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Overview

* Physical problem
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Physical problem

Tiurbidity currents often arise
fromi underwater avalanches

Triggered by tsunamis ana
earthguakes

Sand and water mix to create
turbulent fluid

Very complex fluid flow
preplem
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Physical Problem: cont.

® Turbidity currents settle into
turbidites

® Turbidites form a basis for
hydrocarbon reservoirs

# Very challenging physical problem N
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Conventional Computational Fluid
Dynamics

& Averaged multiphase fluid approach

& Difficult to construct appropriate
constitutive relations

® Requires fitting of many, often non-
physical, parameters
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Difierent pniosepny: than
conventional computational riuid
dynamics

Usually simple rules that descrioe

particle Inieraction
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_attice Boltzmann Method

® A guasi-particle description of the
fluid

® The microscopic particle dynamics
IS averaged to obtain a simplified
algorithm

® |n principle, a discrete version of
the Boltzmann eguation on a
regular lattice
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Basic Lattice Boltzmann TTheory

Fluid described by a distribution
function

Macroscopic fluid quantaties: are
derived from mesoscopic quantaties

The Lattice Boltzmann equation is

The equilibrium distribution; function



L_attice Boltzmann Algorithm

Very similar to an explicit finite
difference scheme

Algorithmi consits of two basic
steps,; setl up to conserve mass
and momentum

Collision :

Streaming :



LLattice Boltzmann Algoerithn cont.

® At each time step, macroscopic
guantaties are calculated from the
distribution function

® Adding additional forces
conceptually easy
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50lizmann Application
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& Applied to many physical
proplems like: shallow water
eguation, plasma pnysics

& Very successiulllin simulating
time-aepenaent riuid jiow,

proplems

& Viulticomponent fluid problems

peen stuaied as well

® |deal for parallelization
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Particle Lattice Boltzmann Method

Particle based nature simplifies
simulation of particle suspension

z direction, micromeaters

Reverse populations, on solid wall
boundaries

Yy direction,
micrometers

Simulation of fluid flow in porous
media is accomplished as well
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LBM in the study of fluid-structure
interaction
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Tiurbidity: Current Simulation with the

_attice-Boltzmann Method

Relatively easy to incorporate sand-fluid interaction at the particle level

Parameters have simple physical interpretations

Turbulence modeling| essential

Work in progress
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Conlusion

® Turbidity flow isia very comlex system to model

® Particle-based modeling possible alternate approach to
conventional methods

® | attice Boltzmann method is a good candidate for
simulating turbidity flow

# More details in the article
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