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Abstract

Several filtration problem are reported in a centrifugal pump
during operation in both domestic and industrial application.
This problem have leads to membrane fouling that often leads
to pump cavitation and other mechanical malfunctioning.
Membrane technology were reported to be more promising in
filtration process during centrifugal pump operation, though
few problem of membrane fouling are still persisting which
need further investigation. Critical parameters that affect
membrane performance such as transmembrane pressure drop,
pressure variation, density, flow of viscous fluid without
impurities and flow of pure water was tested during modelling
and simulation process. This was done to prevent the current
problem of membrane fouling during pump operation. The
design membrane simulated in this study was tested
theoretically based on the experimental set up of a centrifugal
pump. The testing and simulating process takes into account all
physical parameters that affect membrane fouling during pump
operation. The flow of pure water through the membrane was
modelled theoretically using solid works and the major
variables that impacted the separability was tested for optimal
performance during filtration process without the occurrences
of membrane fouling. The following facts were theoretically
revealed by the simulated results. It was shown that a rapid
decrease in flux was caused by concentration of polarisation
during filtration process. It was also shown that membrane
fouling increase membrane resistance and causes restriction to
the transmission of the pure water and impurities during
filtration. It was also revealed that the smaller the thickness of
the membrane surface, the lower the rate at which the
volumetric flux decreases during filtration. It was also shown
that membrane viscosity increases with increasing pressure
during performance. It was however revealed that pure water
were able to be separated from impurities and the internal
friction forces decreased during pump operation with little
tendency of fouling being reported. It was also revealed that,
although impurities were trapped on the membrane surface
during pump operation, the higher resistance in the membrane
surface the higher the possibility of membrane fouling during
pump operation.

Keywords: Efficiency, temperature, flow rate, evaporator and
stability.
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1. INTRODUCTION

For years now there are several centrifugal pump failure due to
poor filtration process that often leads pump blockage (Reyner
1995). Several design consideration have been done to prevent
centrifugal pump failure during operation such as designing the
pump section with a screen filter in order to monitor fouling
process (Tulleken, 2012). The screen filters also suffer from
blockages due to cake layers that normally build up and need
to be cleaned regular (Tulleken, 2012). The cleaning process is
normally done by either mechanically application for a large
scale screens or manually for small screens depending on the
flow rate of the pump system. Pump blockages are also avoided
by employing macerators which is very expensive and
ineffective due to regular maintenance during usage (Tulleken,
2012). This filtration system are not widely used due to difficult
periodic maintenance that are also very expensive.

In the food and beverage industries, impurities such as
breweries, dairy, meat and fish and hot frying oil usually
blockage the filtration process in a centrifugal pump. The largest
centrifugal pump produced by Verder Pumps South Africa for
the food industry was designed in 2017 to address this current
problem. The designed pump is capable of pumping 8 million
250 ml bottle an hour (Creamer media 2017). The pumping
pressure have their setback during pump operation as pumping
fluids containing substantial liquids, slurries and pastes having
high levels of viscosity which causes blockages/fouling in the
pump during operation. More so, the surface of a centrifugal
pump that works for a longer period of time gets deteriorated
due to fouling, cavitation or erosion are commonly reported
(Sayed & Abdus, 2017). Therefore a proper filtration system
must be design in a centrifugal pump system in order to
minimize the occurrences of fouling during pump operation.

To solve the current problem of random fouling during filtration
process, researchers have redesigned new pumping system
strainers suction and the current problem is still persisting.
Centrifugal pump strainers often get blocked when impurities
gets accumulated on the surface of the strainers during pump
operation. When this happens more serious problem such pump
cavitation, starvation and possible premature failure are
reported (Pushpdant & Prabhash, 2012). Filters are also
reported to have more complicated performance problem than
strainers due to the fact that filter have more chances of
clogging (Kozey, 2012). Improvement on strainer for better
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performance have been done by designing a special strainer that
is used to draw fluid froman open body of fluid, such as a sump,
pond, lake and river was made (Kozey, 2012). The specific
strainer invented contains a bottom guard and a counterweight.
The motivation for this invention was due to the fact that water
is often drawn from an open source which contains debris,
leaves and twigs which interferes with the operation of the
pump. The working principle of this strainer is that the suction
side is attached to the strainer which includes a float to keep the
pipe near the surface of the water. Keeping the pipe near the
surface reduces chances of the pump sucking in the impurities
that lie at the bottom of the open water source. The operational
limitations are not mentioned making the study uncertain.
Other filtration design are also proposed such as Y methods
were used and the system were reported to be efficient during
operation though the problem of fouling persisted during
filtration process (Kozey, 2012). Recently membrane
technology are reported to be more promising with efficient and
stable filtration process though with little fouling being
reported that needs to be controlled (Smarajit, 2016). One of the
advantages of the membrane technology is that it is durable and
more efficient with stable filtration process (Amira, 2019).
However membrane fouling was also reported during the pump
operation due to poor membrane pore sizes characterisation
which need further attention (Amira, 2019). This have often
lead to performance drops in filtration process (Abdelrasoul,
Doan, & Lohi, 2013). In the current study the membrane pore
sizes is being characterised for optimal filtration process. This
was achieved by empirical simulation of the major parameters
that affect membrane pore sizes distribution and efficient
transfer of pure water during pump operation.

1.2 Modelling and Simulation the major parameters in a
membrane system

impurities + water
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-

centrifugal pump
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Figure 1. Proposed simulated membrane filtration system

Figure 1 shows an experimental set up of the membrane in a
pipeline with a centrifugal pipe at the other end. As shown, the
flow, before passing through the filter, contains water mixed
with impurities and on the exit side of the membrane; the water
is clean because all the impurities have been filtered out. The
water comes from a coal plant water sump. The purpose of the
filter is to protect the centrifugal Pump against erosion,
corrosions, blockages, and cavitation. Simulation is done using
solid works and the major parameters are varied during
simulation for optimal performance of the membrane filtration
process and results and presented and discussed.
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Figure 2 (a) Membrane Flux against Time (s) (b) flux against
time (s)

As already stated, the volumetric membrane decreases with
time as, also, shown in Fig.

2. This is caused by the factors, already mentioned, that
increase resistance with respect to time. It is seen that the rapid
flux decrease is caused by both concentration polarisation and
the membrane fouling which increase membrane resistance and
cause a restriction to the transmission of the matter (Mousavi,
Dolati, & Ghaffarian, 2010). However, the smaller the
thickness of the membrane, the slow the rate at which the
volumetric flux decreases. Using the same membrane with a
much lower membrane area yielded a much more stable
membrane and increased time for the membrane to be affected
by fouling. This is explained further by Fig. 3 (a-b).
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Figure 3 (a) Static pressure against iteration
(b) Static pressure against iteration

The static pressure is decreasing with iteration. However, it
decreases until it remains constant at the predetermined static
pressure after the membrane. This is because, as seen from the
tunnel exit, the pressure was predetermined to be atmospheric
which is why it is seen to be constant after the membrane exit.
At this point, it does not matter how many iterations are made
because it was user-predetermined as it is a requirement by
solid works. Even though the flowobjective would be to reach
the atmospheric pressure, the high pressure drop is caused by
the resistance of the membrane because of its thickness and the
scaling of the impurities on the membrane pores.

The inlet pressure into the tunnel was roughly 260 MPa. But,
for the pressure to finally drop to atmospheric as seen at tunnel
exit, there has to be a very high pressure drop in the membrane.
This high pressure drop was caused by a higher resistance
membrane due to thickness, solid particles blocking pores, or
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scaling (RIPPERGER, GOSELE, & CHRISTIAN). As scale
tends to build up on the membrane surface, the flow
experiences a greater resistance to flow and this is what led to
the higher pressure drop. So, the total resistance of such
membrane becomes very high causing a high pressure drop.
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Figure 4: Showing flow trajectory and Pressure variation

As observed, Fig.4 shows the pressure distribution for a
membrane with a high resistance and placed just next to the
tunnel entry. As seen, inthe Fig.4 above, the pressure is higher at
tunnel entry as previously explained. Furthermore, the TMP is
an indication of the fouling taking place with respect to time.
This is due to the combination of sieving, adsorption of
particulates and compound onto membrane surface or within
the pores (Abdelrasoul, Doan, & Lohi, 2013). However
(MUNIR C. , 1998) reported that the flow rate or turbulence,
whether due to pumping or moving the membrane, has
noticeable effect on the permeate flux. This is also the same as
show in the figure above. Furthermore, the advantage of having
such membrane is that, when there is fluid mixing as shown
above, the mixing fluid can sweep away the accumulated
solute, therefore reducing the hydraulic resistance of the cake
and reducing the thickness of the cake (Qusay, Talib, &
Muntaz, 2013).

Assem2.SLDASM [Project(1)
[Default]]

Assem2.SLDASM [Project(1)
[Default]]

40000000

120000

35000000

100000

:

80000

25000000

:

~ =

60000

=——5G Max Static
Pressure 1

3G Max Static

15000000 Pressure 2

Static Pressure [Pa)
Static Pressure [Pa]

40000

20000

A

]

a 20 40

lterations [

60 a 20 40

Herations [

60

Figure 5: Pressure variation for a thinner membrane

As already stated, the pressure was predetermined to be
atmospheric at tunnel exit. As observed in Fig.5 the pressure at
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entry to the tunnel was about 35 MPa which is a decrease from
the one at a higher thickness. As explained previously, the
pressure will drop across the membrane but the drop here will
be very small as opposed to using a membrane with a thicker
membrane thickness. The scientific reason is explained by
(RIPPERGER, GOSELE, & CHRISTIAN). The smaller
thickness results in a lesser membrane resistance which allows
more permeate to pass through the membrane. Even though,
fouling and scaling may build up on the membrane surface, the
pressure drop would be much lesser because the membrane itself
has a lesser resistance. This explains the results found in this
study and (MUNIR A. , 2006). Also, according to the
simulation, a membrane placed at the centre of the water tunnel
revealed that the pressure upstream of the membrane was much
lower than when a membrane was placed next to the water
tunnel. A possible reason for this is that a centred membrane
allows the flow to follow a straight path than a mixed layer
which caused the high pressure upstream a membrane placed
next to the tunnel entry.
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Figure 6: Pressure variation through flow trajectory for a
thinner membrane

Figure 6 shows the pressure variation across the membrane for
a thin membrane. As seen, there is much lesser pressure drop.
This, as already explained, is due to the fact that when there is
lesser resistance, there is little or no force opposing flow. So
the flow is likely to not mix as when there is more resistance
and the membrane moved up.
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4.9 Density and Concentration
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Figure7: (a) Density against iteration (b) Density against
iteration across the flow (thick)

According to a paper by (Said, Sajid, Kamyar, & Saidur, 2013),
a direct proportional relationship exists between density and
concentration. This means that when density increases, the
concentration will also increase and vice versa. With that being
said, it is easier to understand that a membrane filter that has
filtered properly should produce a permeate with lesser
concentration or density. Now, looking at figure 7, itis observed
that prior to the membrane, the density/concentration is
constant. This means that the concentration of the impurities
and water has not changed. However, out of the membrane it is
observed to have changed. This is because the impurities have
been filtered and are on the membrane surface. However, it is
worth noting that, for a membrane with a bigger thickness, the
concentration does not drop that much because of the high
resistance  which opposes  the  permeate  flow
(VLADISAVLIJEVIC, VUKOSAVLJEVIC, & BUKVIC,
2003).
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Figure 8: Density variation across the flow (thin)

As observed from figure 8, a thinner membrane has more
concentration decrease. And, still prior to the membrane the
concentration is constant because at this point, nothing is been
filtered yet. As already explained in this study, this is because
when a membrane has less resistance, there is more permeate
flow out of the membrane. This improves the mass transfer
coefficient, reduces  concentration  polarisation  and
accumulation of retained solutes (VLADISAVLIEVIC,
VUKOSAVLIEVIC, & BUKVIC, 2003). When comparing
figure 8 and figure 7 it is observed that when a membrane has
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less resistance, it has a higher filtering efficiency which explains
why the concentration dropped higher in figure 8 as opposed to
the drop in figure 7.

Assem1.SLDASM
[Project(1) [Default]]

Assem1.SLDASM
[Project(1) [Default]]

15

-
ra

e

-
=]

’“

=——5G Max
Velocity 1

—5G Max
Velocity 2

Velocity [m/fs]
Velocity [mfs]

[=JRNET S

0

50 100

0 20 40

Iterations [ ]

60
Iterations [ ]

Figure 9: Velocity variation across flow (thick)

The velocity results in figure 9 showed that the velocity
increased during the filtration process. This was due to the
decrease of flow area. However, the velocity then continued to
increase towards membrane exit and hit the water tunnel exit
above the initial wvalue at the atmospheric pressure
predetermined at the tunnel exit.
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Figure 10: Velocity flow trajectory (thick)

Studying the velocity profile further revealed that the flow
layers mixed towards membrane entry. This was caused by the
porous medium being placed closer to the tunnel entry. But, as
soon as the flow entered the membrane, layers began to develop
straight flow towards the exit. Since the tunnel exit pressure
was predetermined to be atmospheric, this caused the flow
pressure to decrease towards the tunnel exit. And, viscosity
increases with increasing pressure, however, pressure was
decreasing. This meant that viscosity was decreasing. The
water molecules were now easy to move because the internal
friction forces decreased. The figure 11 below explained this
phenomenon clearly with the circled area showing the
membrane. Although the impurities were trapped on the
membrane surface, as shown below, but higher resistance in the
membrane increased the chances of fouling occurring. Also, the
turbulent flow has an advantage of sweeping the impurities help
onto the membrane as shown below (Qusay, Talib, & Muntaz,
2013).
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Figure 11: Velocity flow trajectory and particle injection
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Figure 12: Velocity variation through the flow

The velocity distribution curve showed that the wvelocity
increase was much higher for the shorter membrane because of
lesser losses. Also, the pressure across the membrane was not
wasted due to having a membrane with lesser resistance. In a
nutshell, the membrane with lesser losses acts a nozzle,
accelerating the flow at membrane exit.
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Figure 13: Velocity variation and the position of the
membrane

The velocity variation in figure 13 shows the variation of the
velocity across the flow and the membrane (circled part). The
flow is a laminar flow with no fluid layer mixing. The
resistance is very low due to smaller thickness of the membrane
as already stated in this study.
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4.10

The current study was aimed at modelling the filtration of a
centrifugal pump to prevent fouling during pump operation. In
order to achieve this a membrane technology was designed and
modelled for optimal performance during pump operation. It
was shown rapid flux decrease is caused by both concentration
polarisation and the membrane fouling which increase
membrane resistance and cause a restriction to the transmission
of the matter. It was also shown that the static pressure is
decreasing with iteration. However, it decreases until it remains
constant at the predetermined static pressure after the
membrane. It was also revealed that when the membrane is
placed at the centre of the water tunnel, the pressure upstream
of the membrane was much lower than when a membrane was
placed next to the water tunnel. It was also observed that the
velocity profile further revealed that the flow layers mixed
towards membrane entry during pump operation. This was
caused by the porous medium being placed closer to the tunnel
entry. It was also revealed that, as soon as the flow of fluid
entered the membrane, layers began to develop straight flow
towards the exit. Since the tunnel exit pressure was
predetermined to be atmospheric, this caused the flow pressure
to decrease towards the tunnel exit. It was also shown that the
viscosity increases with increasing pressure, however, pressure
was decreasing. Although the impurities were trapped on the
membrane surface, as shown below, but higher resistance in the
membrane increased the chances of fouling occurring.

Conclusion and Recommendation
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