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ABSTRACT 

A numerical formulation for direct simulations of multi-fluid flows including moving 
interface has been developed in our group. The fluid solver is a novel formulation that 
combines the underlying concept of the CIP method[1] and the finite volume method.   
The resulting fluid solver, so-called  VSIAM3  (Volume/Surface Integrated Average 
based Multi-Moment Method)[2], uses two integrated moments of a given physical field, 
i.e. the volume integrated average (VIA) and the surface integrated average (SIA), as 
the model variables that are updated  every time step. In the VSIAM3, the pressure-
velocity coupling is computed by a “M-grid” that is different from the conventional 
staggered grid or collocated grid, which then leads to a more robust and convenient 
numerical framework for simulating various flows and accommodate models for 
complex physics.  

We have recently improved the interface capturing scheme with the THINC/WLIC 
presented in [3,4]. The new scheme maintains the compactness of the transition layer in 
the VOF function while substantially improves the geometrical faithfulness of the 
transported interface. Another improvement of the code is to the numerical represent-
ation for the boundary of complex geometry. An immersed boundary method [5] is 
incorporated to the multi-moment finite volume model. The M-grid greatly  simplifies 
the modifications to the momentum equations to satisfy the kinetic conditions imposed 
on the boundaries of geometrical complexity.  
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