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ABSTRACT

Solid-liquid flows are widely employed in industry and nature. Many liquid-solid mixtures
used across a wide spectrum of industries such as mineral, chemical and power industries are
found to be transported by pumping through pipelines. Determining the most efficient and
economical process of pumping these solids in carrier liquid requires careful consideration
and analysis of different factors, some of which can have a significant impact on performance
and cost of whole process including environmental regulations of the land. It supports the
greater need for more fundamental understanding of different aspects of the behaviour of

materials in such slurry pipeline systems.

The high economical and technical cost of experimental testing of slurry pipelines and the
limitations of the existing simplified empirical/semi-empirical models in general has helped
in making computational fluid dynamics (CFD) an attractive alternative in recent years
especially in the field of slurry pipeline research. This along with ever decreasing cost to
computing supports the need of better understanding of CFD techniques and its applications

in the field of slurry flow analysis.

The present Ph. D. research work has bridged this gap by undertaking a much exhaustive
CFD analysis of slurry flows through horizontal pipelines. During the present research work,
experimental results of different researchers spread over much wider range of working
parameters viz. pipe diameter, grain size, slurry flow velocity, efflux concentration, solid

density etc. have been selected and simulated.

Since all selected slurry flow cases have already been tested experimentally by various
researchers, the outcome of present study have enriched the existing experimental results
with exhaustive and additional information of different slurry flow parameters which
otherwise are quite expensive and many times impossible to obtain through experiments. The
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exhaustive information of different slurry flow parameters obtained using CFD simulations
have been analyzed and presented in the form of graphs showing the effect of variations in
different geometric and working input slurry flow parameters on the results of important
design parameters of slurry flow transportation system. Specifically, effect of slurry flow
velocity and efflux concentration on important design parameters such as solid concentration
distribution, solid velocity distribution, pressure drop, friction factor, granular pressure,
turbulent viscosity and flow turbulence have been presented for slurry flows through different
sized horizontal pipelines. Both qualitative and quantitative analyses have been presented.
This helps in evaluating the performance of existing systems leading to future up-gradation in

it for improved output.

The present research work has also undertaken a selective analysis of effect of grain size on
important design parameters of slurry flow transportation system. A series of slurry flow
cases having different grain sizes and input working parameters flowing through three
different pipe sizes have been simulated. Simulation results have been presented showing
effect of grain size on solid concentration distribution, solid velocity distribution, pressure

drop, friction factor, granular pressure, turbulent viscosity and flow turbulence.

The present research work also includes parametric analysis of important simulation
parameters for slurry flows through horizontal pipeline. In this, effect of different turbulence
models, wall function and wall boundary conditions on important design parameters of slurry

flow transportation systems have been analyzed and presented.

During this research, correlations for important design parameters viz. solid concentration
distribution, solid velocity distribution, pressure drop, turbulent Kkinetic energy and its
dissipation rate have also been obtained in terms of different geometric and working input

slurry flow parameters using non-linear regression of exhaustive data obtained during CFD
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simulations. Genetic algorithm (GA) has also been applied on these data set for better
understanding of results. The equations mentioned here correspond to the simulation data of
important slurry flow parameters presented in the form of best fit surface curves. These
equations do not pertain to all the data points. Rather, they represent only the best fitted
surfaces as per regression algorithms. Therefore, these equations should not be expected to

predict all the values of flow parameters in the prescribed range.

The outcomes of the present research work presented in both qualitative and quantitative
manner for different slurry flow parameters for solid-liquid slurry flows through horizontal

pipelines have further enriched this research field quite extensively.
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