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pump sump. The CFD model are well computed the sediment deposition in pump
sump. Percentage of particle accumulate increased with increased of particle size but
at lower velocity. While for sediment deposition area, most of the particle will be
deposited at the inlet of the pump sump especially for larger particle.

Keywords:

Sedimentation; pump sump; CFD Copyright © 2020 PENERBIT AKADEMIA BARU - All rights reserved

1. Introduction

Pump sump intake plays an important role in the water supply. There are many usages of the
pump. For example, in water resources, the pump is used to transfer raw water (from rivers, lakes,
etc.) to the intake. The pump is selected based on system requirements, discharge pressure required,
flow capacity required and availability of space [1]. Nowadays, there are much development has been
implemented resulting in many new land clearings. Some of the development has been carried out
near the river and this kind of development will produce sediment loads in the river which will
transport to the reservoir. Besides, most sediment releases come from land development activities
where it may cause sedimentation problems in a watercourse.

Sedimentation is the build-up (aggradation) of sediment on the land surface or the bed of a
watercourse and causes particles to depart from flow lines [2-3]. Therefore, it allowing particles in
water to settle out of the suspension under the effect of gravity. Sedimentation will give an effect to
the pump sump system especially to its efficiency. The smaller particle or the suspended particle will
flow to the intake and this may cause erosion and abrasion to the expensive hydraulic machinery [4].
Besides, excessive sedimentation in the waterway will cause sediment entrainment and reduction of
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pump efficiency in delivering because of clogged or locked at the outlet of the structure and it may
lead to damage to the system because of the pump system is not designed for sediment passage. [5-
6]. Furthermore, sedimentation problems can lead to pump operational difficulties due to it being
either conveyed with the diverted flow or deposited in the intake and interferes with the flow [7].
Besides, sedimentation will reduce the water storage and eliminate the capacity of water flow
regulation which will cause economic losses due to maintenance work and operational lack.

A physical model is commonly used to investigate the effect of sedimentation on the pump sump
system. However, usage of the physical model will require high cost due to construction and
transportation of the physical model itself besides it also required a long period.

Computational fluid dynamics (CFD) is one of the tools that can be used to investigate the
problem which it is can save cost and time. However, it requires skill and quite difficult to understand
how to use the software which needs a lot of studies. CFD has now become one of an important tool
to study the flow of either the flow of gas, solid or liquid and it also can analyze single-phase and
multiphase flow [8]. Since CFD has been chosen as a method to analyze the problem. Therefore,
more research has to be done to decide the most appropriate CFD model that suitable to use where
other similar research works are studied to understand the different model and theories are used in
CFD as following.

Wingstedt and Reif [9] conducted a numerical simulation of particle dispersion in an urban area
using the Euler-Lagrange model. The realizable k-e model was used for turbulence modeling and the
discrete phase model (DPM) was used for the particle transport model. The results obtained show
that ANSYS Fluent is capable to predict the dispersion and deposition of the particle.

Kaushal et al., [10] have used multiphase flow ANSYS Fluent modeling to study about CFD
modeling for pipeline flow of fine particles at high concentration. Two types of models are used such
as mixture model and Eulerian model to modeled three-dimensional concentration distributions,
pressure drops, and velocity distributions. The mixture model fails to predict pressure drops
correctly. The Eulerian model gives fairly accurate predictions for pressure drop at all the efflux
concentrations and flows velocities.

Yan [11] conducted a CFD model to investigate the 3D modeling of hydrodynamics, sediment
transport, settling and resuspension under unsteady conditions in an urban stormwater detention
basin. Discrete phase model (DPM) is been used to observed sediment transport. RNG k-& model is
used to represent the turbulent phenomenon. For the results, the simulated flow pattern showed a
good level of agreement with the measured spatial distribution of particle size.

Gopaliya and Kaushal [12] have conducted modeling of sand-water slurry flow through the
horizontal pipe using CFD using the Eulerian model. The turbulence model that has been used is the
RNG k- model. As a result, the local volumetric concentration of solid-phase across pipe outlet is
very well simulated for all three particle sizes under consideration. However, scatter in data of various
flow parameters especially in the case of slurry flows with bigger particle sizes indicates that the
model used in the present study needs further development.

Tarpagkou and Pantokratoras [13] have conducted CFD methodology to investigate the 3D
hydrodynamics and flow behavior of a sedimentation tank using discrete phase model. RNG k-¢
model is used for the turbulence model.

The next study has been done by Bikmukhametov [14] which to study the capabilities of CFD
software ANSYS Fluent in the modeling of particle flows. The Eulerian granular model has been used
to simulate particle plug propagation in bent pipes and the DPM model was used to determine the
critical velocity. The realizable k-€ model is used for turbulence modeling. As a result, the Eulerian
granular model is capable to reproduce the particle plug movement in pipes and the results fit the
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experimental results. While for the DPM, it gives a reasonably good performance in predicting critical
velocity in slurry flows, but the value of the velocity is underestimated.

Dufresne et al., [15] studied the use of CFD and particle tracking in other and various hydraulic
conditions. k-€¢ model is used for the turbulence model and DPM is used for particle tracking. As a
result, CFD shows seems a good way to model sediment transport in the pilot tank.

Mohsin and Kaushal [16] used the Volume of Fluid (VOF) model to validate the invert trap
efficiency for sewer solid management. VOF model is used because it is suitable for free surface flow
and it coupled with the DPM model which is used to determine the sediment trapped. Realizable k-¢
is used as a turbulence model. As a result, the CFD model closely fits the experiment data.

This study aims to determine the sediment deposition area and accumulation in pump sump.
Most of the researchers are conducted the sediment transport in the pipeline. However, the most
appropriate models will be chosen based on similar research about sediment transport or particle
tracking in fluid flow.

2. Methodology

Parameters that used in the simulation has been identified first such as velocity, flow rate, particle
diameter and particle density. The model has been made based on the real physical model and 3D
modelling have been developed by using Solidworks 2017. There is two water level that has been
used in this study which is a minimum water level and normal water level. Unstructured grids and
the tetrahedral mesh were used. The mesh has 1.13 million and 2.5 million elements for minimum
and normal water level respectively.

For boundary condition, no-slip boundary condition was applied at walls and pressure-outlet at
the outlet. At the inlet, velocity-inlet with velocity of 0.007m/s, 0.037m/s and 0.071m/s was used for
both water level. Initial studies show that the standard k-€ and RNG k-¢ has good agreement for
swirling and vortex flow application while the realizable k-¢ model performs better in the complex
flow [8, 17, 18]. Therefore, the realizable k- model is used for the turbulence model. After that, the
DPM is activated and the particle is released at the inlet surface of the pump model. Three particle
sizes are used which is 800um, 425um and 150um with a density of 1450kg/m?3.

3. Results

Simulation has been analysed by using two different water level which is normal water level and
minimum water level. Furthermore, each of water level is divided into three cases where there is
three value of inlet velocity which is 0.007m/s, 0.037m/s and 0.07 m/s. Three are different particle
sizes were injected for each velocity which is 150um, 425um and 800um.

3.1 Sediment Deposition Area for Minimum Water Level
3.1.1 Case 1 — Velocity 0.007m/s with difference particle sizes

Most of the particles are deposited at Zone 1 for particle size 800um. For particle 425um, the

deposition area still at the Zone 1 but there is some of the particles are deposited at Zone 2. While
for the particle size of 150um, the deposition area started scattered from Zone 1 to 3.
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(c)
Fig. 1. (a) Velocity 0.007m/s with particle size 800um. (b) Velocity
0.007m/s with particle size 425um. (c) Velocity 0.007m/s with
particle size 150um

3.1.2 Case 2 — Velocity 0.037m/s with difference particle sizes

Compared to Case 1, the deposition area for particle size 800um more dispersed from Zone 1 to
2 and the particle that transported to the suction pipe are slightly increased. For particle size 425um,
the deposition area of the particle same as 800um but the particle transported for 425um is more
compared to 800um. Contrast to the particle size of 150um, most of the particle is transported into
the suction pipe but there still have a few amounts of particle deposited at Zone 2, 3 and 4.
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Fig. 2. (a) Velocity 0.037m/s with particle size 800um. (b) Velocity
0.037m/s with particle size 425um. (c) Velocity 0.037m/s with
particle size 150um

3.1.3 Case 3 — Velocity 0.071m/s with difference particle sizes
The particle transported and deposition area for 800um for this case are almost same as Case 2
but the particle is more dispersed compared to Case 2. For particle size 425um, most of the particle

deposited at Zone 2 and 3. Furthermore, the particle transported to the suction pipe is higher and
there are only a few particles deposited at Zone 2.
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Fig. 3. (a) Velocity 0.071m/s with particle size 800um. (b) Velocity

0.071m/s with particle size 425um. (c) Velocity 0.071m/s with
particle size 150um

3.2 Sediment Deposition Area for Normal Water Level
3.2.1 Case 1 — Velocity 0.007m/s with difference particle sizes

A particle with size 800um shows that most of the particle deposited at Zone 1 and 2. When
smaller particle injected to the pump sump with size 425um, the particle start moves and deposited
forward to Zone 3 and 4. The particle transported into the suction pipe is increased. When particle
sizes 150um is injected, a particle that transported to the suction pipe is increased and the particle
that deposited is reduced. There are some of the particle deposited at Zone 3 and 4.
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Fig. 4. (a) Velocity 0.007m/s with particle size 800um. (b)
Velocity 0.007m/s with particle size 425um. (c) Velocity
0.007m/s with particle size 150um

3.2.2 Case 2 — Velocity 0.037m/s with difference particle sizes

In this case, the inlet velocity has been increased to 0.037m/s. A particle with size 800um shows
that the particle is deposited more scattered from Zone 1 to 4 compared to Case 1. When the particle
size of 425um is injected, most of the particle deposited at Zone 3 and 4. For particle size 150um,
there are only a few particles deposited along the Zone 1 to Zone 3 and most of the particle are
transported into the suction pipe.
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Fig. 5. (a)Velocity 0.037m/s with particle size 800um. (b) Velocity
0.037m/s with particle size 425um. (c) Velocity 0.037m/s with
particle size 150um

3.2.3 Case 3 — Velocity 0.071m/s with difference particle sizes

In this case, higher velocity is used which is 0.071m/s. The particle deposited in the pump sump
decreased more compared to Case 1 and 2. The deposition area for particle size 800pum has moved
forward to Zone 2, 3 and 4. For particle size 425um, there are a few particles deposited at Zone 2, 3
and 4. Besides, for smallest particle size 150um, particle deposited at Zone 3 but in a small amount.
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Fig. 6. (a) Velocity 0.071m/s with particle size 800um. (b) Velocity
0.071m/s with particle size 425um. (c) Velocity 0.071m/s with
particle size 150um

The deposition area for minimum water level is the same as normal water level where when the
velocity is slower, the deposition area of the sediment is located at the Zone 1 and 2 but more at the
Zone 1 especially for particle size 800um. For the smallest particle size which is 150um, the particle
deposited is more and dispersed compared to normal water level. Besides, as can be seen, the
minimum water level has lower particle transported into the suction pipe. This is because of the lower
water depth, the water velocity also decreased [19]. Therefore, the particle is easier to deposit in the
pump sump.
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3.3 Sediment Accumulation

Sediment accumulation is interpreted in percentage in Figure 7 for normal water level and Figure
8 for minimum water level. For normal water level, particle size 800um shows a higher percentage
of particle accumulated in the pump sump especially in the velocity of 0.007m/s where the value is
76%. When particle size 425um is injected into the pump sump, it only gives slightly less percentage
than 800um at slowest velocity 0.007m/s. When higher velocity applied which is 0.037 m/s, the
particle accumulated in pump sump reduces from 61% to 23%. While for the smallest particle size of
150um, there is a huge difference amount of percentage of particle accumulated in pump sump
compared to other particle sizes where there is only 18% particle trapped in pump sump for velocity
0.007m/s. Even in the slowest velocity, the amount of particle that accumulated is very small.

80 75
70
61
60
52

& 50
B 150 pm
E 40 33 W 425 um
(]
@ 30 800 pum
[ 23

20 - 14

]
i I ? I
: l O
0.007 0.037 0.071

Velocity (m/s)

Fig. 7. Percentage of sediment accumulation for normal water level

Contrast to minimum water level, the percentage of particle accumulate is higher especially for
800um and 425um. At velocity 0.007 m/s, percentage of particle trapped for particle size of 800um,
425um and 150um is 90%, 87% and 72% respectively. For particle size 800um, there are only 5%
difference for all velocity which is 90% for 0.007 m/s, 85% for 0.037 m/s and 80% for 0.071m/s.
Besides, for particle size 425um, there are 87%, 76% and 67% of particle accumulated for velocity
0.007m/s, 0.037m/s and 0.071m/s respectively. Hence, there are only 11% and 9% differences. In
addition, for smallest particle injected in pump sump which is 150um, the percentage drop 33% from
72% to 39% for 0.007m/s and 0.037m/s. This shows that different water level, flow and sediment size
influence the sediment accumulation in pump sump. [20]
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Fig. 8. Percentage of sediment accumulation for minimum water level

4. Conclusions

From the study, the percentage of particle accumulated in pump sump is decreased with
increased velocity. Besides, the particle sizes also influence the particle deposition in pump sump.
The bigger size of the particle gives a higher percentage of particle deposited in pump sump. The
smaller particle size which is 150um shows a higher percentage of particle transported to the suction
pipe. This may lead to the sediment erosion to the pump sump or pump blade [21]. Besides, larger
particle size gives a higher percentage of particle deposited especially in lower velocity and the
deposited area located near to the inlet and slope section of pump sump. A higher number of
particles deposited will cause a shortage of capacity in the reservoir [22]. Furthermore, the height of
the water level also affected the percentage of particle transported into the suction pipe. Percentage
of particle deposited in pump sump decreased with an increase in water level in pump sump.
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