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ABSTRACT

Direct numerical simulations are carried out to analyze the fluid-particle interac-
tions. This thesis relies on the customization of opensource C++ library —Im-
mersed Boundary Method Adaptive Mesh Refinement (IBAMR)—to model the
fluid-particle interactions. Numerical study considers the effect of geometric config-
uration of particles and particle collision on overall fluid-particle interaction process.
The IBAMR is a dedicated Immersed Boundary based software to deal with fluid-
structure interactions, and the feature ConstraintIB deals with the prescribed kine-
matic of rigid-body motion based on distributed-Lagrangian-multiplier (DLM) for-
malism. Utilizing this feature, settling behavior of different-shaped particles are dis-
cussed. The settling characteristics are analyzed in terms of Fast-Fourier-transform
and phase-space plots.

To realize the effects of particle collision on fluid-particle interaction, a collision
strategy is implemented in IBAMR framework. The proposed collision strategy is
based on soft-sphere discrete element model; and particles’ material properties de-
termine the stiffness parameters. Adopted collision strategy is first validated against
the benchmark case of drafting-kissing-tumbling for particle-particle collision. The
simulations of varying particle-to-fluid density ratio are conducted using the pre-
sented collision model, and results are discussed. To show the efficacy of propossed
collision strategy to model the particle-wall interaction, bouncing of a spherical-
particle on the rigid wall is studied from viscous to inertial flow-regime. Near wall
fluid-particle interactions show the effects of viscous-dissipation on particle rebound-
ing, and particle comes to rest in subsequent rebounds after loosing kinetic energy.

The final part of thesis focuses on the interaction between a single-particle and
the cluster to mimic the situation of dense and dilute clusters. A statistical ob-
servation is presented for cluster sedimentation and its interaction with the single-
particle at different Reynolds numbers. The interaction of a single-particle with the
cluster reduces the formation of smaller sub-clusters, as the sedimentation is accom-
panied by horizontal displacement. Vorticity field of cluster evolution shows how
a single-particle affects the sedimentation process. This interaction and sedimen-
tation behavior are further analyzed in the context of polydispersity and varying
cluster-size.
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