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In many circumstances, violent fluid motions such as wave impacts on coastal/offshore 
structures generate air entrapment. The entrapped air may affect the amplitude and duration of 
impact pressure because of the air cushion effect. Substantial efforts have been devoted to this 
problem, but it is still not well understood. Simulation of this problem also remains a challenge. 
Particle methods offer a flexible alternative to mesh-based methods when simulating highly 
deformed water waves because of their meshless nature. In addition, by adopting a Lagrangian form 
of governing equation, particle methods can avoid the numerical dissipation induced by the 
discretization of the convection term in the governing equation. 

Both the Smoothed Particle Hydrodynamics (SPH) and the Moving Particle Semi-implicit (MPS) 
are well-known particle methods, which use a kernel or weighting function to approximate the 
spatial derivatives by taking a weighted average based on particles within a given domain of 
influence. This strategy, however, can generate some numerical errors especially when the particle 
distribution is irregular (inevitable in violent fluid motion cases). To address this issue, substantial 
efforts have been devoted towards developing higher-order computation schemes or developing 
correction terms to improve the accuracy. Recently, a mathematically rigorous scheme based on 
Taylor series expansion was proposed to compute the gradient and Laplacian operators. This scheme 
was implemented into the framework of the incompressible SPH (or MPS). Because of the 
computation of the derivative satisfies the numerical consistency and is fundamentally different 
from that in SPH and MPS, this method was named the Consistent Particle Method (CPM). 

In this paper, the key ideas of CPM and its performance in modelling two-dimensional wave 
impact problems with air entrapment are presented. The novelty of this method lies in three aspects: 
(1) accurate computation of Laplacian and gradient operators based on Taylor series expansion, (2) a 
thermodynamics-based compressible solver for modelling compressible air that eliminates the need 
of determining artificial sound speed, and (3) seamless coupling of the compressible air solver and 
incompressible water solver. The performance of the two-phase flow model is demonstrated by the 
benchmark example of dam break and an experimental study of sloshing impact with an entrapped 
air pocket. The results show that CPM is able to capture the violent two-phase flow motions, 
particularly in predicting the violent wave impact pressure. The air cushion effect during a violent 
wave impact process characterized by pressure oscillation can be accurately reproduced. The air 
cushion effect during a violent wave impact process characterized by pressure oscillation can be 
accurately reproduced. 
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