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ABSTRACT 
The gravity-driven flow of a suspension into a pure fluid in the duct (pipe or 
channel) is an engineering problem with considerable importance for the 
economy and environment. Whether it is displacing the drilling fluid with 
cement (suspension) inside a wellbore or discharge of particulate effluents into 
urban waterways, there is a constant demand for obtaining a fundamental 
understanding of these complex flows. From the industrial perspective, it is 
essential to develop the capacity for identifying possible flow behaviors and 
predicting the spreading rate of the suspension under a given set of conditions. 
To address these questions we employed a two-pronged approach. First, we 
performed experiments using controlled release of a heavy suspension into a 
pure fluid inside a long narrow pipe. Effects of various parameters, including 
inclination angle of the pipe, the initial volume fraction of particles in 
suspension, particle size, and fluid viscosity have been investigated through 
methodical experimentation. Pertaining to whether particles stay mixed in the 
suspension or settle out of the flow, distinct mixing and sedimentary flow 
regimes are identified. The interpenetration extent of suspension and pure 
fluid have been measured and a scaling parameter is proposed to approximate 
the velocity at the suspension layer. Second, we performed an analytical study 
for the suspension exchange flow considering the special case of the vertical 
pipe. In particular, a Lubrication model has been developed for lock-exchange 
configuration under the Boussinesq limit. The resulting model is in the form 
of the classical Riemann problem and has been solved numerically to achieve 
self-similar solutions for interface height and particle concentration. Novel 
particle-rich zones are further discovered in the vicinity of the advancing 
heavy and light fronts. These zones are associated with different transport 
rates of the fluid and solid particles. The effect of various flow parameters on 
the dynamics of the flow has been quantified through a systematic approach.
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