
Simulation of multiphaSe SyStemS  
in extraction proceSSeS of Snf reproceSSing

U. F. Altynnikova1, A. A. Bochkareva1, D. A. Mastyuk1, 2, D. F. Ganeeva1, 
E. E. Pigasov1, 2, I. R. Makeeva1, 2

1FSUE «RFNC – VNIITF named after Academ. E. I. Zababakhin», Snezhinsk, Russia 
2FSAEI HE «South Ural State University (National Research University)», Chelyabinsk, Russia

E-mail: altynnikovauf@vniitf.ru

The development of process equipment in various industries involves generating of digital twins. Digital 
twins make it possible to choose the most preferred solutions for equipment development, as well as to 
significantly reduce the cost of prototyping and bench testing. To generate a digital twin, it is necessary to 
choose a set of models that reliably describe the processes in the device being developed. 

The existing flowsheets for spent nuclear fuel reprocessing are based on extraction processes. Extraction 
is a procedure of separating liquid or solid substances in a mixture using selective solvents (extractants).  
A centrifugal extractor is divided into two zones: a mixing chamber, in which two phases come into contact for 
the transition of a key component, and a separation chamber in which the phases are separated by centrifugal 
force. The 3D hydrodynamic simulation of the processes occurring in the extractor (mass transfer between 
phases, phase separation, distribution of undissolved sediment, and formation of a gas phase) is of interest 
for a preliminary assessment and selection of the most preferred technological solutions. 

There are various approaches to describe a flow of a multicomponent or multiphase mixture. The 
industrial applications often utilize the Volume of Fluid (VOF) methods [1]. In the VOF method, only 
one set of equations of motion, energy, and turbulence is solved, while a special equation (similar to the 
continuity equation) is introduced to track the position of the phase boundary. The values of the parameters 
characterizing the phase properties (density, viscosity, thermal conductivity, etc.) when passing through the 
phase interface, “switch” so that each point of space would correspond to the phase existing at that point [1]. 
The finite volume method is the most suitable method for approximating the terms of the general system of 
equations of motion in hydrodynamic calculations [2]. 

This approach is implemented in the interFoam [3] and multiPhaseEulerFoam [4] solvers of the free 
OpenFOAM software package [5]. These are the two solvers selected for the simulation. To solve the system 
of equations of motion, the splitting method implemented in the PIMPLE algorithm is used. The method 
is based on splitting the effects of various terms on the change in momentum in the computational grid [6].

To describe the process of mass transfer of a chemical component, the standard solver has been modified 
using the method described in [7]. The method is based on the introduction of the VOF method (an additional 
equation that describes the mass transfer of the component) into the system of equations.

The paper presents the models of hydrodynamic and mass transfer processes that make it possible to 
simulate phase mixing, mass transfer across the interface, and phase separation induced by the centrifugal 
force. The proposed models can be used to build a system of computer models to generate a digital twin of 
a centrifugal extractor. 
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