
A tutorial for multi-phase flow simulation: Conservative Allen-Cahn phase-field
fluid model of multi-phase fluid mixing in a tilted channel

This tutorial aims to introduce a simple and practical numerical framework for
multi-phase incompressible and immiscible fluid simulation. The physical problem
raised in this tutorial is N-component (N>=3) fluid mixing in a tilted channel. The
mathematical model for capturing multi-phase fluid interfaces is the N-component
conservative Allen-Cahn (CAC) equation, the fluid dynamics is governed by the
incompressible Navier-Stokes equations.

The multi-component CAC equation is solved with a temporally first-order accurate
semi-implicit operator splitting method. The incompressible Navier-Stokes equations
with variable density and viscosity ratios are solved with a temporally first-order
accurate pressure projection method. The governing equations are discretized in
space with standard finite difference method. We describe the mathematical models
and numerical implementations in details. The C (for computation) and Matlab (for
post-treatment) codes of a four-component case are provided.

*It is worth noting that the model and algorithm described in this tutorial can be
modified to simulate various multi-phase incompressible and immiscible fluids. The
interested readers can modify this basic code according to their research
requirements.

The numerical results are posted here:



Governing equations:

Fig. (1)





Numerical method:

Fig 2. MAC grid







Note: Although the surface tension is absent in present simulation, we still provide the
multi-component surface tension formulation is provided. For some details of multi-component
continuous surface tension model, please refer to

The multi-component surface tension is defined as:

* It is worth noting that the surface tension is necessary if you want to simulate droplets.
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For some details of linear multigrid algorithm please refer to



The implementations of linear multigrid are as follows:






