
Kinetic Theory Modeling of Turbulent 
Multiphase Flow

Contract Number       :  FWP-AL-14-330-058

Principal Investigator :  Rodney O. Fox

Presenter                     :  Bo Kong 



A Solution Algorithm for Fluid-Particle 
Flows Across All Flow Regimes

Bo Kong and Rodney O. Fox



Outline
1. Introduction

2. Fluid-Particle Flow Governing Equations

3. Operator Splitting Schemes for All Flow Regimes

4. Solution Algorithm

5. Example results

6. Conclusions and Acknowledgements



Introduction

http://www.gussingrenewable.com/

1. Fluid-particle flow are common in many energy 
applications, such as fluidized bed and risers.

2. Two-Fluid model is the most widely used in 
simulating this type of flows. However, the 
hydrodynamic description is inaccurate when 
particles are dilute. 

3. Quadrature-based moment methods (QBMM) can 
be used to find approximate numerical solutions to 
the particle kinetic equation, thus model particle 
motions more accurately. But its explicit nature 
makes it inefficient when particles are close-packed.

4. Our objective is to develop a solution algorithm that 
combines the best features of the hydrodynamic 
and QBMM solvers, which can accurately simulate 
fluid-particle flows across all flow regimes.



Fluid-Particle Flow Governing Equations

Fluid Continuity:

Fluid Momentum:

Particle Kinetic:

represents acceleration due to forces acting on each particle, 
represents other possible source terms, e.g. particle collisions.



Particle Moments Transport:

Fluid-Particle Flow Governing Equations

Particle Continuity:

Particle Momentum:

Particle Particle-Pressure Tensor:



Particle Kinetic, Collisional and Frictional Flux

Kinetic Flux:

Collisional Flux:

Frictional Flux: 

Granular Pressure:  

Particle Viscosity:  

Kinetic and Collisional Heat Flux: 



Operator-splitting scheme for all flow regimes

h1

h2



Hydrodynamic solver: 

Particle Volume Fraction:

Particle Velocity :

Particle Granular Temperature :



Free transport solver: 

Anisotropic Gaussian Velocity Distribution: 

Granular Stress Tensor Transport3D Gauss-Hermite Quadrature 



Wall boundary conditions

Hydrodynamic solver: 

Free transport solver: 



Example kinetic theory coefficients in hydrodynamic model 
for particle phase
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Example results, test case 1: fluidized bed



Example results, test case 2 : vertical channel riser 



Example results, test case 2 : vertical channel riser 



Conclusions

1. A solution algorithm is proposed to accurately treat all fluid-particle 
regimes occurring simultaneously. 

2. This algorithm is based on splitting the free-transport flux solver 
dynamically  and locally in the flow.  In close-packed to moderately dense 
regions, a hydrodynamic solver is employed, while in dilute to very dilute 
regions a kinetic-based finite-volume solver is used in conjunction with 
quadrature-based moment methods.

3. To illustrate the accuracy and robustness of the proposed solution 
algorithm, it is implemented  for particle velocity moments up to second 
order, and applied to simulate gravity-driven, gas-particle flows exhibiting 
cluster-induced turbulence. 

4. By varying the average particle volume fraction in the flow domain, it is 
demonstrated that the flow solver can handle seamlessly all flow regimes 
present in fluid-particle flows.
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Semi-discretized equations 








