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ABSTRACT

Conveying of granular solids in slurry form through pipeline systems is widely
applied in industries due to its several inherent advantages, such as, continuous delivery,
flexible routing, ease in automation and long distance transport capability, etc. The
present need of energy and water resources conservation, industrial requirement of
transporting a large quantity of solids mass and improved understanding of the flow
mechanism of low concentration solids (10-40% by weight) slurry (Verkerk 1985; Sive
and Lazrus 1986; Kumar 1999; Kumar 2010; Kaushal et al., 2013) have given an impetus
to the emergence of higher solids concentration (>40% by weight) slurry transport
systems (Elliot 1970; Wilson 1982; Slatter 1996; Gillies et al., 2000; Kaushal et al., 2005;
Kaushal and Kumar 2013) which adds a new dimension to the slurry transport arena. In
recent years, enhanced capabilities of turbulent flow modeling tools have provided a basic
framework for the analysis of slurry pipeline systems. A significant number of literatures
on low concentration (10-40% by weight) slurry transport systems have reasonably
explained the transport mechanism of solids but the phenomenon is not yet to be fully
understood for conveying of higher concentration slurry owing to complex interactions
among the constituent phases. Therefore, the present study attempts to investigate the
behaviour of higher concentration slurry transport systems.

Advent of highly sophisticated computers with advanced numerical techniques
involved in computational fluid dynamics (CFD) analysis made it possible to analyze the
operation of higher concentration slurry transport systems using numerical simulations
but the literature review clearly reveals that the application of CFD for higher

concentration slurry transport systems is few. The present research work delves deep into



the transport mechanism of higher concentration slurries by conducting experiments and
numerical simulations.

In fact, the present knowledge base of slurry pipeline design is still not complete,
particularly for higher concentration slurries, since the designers of slurry transport
systems yet rely on the data generated from pilot plant test facility. Additionally, a huge
cost involved in setting up a new slurry pipeline system demands for the cost to be
minimized. This essentially requires a sound design methodology to implement an
optimization method for the same purpose. The literature review confirms that the
optimum values of parameters for the design of the slurry pipeline systems are also not
yet established. Sparse published data on the flow of higher concentration slurries across
a pipeline bend further add to the difficulty level of the complex problem.

Considering a large number of higher solids concentration slurry pipelines
operating across the world and their associated problems, the present study aims to
generate an extensive experimental dataset from the pilot plant test facility and to carry
out computational fluid dynamics (CFD) simulations for better understanding of the flow
behaviour of higher solids concentration slurry through pipeline. The experimental
investigations were performed using various types of granular media and different
diameter pipes. Physical properties, namely, specific gravity, particle size distribution,
ph-value, static settled concentration, and rheological characteristics of iron ore and coal
ash slurries (fly ash and a blend of fly and bottom ash) at various concentrations (ranging
from low to high) were experimentally obtained to establish a classification criterion for
the slurries having different concentrations. It was observed that the solids concentration
played a vital role in defining the classification criterion. The slurries of different
materials at higher solids concentration were found to display a non-Newtonian Bingham

plastic, behaviour, whereas, at low concentration they exhibit Newtonian character.
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Further, the rheological parameters, the plastic viscosity and the yield stress were also
found to increase monotonically with the both, the increasing solids concentration and the
decreasing particle size. The physical and rheological properties so obtained were used as
input parameters to determine the pressure drop and concentration profile of the slurries
flowing through pipeline. Experimental data relating to the pressure drop characteristics
for the flow of fly ash and iron ore slurries were obtained from the pilot plant test facility
which had 50 and 105 mm diameter pipes to facilitate investigation of the changes in the
flow characteristics of commercial slurries and to correlate the efflux concentration and
flow velocity with the various design parameters. Solids concentration profile, however,
was also measured for the iron ore slurry. Experimental data collected in the present study
and also those published in literature were analysed in relation to the results obtained
from the CFD simulations. FLUENT software was applied to determine the design
parameters of slurry transport systems and single-phase flow simulation was conducted to
lay a basic framework for the multiphase flow system. The CFD simulation results
obtained for the flow of water were found to completely agree with the experimental data,
whereas, a relatively inferior agreement was observed between the simulation results and
the data pertaining to the flow of higher solids concentration slurries.

Experiments were also performed to understand the flow behaviour of fly ash
slurries at higher solids concentration across 90° horizontal bend in pipeline. The pressure
drop across the pipe bend was found to be a function of solids concentration, pipe
diameter, flow velocity, bend radius and angle, and size and specific gravity of the solid
particles. The secondary flow generated at the bend location was identified as a key factor
to influence the pressure drop and solids’ distribution patterns which eventually affects
the material erosion characteristic at the bend, however, the bend erosion characteristic

was not investigated in the present study. The observed data for pipe bend were also
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compared with the CFD simulation results and the comparison showed a reasonable
agreement between the two.

The present work concludes that the results obtained by the CFD analysis for
conveying of higher concentration slurries can be used by the designers to design a slurry
pipeline system which eventually eliminates the need of expensive, time consuming and
laborious experiments to be performed on pilot plant test facility for the design of higher

concentration slurry pipeline.
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