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The particle shifting method and the surface tension model of the free surface particles are enhanced for the MPS 
method. Various droplet simulations with oscillation deformation, topological changes, and contact angles were 
performed to verify the developed method.  
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1. Introduction 

The corium jet may take place from the cracked reactor pressure vessel in a postulated severe accident. The 
corium jet may result in the atomization process, where the effect of surface tension is dominant. Developing a 
numerical method for free surface flow with strong surface tension or the droplet flow is of great significance to 
nuclear engineering and other engineering fields. The purpose of this study is to develop an accurate and stable 
particle method for simulating the droplet flow with the topological changes of free surfaces in both 2D and 3D.  
2. Numerical methods  

The developed particle method is based on the moving particle semi-implicit (MPS) method. The 
consistent discretization models in Ref. [1] is employed to enhance the accuracy. The advanced detection conditions 
for free surface particles based on error accumulation analysis in Ref. [2] is adopted to guarantee the stability at free 
surface. Based on the approach in Ref. [3], the surface tension is converted to a pressure boundary condition at free 
surface. To reduce the fluctuations due to the detected free-surface particles, a new particle shifting approach in the 
direction of surface normal is proposed in this study. The basic idea is to shift a free surface particle to the 
reconstructed free surface based on curve fitting. Meanwhile, the approach to specify an imaginary free-surface 
particle at the wall boundary is developed to consider the contact angle.  
3. Simulations and discussion 

First, the droplet-oscillation cases in 2D and 3D is simulated to verify the developed method. Second, the 
improvement of the surface normal particle shifting is demonstrated by the large deformation of squared droplet. The 
contact angle model is verified by the equilibrium droplet shapes on a flat wall in 2D and 3D. Finally, the capability 
of developed method for the topological changes of free surfaces is demonstrated by the droplet coalescence and 
droplet breakup from a faucet in 3D.  
4. Conclusion 

An advanced MPS method is developed to simulate the droplet flow by proposing a new approach of 
surface normal particle shifting to reduce surface fluctuations and a new contact-angle model for surface tension. 
Various droplet simulations verified the developed method and demonstrated the improvements of the surface normal 
particle shifting and the contact angle model. The developed method is capable to simulate the topological changes of 
free surfaces.  
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