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ABSTRACT 

A two-phase Eulerian-Eulerian volume-averaged approach has been developed to model the 

macroscopic transport and grain growth of equiaxed crystals. The liquid and solid phases are treated 

as highly coupled interpenetrating continua for which mass, momentum, species and enthalpy 

conservation equations are solved. Interaction between liquid and solid phase is taken into account by 

including exchange terms for mass transfer (solidification and melting), drag and solute redistribution 

in the conservation equations. As the liquid-solid mixture approaches a fully solid state, the material 

density of the crystals is expected to increase, and, thus, domain shrinkage is also considered in the 

present work. 

Furthermore, a comprehensive mathematical formulation has been developed in order to account for 

the entire spectrum of solid fractions. As a consequence, two distinct approaches were coupled 

together. In the regime where the volume fraction of the solid phase is smaller than a predefined 

threshold (called coherency limit), the crystals are assumed to move freely – although still interacting 

with the melt – and their motion is mainly determined by using an effective viscosity for the liquid-

solid mixture. On the other hand, at solid fractions above the coherency limit, the crystals form a 

coherent structure which behaves as a viscoplastic material and strongly interacts with the melt. A 

number of numerical steps have been taken to ensure a smooth transition between the two regimes. 

As a result, values for the coherency and packing limits were proposed.  

The numerical results are obtained with a multiphase solver which has been developed in our 

research group under the open-source CFD package OpenFOAM®. A simple scenario has been 

replicated in the simulations. The analysis of the results is expected to give more insight into the 

physics of the flows under consideration and should also promote a better understanding of the 

outcome from the influencing parameters. Encouraging results were obtained as the synergy between 

the two solid phase regimes were evident and the simulation provided physically intelligible 

numerical predictions.  


