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ABSTRACT OF DISSERTATION

The elevated energy demand and high dependency on fossil fuels have directed researchers’ attention to promoting and advancing hydraulic
fracturing (H.F) operations for a sustainable energy future. Previous studies have demonstrated that particle suspension and positioning in slick water
play a vital role during the injection and shut-in stages of the H.F operations. A significant challenge for H.F is the premature particle settling and
uneven particle distribution in a formation. Even though various research was conducted on particle transport, there still exist gaps in the
fundamental particle-particle interaction mechanisms. This dissertation utilizes experimental and numerical approaches to advance state of the art
in particle-particle interactions in various test conditions. Experimentally, the study utilizes high-speed imaging coupled with particle tracking
velocimetry (PTV) and particle image velocimetry (PIV) to provide a 2D space and time-resolved investigation of both two-particle and multi-particle
interactions during gravitational settling, respectively. Dual-particle experiments uncovered an unstable regime of interactions characterized by
chaos. On the hand, quantification and mathematical modeling of lateral forces acting upon dual particles was completed in the stable regime. Three-
dimensional numerical investigations of fluid flow over dual particles were conducted at various separation distances and Re. Special attention was
given to close proximity conditions. The results demonstrate unique unreported flow patterns and new information on the flow blockage
phenomenon. Transient simulations highlight the coupled relationship between vortex shedding, Re, and separation distance. A multi-perspective
experimental study on the coupled effect of viscosity and multi-particle mix ratio on slurry velocity was conducted. PIV analysis highlights unique
agglomeration and particle interactive patterns. The results demonstrate the existence of a reduced velocity condition at a given viscosity and particle
mix ratio. Lastly, a PIV analysis was conducted on particle interactions in an impulse injection condition, inclusive and exclusive of gravitational effects.
The study targeted uncovering the coupled effect of fracture angle and solution viscosity on fracture filling patterns, vortex formations, and final
proppant deposition.
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