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The wetting of a solid surface by a liquid is of crucial importance in many technical 

applications, such as coating, lubrication, ink-jet printing, oil recovery from porous rock, and 

reacting two-phase flows in chemical sponge reactors, etc. For the Direct Numerical 

Simulation (DNS) of such processes, it is vital that the numerical model for motion of the 

three-phase contact line is both accurate and stable. Classical continuum sharp interface 

models suffer from the well-known contact line paradox, that is a non-integrable shear-stress 

singularity for moving contact lines at a no-slip solid wall. Within the framework of diffuse 

interface models, however, the interface is treated as a region of finite thickness, hence, being 

a promising approach to resolve this paradox [1] and potentially resulting with a numerically 

accurate and stable DNS method for wetting processes. 

In this work, we have implemented different phase field methods, based on the well-known 

Cahn-Hilliard and Allen-Cahn diffuse interface models, in OpenFOAM
®
. This has been 

achieved by coupling respective phase field transport equations for interface evolution with 

the Navier-Stokes equations for two-phase flow. Due to usually high density ratios, small 

numerical errors in the order parameter in general results in large mass errors. Consequently, 

an accurate and conservative numerical implementation is crucial for robustness of the two-

phase algorithm (i.e. its stability and convergence). Thus, special care has been devoted to 

discretization and equation coupling, resulting with a novel, accurate and robust OpenFOAM 

model library for phase field methods.  
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The wettability of the solid substrate so far is incorporated via a Neumann boundary condition 

for the order parameter, which takes into account the equilibrium contact angle. The method 

was validated against various test problems by comparison with analytical and experimental 

data. It is shown to accurately predict wetting and spreading process on 2D static grids, if the 

interface region is resolved by at least four mesh cells [2].  

A key element to achieve CPU-time efficient simulations (especially in 3D) is the use of local 

dynamic adaptive mesh refinement (AMR), allowing to provide significantly higher mesh 

densities where it is most needed – at the interface. To demonstrate the capabilities of our 

method, we consider the spreading of a droplet on a flat solid substrate and present the first 

3D phase-field simulations with AMR achieved with OpenFOAM
®
 so far (see Fig. 1). 

 

Fig.1: Simulation of the spreading of a 1mm droplet (one quarter geometry, initial contact 

angle initial = 90°, equilibrium contact angle eq = 75°) on an adaptive-mesh: a) initial state, b) 

equilibrium state. 
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