
 
 

 

 

 

TITLE: 

o  Videos – CFD-DEM simulations: fluidisation of calcite-pellets in water 
 

SHORT DESCRIPTION: 

o Videos – CFD-DEM simulations fluidisation calcium carbonate granules (calcite-pellets 0.8-
0.9mm and 1.4-1.7mm) in water 

 

FORMAT: 

o  MP4 videos (details see below) 
 

CONTACT INFORMATION: 

o  Tim M.J. Nijssen - t.m.j.nijssen@tue.nl / 0000-0002-2574-8547 

o  Onno J.I. Kramer - TU Delft (CiTG, 3ME) o.j.i.kramer@tudelft.nl / 
onno.kramer@waternet.nl 0000-0002-4825-9869 

 

ORGANIZATIONS: 

o Eindhoven University of Technology, Department of Chemical Engineering & Chemistry, 
Multiphase Reactors Group 

o Delft University of Technology, Faculty of Civil Engineering and Geosciences, Department 
of Water Management  

o Delft University of Technology, Faculty of Mechanical, Maritime and Materials Engineering, 
Department of Process and Energy 

o Waternet, Amsterdam (funder) 

o HU University of Applied Sciences Utrecht, Institute for Life Science and Chemistry 

o Queen Mary University of London, Division of Chemical Engineering, School of 
Engineering and Materials Science 

 
SUBJECT: 

o Hydraulic modelling of multiphase flow systems 
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METHODOLOGICAL INFORMATION: 

o CFDEMcoupling framework, relying on LIGGGHTS and OpenFOAM. 

o The simulations in this work were conducted using the model described in detail by (Nijssen et al., 



2020). This model couples Computational Fluid Dynamics (CFD) and the Discrete Element 

Method (DEM), allowing for simultaneous description of the water phase and the suspended 

particles. This work employs the unresolved CFD-DEM methodology, which resolves the fluid 

flow at a length scale larger than the particles. This allows for the simulation of a large number of 

particles (⪅ 106) but requires interaction models to evaluate the force exerted by the fluid on the 

particles and vice versa. The model by Nijssen et al. is especially suited for simulation of LSF 

beds as it includes closures for the drag, lift, as well as virtual mass and Basset forces. The 

addition of the Basset force is a significant improvement over the classical drag-only CFD-DEM 

approach, which is more suited for gas-solid systems (Nijssen et al., 2020). For a complete 

description of the model, the reader is referred to the original work. The parameters and settings 

used in the simulations are summarised in Table 1. The fluid properties are taken at 20 °C. 
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ADDITIONAL TECHNICAL INFORMATION: 

o Videos include outside views of the reactor representing each particle by its 

diameter, as well as cross-sectional view of the local voidage. 

o Particle size distributions are Gaussian distributions: 

• Fraction A: 〈dp〉 = 0.9 mm, σp = 0.08 mm 

• fraction_A_particles.mp4 

• Fraction B: 〈dp〉 = 1.55 mm, σp = 0.16 mm 

• fraction_B_particles.mp4 

o The superficial liquid velocities used are: 

• Fraction A:  30 mm/s 

• fraction_A_voidage.mp4 

• Fraction B: 15, 30, 61, 87, 142 mm/s 

• fraction_B_voidage.mp4 

  



o Remaining simulation settings are given in the table below. 

 
Variable Symbol Value Unit 

Column diameter 𝐷 0.057 [m] 

Column length 𝐻 2.0 [m] 

CFD cell size ∆𝑥 4.65 [mm] 

CFD time step ∆𝑡𝐶𝐹𝐷  10-3 [s] 

DEM time step ∆𝑡𝐷𝐸𝑀  10-5 [s] 

Fluid density 𝜌𝑓 998.20 [kg/m3] 

Fluid dynamic viscosity 𝜂𝑓 1.005∙10-3 [Pa s] 

Gravitational acceleration 𝑔 9.81 [m/s2] 

Particle density 𝜌𝑝 2575 [kg/m3] 

Total particle mass 𝑚𝑝 0.87 [kg] 

Particle Young’s modulus 𝑌𝑝 5.0 [MPa] 

Particle Poisson ratio 𝜈𝑝 0.45 [-] 

Particle coefficient of restitution 𝑒𝑝 0.3 [-] 

Particle coefficient of friction 𝜇𝑝 0.05 [-] 
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