribution of
neighbor particles are employed to suppress the pressure oscillation of original MPS method. To investigate the
structural deformation due to the sloshing impact loads, the solver MLParticle-SJTU is expanded with the



structural analysis module based on the finite element method. In this paper, the capability of present solver for
sloshing problem is validated firstly by the simulation of benchmark test. Then, suppressing effects of rigid
baffles to movement of the sloshing flow and sloshing phenomenon in an anti-rolling tank are numerically
investigated by the solver. Besides, the feasibility of the solver is also presented by the simulation of the
interaction between the sloshing flow and the responses of tank walls.

Key words:  MLParticle-SITU Solver, Sloshing, Mesh-less Particle Method, Moving Particle
Semi-implicit (MPS), Finite Element Method (FEM), Fluid Structure Interaction (FSI)
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