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Abstract 
Due to the limitations of numerical schemes most numerical simulations studying particle-fluid interactions are 

performed in statistically uniform systems.  How to post-process the results from such simulations and to develop 

models for practical systems, which are often non-uniform, is an important issue having significant theoretical and 

practical consequences. In this seminar, it will be shown that there is a particle-fluid-particle (PFP) stress in a dis-

perse multiphase flow.  The commonly used phase interaction force (e.g. drag and added mass force) models need 

to be added with the divergence of this PFP stress in a non-uniform system.  
The PFP stress is defined similar to the contact stress in a dense granular medium.  However, direct use of the 

definition encounters two conceptual difficulties.  Firstly, with the presence of the fluid, it is not possible to identi-

fy the interaction force between a pair of particles as required in the definition of the contact stress. The pair inter-

action force can only be approximately calculated in dilute particle suspensions. Secondly, even if this approximat-

ed pair interaction force is accepted, the summation over all the interaction pairs diverges due to the long-range 

hydrodynamic interaction among particles. To overcome these difficulties, a relation between the ensemble aver-

age and the nearest particle statistics is derived.  It is shown that pair interaction force required in the definition 

can be replaced by the force acting on a reference particle conditional on the nearest particle.  Because of the rapid 

far-field decay of the nearest particle probability, the integral defining the stress always converges absolutely.  Us-

ing this definition, the PFP stress is calculated for dilute particle suspensions.  Numerical results for finite volume 

fractions and Reynolds numbers will also be discussed.  
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