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Background 

• Main approaches for modeling of fluid-solid flows: 
– TFM 

– CFD-DEM 

• Advancements in CFD-DEM 
– Theoretical: extension or developing new models for 

contact forces, torques, fluid-particle interactions and etc.  

– Proposing new coupling methods 

– Adding new sub-models to the main model to investigate 
reactive flows, cohesive flows and etc.  

– Developing efficient numerical tools to solve all 
equations 
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Objective 

• Developing a solver which has features very close to 

an ideal solver 

• Using the maximum computational power of a simple 

desktop computer (CPU and GPU) 

– This makes it possible to perform  
larger simulations on a simple  
desktop computer.  
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Model 

• Gas phase 

– Continuity 

– Momentum 

– Turbulence (k-) 

• Particle phase 

– Linear  

– Angular 
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Gas and particle equations  
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Implementation details 
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The overview of the solver 
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Implementation details 

• All calculation steps were parallelized using CUDA platform 

(GPU computational resource). 

• The parallel algorithm by Mazhar et al. for particle-particle 

contact search. 

• Triangulation for representing wall geometry 
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DEM part 

Mazhar, et al.  (2011), Multibody System Dynamics, 26(1), 37-55 6  



Implementation details 
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CFD part 

 

Turbulent tensor  

U equation Ass. & relax 

Solve U equation 

k-e equations 

Pressure correction 

Flux at faces 

Pressure equation & relax 

Correct flux at faces 

Recon. velocity field 

Continuity errors 

nCorrections 
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Update boundary 

conditions 

PIMPLE algorithm 
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Implementation details 

• Calculation of 
fluid porosity  
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Coupling part 
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PIC Analytical Sub-division 

Hilton, J.E., Mason, L.R., and P.W. Cleary (2010), Chemical Engineering Science, 65, 

1584-1596. 
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Test runs 

• Intel® coreTM-i7 processor with 4 3.6-GHz 

cores. 

• NVIDIA GeForce® 660Ti GPU 

• Compiler: g++ compiler on Ubuntu 14.04 

• OpenFOAM® 2.3 
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Desktop computer 
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Bubbling fluidized bed 
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Pressure fluctuations 
No. of particles: 880 k, Max. Co = 0.44, 

Run time = 6 hr per sec on 1 CPU core 
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Spout-fluid bed 

 

03:05 

Particle velocity profile No. of particles: 460 k, Max. Co = 1.59, 

Run time = 6.5 hr. per sec. on 2 CPU cores 

Sutkar, V.S., Deen, N.G., Mohan, B., Salikov, V., Antonyuk, S., Heinrich, S., 

and Kuipers, J.A.M. (2013), Chemical Engineering Science, 104, 790-807 
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Wurster bed 
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Velocity profile #1 
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Wurster bed 
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Velocity profile #2 
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New book on CFD-DEM with Wiley 
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• Ch. 1: Introduction 

 

• Ch. 2: DEM Formulation 

• Ch. 3: DEM Implementation 

• Ch. 4: Non-Spherical Particles 

• Ch. 5: DEM Applications to Granular  Flows 

 

• Ch. 6: CFD-DEM Formulation and Coupling 

• Ch. 7: CFD-DEM Applications to Multiphase Flow 

• Ch. 8: Interparticle Forces and External Fields 
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