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Abstract

Kassar, Bruno de Barros Mendes; Carvalho, Marcio da Silveira (Ad-
visor); Ferreira, Marcos de Oliveira Lage (Co-Advisor). Three di-
mensional flow with suspended spherical particles. Rio de
Janeiro, 2012. 62p. Dissertacao de Mestrado — Departmento de
Engenharia Mecanica, Pontificia Universidade Catélica do Rio de
Janeiro.

This work presents a novel implicit and fully coupled formulation
for the problem of 3D flows with suspended rigid bodies. This is the
main contribution of the work. The formulation was implemented in C+-+
and tested for the sedimentation problem of one spherical particle. The
results indicate plausible physical behavior in spite of being limited by
mesh accuracy. The software solves numerically the Navier-Stokes Equations
coupled with Rigid Body Dynamics’ Equations using the Finite Elements
Method. The coupling between fluid and solid domains is done by means of
the Fictitious Domain Technique, which avoids mesh generation for every
time step. The 3D flow of non particulate flow is also studied in this work

and is the basis for the particulate flow formulation.

Keywords
Fluid Mechanics; Finite Elements Method; Navier-Stokes; Fictitious Do-
main Method.
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Resumo

Kassar, Bruno de Barros Mendes; Carvalho, Marcio da Silveira;
Ferreira, Marcos de Oliveira Lage. Escoamento Tridimensio-
nal com Particulas Esféricas Suspensas. Rio de Janeiro, 2012.
62p. Dissertagao de Mestrado — Departamento de Engenharia Me-
canica, Pontificia Universidade Catdlica do Rio de Janeiro.

Este trabalho apresenta uma nova formulacao implicita e totalmente
acoplada para o problema de escoamentos tridimensionais com corpos rigi-
dos suspensos. Esta é a principal contribuicao deste trabalho. A formulacao
foi implementada em C++ e testada para o problema de sedimentacao de
uma particula esférica. Os resultados indicam comportamento fisico plausi-
vel apesar de serem limitados por inacurdcia de malha. O programa resolve
numericamente as Equacoes de Navier-Stokes acopladas com as Equagoes da
Dinadmica de Corpo Rigido usando o Método de Elementos Finitos. O aco-
plamento entre os dominios fluido e sélido é feito pela Técnica do Dominio
Ficticio, que evita a geracao de malha a cada passo de tempo. O escoamento
tridimensional sem particulas também é estudado neste trabalho e é a base

para a formulacao do escoamento com particulas.

Palavras—chave
Mecanica dos Fluidos; Método dos Elementos Finitos; Navier-Stokes;

Método do Dominio Ficticio.
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incompressible Newtonian fluid stress tensor

identity matrix

fluid’s dynamic viscosity

fluid’s specific mass

specific mass of the particle

any direction x, y or z.

the Lagrange Multipliers vector with components [A;, Ay, )\Z]T
Angular velocity [wyp,,wyp,,w.p,|" of the particle k

gravity acceleration vector [g., gy, 9:]"

normal vector on the particle surface pointing outward the particle
Linear velocity [up,,vp,, wp,]" of the particle k

velocity vector [u, v, w]”
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Being entirely honest with oneself is a good
exercise.

Sigmund Freud, Letter to Wilhelm Fliess.
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