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•Process equipment behaviour - multiscale multiphase interactions 

•Ideal - general solution turbulent Navier-Stokes equations + unifying 

theory for granular flow

•Advances in CFD and CGD are essential

•Coupled CFD and CGD often computationally intensive - trade-off 

between accuracy and efficiency

•Broader research aims:

•improve the understanding of the physics of such flows

Introduction
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•provide accurate and computationally efficient models for design 

optimisation of mineral processing processes and equipment

•Hydrocyclones used as the exemplar 

Introduction
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•Separate solid particles by size 

•Simple geometry –Figure [1]

•Complex flow structures consist of:

•highly swirling turbulent flows

•flow separation with resulting secondary flows

•multiphase interactions

•Air-core formation –liquid-gas interactions

•Particle separation –fluid-particle, inter-particle 

and particle wall interactions

Physics of Cyclonic Flows

[1] M. Bhamjee, Modelling of the Multiphase Interactions in a Hydrocyclone using Navier-Stokes and Lattice Boltzmann Based Computational Approaches, Doctoral thesis, University of Johannesburg, South Africa (2016).

Figure 1.  Hydrocyclone [1] 
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•Multiphase models –capture liquid-gas and particle interactions

•≈ 4 million cells = mesh independence

•Multiphase time and length scales = small time step sizes ≈ υπ‘ί

•Large flow times ≈ ςίɀρφί

Physics of Cyclonic Flows

[1] M. Bhamjee, Modelling of the Multiphase Interactions in a Hydrocyclone using Navier-Stokes and Lattice Boltzmann Based Computational Approaches, Doctoral thesis, University of Johannesburg, South Africa (2016).
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•Navier-Stokes –Fluid is a continuum

•Continuity and RANS:
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•Turbulence solved via closure models

•FVM –discretisation of domain into control volumes (cells)

•Governing Equations solved numerically for each cell

CFD –Navier-Stokes vs. Lattice Boltzmann
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•Kinetic Theory - Boltzmann Equation: 
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•Evolution of the single particle distribution 

function

•Tracked on a lattice as in Figure 2.

•Recover NS behaviour 

CFD –Navier-Stokes vs. Lattice Boltzmann

[1] M. Bhamjee, Modelling of the Multiphase Interactions in a Hydrocyclone using Navier-Stokes and Lattice Boltzmann Based Computational Approaches, Doctoral thesis, University of 

Johannesburg, South Africa (2016).

Figure 2.  D2Q9 Lattice [1] 



9

•Volume of Fluid (VOF)

•Mixture

•Eularian-Eularian

•Eularian-Lagrangian or Discrete Phase Model (DPM)

•Eularian-Eularian granular

•Coupled CFD with Discrete Element Method (CFD-DEM)

•Dense Discrete Phase Model (DDPM)

Multiphase Models

[1] M. Bhamjee, Modelling of the Multiphase Interactions in a Hydrocyclone using Navier-Stokes and Lattice Boltzmann Based Computational Approaches, Doctoral thesis, University of 

Johannesburg, South Africa (2016).
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•LBM model predictions similar to the NS models

•LBM inlet boundary condition needs improvement 

Contributions –Single Phase Flow

[1] M. Bhamjee, “Modelling of the Multiphase Interactions in a Hydrocyclone using Navier-Stokes and Lattice Boltzmann Based Computational Approaches,” University of Johannesburg, South Africa, 2016.

[2] M. Bhamjee, S.H. Connell and A.L. Nel, “An Investigation into the Applicability of the Lattice Boltzmann Method to Modelling of the Flow in a Hydrocyclone,", 14 - 16 January 2014, SACAM 2014 (J. Hoffmann and J. van der Spuy, eds.), 

(Stellenbosch, South Africa), SAAM, January 2014

Figure 3. Contours coloured by velocity magnitude 

for the a) LBM and b) NS single phase models
Figure 4. MCUPS based performance for the LBM-LES 

and NS-LES single phase models
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•LBM-VOF model damps out the air-core

•on-lattice vs. off lattice pressure boundary

•LBM-VOF - no gas phase velocity

•LBM-VOF two-fluid model –potential 

solution

•Unstable for high Reynolds number

Contributions –Air-Core Formation

Figure 5. Iso-surface of volume fraction of 

air at a) t = 0:0s, b) t = 0:5s and c) t = 2:0s

[1] M. Bhamjee, “Modelling of the Multiphase Interactions in a Hydrocyclone using Navier-Stokes and Lattice Boltzmann Based Computational Approaches,” University of Johannesburg, South Africa, 2016.

[3] M. Bhamjee, S. H. Connell, A. L. Nel, “Modelling of Air-Core Formation in a Hydrocyclone using Navier-Stokes and Lattice Boltzmann Based Computational Approaches”, Unpublished.
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•Eulerian-Eulerian –significantly more 

accurate

•Mixture model poor predictions 

•Eulerian-Eulerian –less false diffusion 

despite use of coarser grids

•Eulerian model –unstable on finer grids

Contributions –Air-Core Formation

Figure 6. Iso-surface of volume fraction of air from the NS based 

Model at flow-time t = 2s: a) VOF with RNG k - , b) VOF with RSM, 

c) VOF with LES, d) Mixture with RNG k - , e) Mixture with RSM, f) 

Mixture with LES, g) Eulerian with RNG k - and h) Eulerian with 

RSM

[1] M. Bhamjee, “Modelling of the Multiphase Interactions in a Hydrocyclone using Navier-Stokes and Lattice Boltzmann Based Computational Approaches,” University of Johannesburg, South Africa, 2016.

[3] M. Bhamjee, S. H. Connell, A. L. Nel, “Modelling of Air-Core Formation in a Hydrocyclone using Navier-Stokes and Lattice Boltzmann Based Computational Approaches”, Unpublished.
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•NS based models relatively similar in terms of computational efficiency

Contributions –Air-Core Formation

Figure 7. MCUPS based performance for the NS based multiphase 

models for air-core formation modelling

[1] M. Bhamjee, “Modelling of the Multiphase Interactions in a Hydrocyclone using Navier-Stokes and Lattice Boltzmann Based Computational Approaches,” University of Johannesburg, South Africa, 2016.

[3] M. Bhamjee, S. H. Connell, A. L. Nel, “Modelling of Air-Core Formation in a Hydrocyclone using Navier-Stokes and Lattice Boltzmann Based Computational Approaches”, Unpublished.
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•Surging - primary cyclonic 

separation mechanisms break down 

•Result = air-core suppression

•Modelled 2s of flow time

•Need to model 16s to predict end of 

surging

•LBM particle model most accurate

Contributions –Surging

[1] M. Bhamjee, “Modelling of the Multiphase Interactions in a Hydrocyclone using Navier-Stokes and Lattice Boltzmann Based Computational Approaches,” University of Johannesburg, South Africa, 

2016.

[4] ] M. Bhamjee, S. H. Connell, A. L. Nel, “The Modification of the Dynamic Behaviour of the Cyclonic Flow in a Hydrocyclone under Surging Conditions”, Unpublished

Figure 8. Euler Number for the a) air-core models and b) 

the particle models at various heights.
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Contributions –Surging

[1] M. Bhamjee, “Modelling of the Multiphase Interactions in a Hydrocyclone using Navier-Stokes and Lattice Boltzmann Based Computational Approaches,” University of Johannesburg, South Africa, 

2016.

[4] ] M. Bhamjee, S. H. Connell, A. L. Nel, “The Modification of the Dynamic Behaviour of the Cyclonic Flow in a Hydrocyclone under Surging Conditions”, Unpublished

Figure 9. MCUPS based performance for the NS and 

LBM based particle models

Figure 10. MCUPS based performance for the NS based 

particle models
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•Default partitioning method in ANSYS Fluent is 

Metis 

•Metis is based on geometrical optimisation as 

opposed to physics based optimisation 

•Not optimal for hydrocyclone physics

Contributions –Parallel Partitioning

[5]  M. Bhamjee, S.H. Connell and A.L. Nel, “The Computational Effect of Parallel Partitioning Approaches Based on Model Particle Distributions within the Parallel Partitions of a CFD-DEM Model"., CHPC National Conference 2015. 

Partition interfaces

Figure 11. Partioning of the domain using 

a) Metis and b) Spherical Theta
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•The speed up and run time decrease = advantage of using the 

physics based weighting and/or the Spherical Theta partitioning

Contributions –Parallel Partitioning

[5]  M. Bhamjee, S.H. Connell and A.L. Nel, “The Computational Effect of Parallel Partitioning Approaches Based on Model Particle Distributions within the Parallel Partitions of a CFD-DEM Model"., CHPC National Conference 2015. 

Figure 12. Speed up based on partitioning approach
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•Development of:

•stable two-fluid LBM model

•coupled a LBM-DEM model

•Immersed Boundary based LBM

•Post-surging –air-core re-formation?

•PEPT experimental validation 

•Broader applications (beyond hydrocyclones are beings) are 

being introduced

Path Forward
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