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Particulate processes pervade the petroleum, chemical, mining, pharmaceutical, and agricultural 

industries. Many of these processes have significant opportunities for optimization and productivity 

enhancements.  Reliable particle modeling and simulation tools can improve critical understanding and 

design of particle transport processes; this talk will provide several examples in this regard.  A recent 

approach to modeling particle flow employs the discrete element method (DEM).  In DEM, the dynamics 

of individual powder particles are described rather than treating the particle phase as a continuum via 

computational fluid dynamics (CFD). DEM is especially useful for investigating phenomena occurring 

at the particle-length scale.  This presentation will focus on DEM modeling of complex particulate flows 

for particle mixtures with and without surface moisture, as well as rigid and flexible non-spherical 

particles.  These DEM simulations are validated via experiments - shear cells testing, hopper discharge, 

particle packing, and particle breakage.  DEM simulations are also capable of developing constitutive 

relations for the particle phase that are needed for continuum-based CFD simulations in order to simulate 

large-scale processes.  This talk will outline the development of constitutive models for the collisional 

dissipation rate and the particle-phase stress in granular kinetic theory for particle assemblies that are 

not spherical or monodisperse. 
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Professor Curtis’ research focuses on the development of multiphase CFD models and discrete element 

method models for particulate flow.  Her work has been applied to improve the design and optimization 

of chemical, energy, mining, pharmaceutical, and agricultural processes in which particulate processes 

are pervasive.  Her multiphase flow models, based on first principles granular kinetic theory, have been 

adopted by the software package ANSYS Fluent, the largest producer of simulation software used by 96 

of the 100 biggest industrial companies and over 40,000 customers.  Her multiphase flow models are 

also included in the CFD Research Corporation’s multiphase flow CFD software package and the open-

source CFD code (OpenFOAM).   

 


