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ABSTRACT

Solid-liquid two-phase flows through closed conduit and open channel are widely
employed in the chemical, mining industries and are encountered in slurry transport,
sewer line, irrigation channel and natural phenomena such as river mechanics.
Computational Fluid Dynamics (CFD) based approach is capable of evaluating three-
dimensional solid-liquid two phase flow problems under a wide range of flow conditions
and sediment characteristics rapidly, which is almost impossible experimentally.

Conveyance of solids through closed conduit such as pipelines on large scale has
now come to be accepted as a viable alternative to the conventional modes of
transportation. The advection-diffusion (AD) model has been extensively used to predict
the particle concentration distribution in slurry pipeline. AD model accounts for two
effects, i.e., settling attributable to gravity and turbulent diffusion attributable to
sediment-turbulence interaction. HoWever, AD model is unable to predict the
concentration profiles with points of maximum concentration away from pipe bottom,
which is a common feature for finer and coarser particles at higher and all values of
concentrations and ve]ocities, respectively. The use of CFD-based approach considering
flow as three-dimensional and taking into account the effects of slip-velocity and the
sediment stress gradient is able to predict the concentration profiles with points of
maximum concentration away from pipe bottom. In the present study, pipeline flow of
mono-dispersed finer particles at higher concentration is numerically simulated using
Mixture and Eulerian two-phase CFD models. Mixture rﬁodel uses a single-fluid
approach. Eulerian model implements Euler—Euler coupled governing equations for fluid

and solid phases considering both the flow—particle and particle~particle interactions, and
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a modified k — & turbulence closure for the fluid phase. Both the modeling systems are
part of the CFD software package FLUENT. A hexagonal shape and cooper type non-
uniform three-dimensional grid are chosen to discretize the entire computational domain,
and a control volume finite difference method is used to solve the governing equations.
The modeling results are compared with the experimental data available in literature in
54.9 mm diameter horizontal pipe on glass beads with mean diameter of 125um, for flow
velocity up to Sm/s and four overall concentrations up to 50% (namely, 0%, 30%, 40%
and 50%) by volume for each velocity. The modeling results by both the models for
pressure drop in the flow of water through pipeline are found to be in good agreement
with experimental data. For flow of slurry, Mixture model fails to predict pressure drops
correctly. The amount of error increases rapidly with the slurry concentration. However,
Eulerian model gives fairly accurate predictions for both the pressure drop and
: COI‘IICGl‘ltI.‘atiOIl’lA proﬁies at dll efflux concentrations and flow velocities considered in the
present study. Velocity and slip-velocity distributions that have never been measured
experimentally at such-higher concentrations, predicted by two-phase Eulerian model are
presented for the concentration and velocity ranges covered in the present study Slip
velocny between fluid and solids dragged most of the particles in the central core of
pipeline, resulting in to the central concentrations higher than the concentration in near
boundary zone of slurfy pipeline at higher overall average concentrations and mean ﬁow
Velocities‘. | | . |
Sol.id-liquid two phase flows in open channel occur in many practical situations
like sediment tradéport th1;ough irrigation channel, sewer line, etc. In modern times of

rapid urbanization, the waste water discharges into the urban drainage channels are
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increasing. It is observed that construction debris, natural sediments and urban solid
waste are carried in flows in drainage channels. Sediments get deposited along the invert
of the drainage channels during the periods of dry weather flow due to non-availability of
sufficient flow velocity in some reaches which leads to the sedimentation and reduction
in the carrying capacity of the channel. Invert traps have successfully been used to collect
sewer sediments at convenient locations within the system, where large volumes of solids
can be stored. Most of the earlier studies available in literature on invert trap have
considered the various possible trap openings, sizes, sediment types and flow rates to trap
sediment optimally by using CFD-based approach and experimentally, however, only a
few studies are carried out on the possible shapes of invert trap to trap sediments
optimally. In the second part of the present study, flow field prediction and optimization
of invert trap configuration have been carried out by using CFD modeling with the help
of FLUENT software using Renormalization Group (RNG) k-¢ along with Discrete Phase
Model (DPM). Five different invert trap shapes (namely, rectangular, trapezoidal,
trapezoidal with rectangular base, rectangular with trapezoidal base with lid on both
sides) for three trap openings. viz. 15 cm, 9 cm and 5 cm, have been simulated for the
flow of seven different inért sediment types (namely, twoAtypes of sand, glass beads and
four types of plastic beads) at different flow rates for each trap. The discharges selected
in present study cover entire range of discharge expected in channels during dry weather
flow and monsoon. Thelsimulation results are capable of showing particle trajectories, the
effect of flow rate and trap geometry on the flow patterns, developed within the trap.

Based on 3D CFD modeling and experimental measurements, it is concluded that the
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invert trap having rectangular shape with trapezoidal base with lid on both the sides is the

most efficient trap configuration with highest sediment retention ratio
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