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ABSTRACT 

One of the advantages of particle methods is to capture the complex motion of the dynamic fluid flow. 

Surface tension is to be considered to capture fluid motion in microstructures or droplet break up 

behaviours. When the surface tension model is obtained by discretising the CSF (continuum surface 

force) model [1], complex formulation to estimate normal vector and curvature of the surface is needed. 

On the other hand, It is reported that surface tension can be calculated by introducing pairwise potential 

force [2, 3], which is long-range attractive and short range repulsive. The formulation for the pairwise 

potential is simpler than the models based on CSF, and it can stably and easily be applied in particle 

methods. However, the potential force acts not only on the surface of the fluid but also acts inside the 

fluid bulk. It results in unrealistic pressure increase or in the droplet or shrinkage of the droplet. Another 

disadvantage of the pairwise potential model is that the force acting on the particles tend to be large, 

which demands smaller time steps for stable calculation.  

 

In this study, a new surface tension model for particle methods are developed. A many-body potential 

force is introduced instead of the pairwise potential force. The many-body potential force acts mainly 

on the particles near the surface, and only the small force acts on the particles inside the fluid bulk. 

Figure 1 shows the area where the potential force is acting. A droplet is calculated to confirm the 

potential of the many-body potential model and compared with the results obtained using the pairwise 

potential model. 

 
Figure 1 Area where the potential force is acting 
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