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fluid. For the experimental data, the analysis of the fluid flow characteristics and
efficiency of the centrifugal pump was conducted by using the simulation to observe
its characteristics and efficiency in the centrifugal pump that cannot be observed by
experimental. The simulation on CFD modelling is acceptable which has the difference
between experimental and simulation below 20%. The efficiency of the simulation was
29% meanwhile the efficiency for the experimental was 45%. Then, the pressure and

Keywords: velocity for simulation at 7m3/h flowrate were 421Pa and 35.0m/s, respectively.
Centrifugal pump; fluid flow However, the pressure and velocity for pump specification at 12m3/h were 1090Pa
characteristics; pump efficiency; and 47.8m/s, respectively. Therefore, it can be concluded that the fluid flow
pressure; velocity characteristic which is pressure and velocity, and their efficiency can be identified.

1. Introduction

In this research, the aim in conducting this project is to investigate fluid flow characteristic in the
centrifugal pump and to determine the efficiency of pump. Water tank is an indirect system which
means the water supply is supplied at the water meter through the service pipe to the water tank
[1]. The function of water tank is to supply the water to various plumbing in Tun Dr Ismail Residential
College such as toilet, bathroom, laundry room and tap pipes [2]. For water supply in college requires
a pumping system as usually the pressure in the public pipe is insufficient to reach the water storage
tank. The storage tank that used at Tun Dr Ismail Residential College have capacity about 320 kilo
gallons.
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For pumping system, it requires sufficient energy to deliver water throughout the pipeline. A
pump is a mechanical device for moving a fluid from a lower to a higher location, or from a lower to
a higher-pressure area [3]. A pump can be further defined as a machine that uses several energy
transformations to increase the pressure of a liquid. Regenerative turbine pump is a type of
centrifugal pump that uses a rotating impeller to increase the velocity of the fluid. These pumps work
on a very simple mechanism. A centrifugal pump converts rotational energy, often from a motor to
energy in a moving fluid.

There are two main parts that responsible for the conversion of energy are the impeller and
casing. The impeller is the rotating part of the pump, and the casing is the airtight passage which
surrounds the impeller. In a centrifugal pump, the fluids enter the casing and falls on the impeller
blades at the eye of the impeller. Then it is whirled tangentially and radially outward until it leaves
the impeller into the diffuser part of the casing. While passing through the impeller, the fluid is
gaining both velocity and pressure.

In college also provide suction tank that is a tank installed in combination with a pump. The
require energy for the system is provided by the pump [4]. If the energy is not enough to deliver the
water, it is providing disruption of water supply in the pipelines such as the current problem happen
at Tun Dr Ismail Residential College. Hence, our group decided to study the energy required to pump
through a pipeline. The focus is the use of computer software and data modelling to simulate and
analyze the structure and efficiency of centrifugal pump.

The various parameters affect the pump performance and energy consumption [5]. In this study,
the performance of impellers with the same outlet diameter having different outlet blade angles is
thoroughly evaluated. The numerical solution of 3D, incompressible Navier-Stokes equations over an
unstructured and non- uniform grid is accomplished with a commercial CFD finite volume code. At
high flow rates, the increase of the outlet blade angle causes a significant improvement of the
hydraulic efficiency. So, through this paper one can know about the effect of outlet blade angle on
performance of centrifugal pump. The numerical simulation of centrifugal pump having 200 m3/hr
capacity using commercial CFD package FLUENT [6].

The simulations were carried out at six different operating points between 30% to 110%
discharge, to cover the wide range of operation. It was also observed that the pressure rise was quite
gradual and uniform at rated and overrated discharge, but it was non- uniform at partial discharge.
The variation of velocity is quite uniform at rated discharge compared to part load & overrated
discharge. It was found that k-w SST turbulence model provides better results compared to RNG k-€
model. With increase in discharge, Head decreases, Power input increases and Efficiency of Pump
increases. Efficiency is maximum at duty point, after this point as discharge increases, efficiency of
pump decreases.

It modelled a centrifugal pump impeller and solved using computational fluid dynamics, the flow
patterns through the pump, performance results, circumferential area averaged pressure from hub
to shroud line, blade loading plot at 50 % span, stream wise variation of mass averaged total pressure
and static pressure, stream wise variation of area averaged absolute velocity and variation of mass
averaged total pressure contours at blade leading edge and trailing edge for designed flow rate are
presented [7]. The pressure contours show a continuous pressure rise from leading edge to trailing
edge of the impeller due to the dynamic head developed by the rotating pump impeller.

It shows role of CFD in analysis of Centrifugal pump. CFD technique has been applied to carry out
different investigations on centrifugal pumps viz. performance prediction at design and off-design
conditions, parametric study, cavitation analysis, diffuser pump analysis, performance of pump
running in turbine mode etc. Unsteady Reynolds Average Navier Stokes (URANS) equations together
with two equation k-g turbulence model was found to be appropriate to get a reasonable estimation
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of the general performance of the centrifugal pump, from an engineering point of view, with typical
errors below 10 percent compared with experimental data [8].

Impeller and diffuser flows have been studied extensively and volute flow study has appeared as
an interesting research field for further improvement of the pump performance. The most active
areas of research and development are the analysis of 2-phase flow (cavitation and slurry flow), pump
handling non- Newtonian fluids and fluid—structure interaction. CFD approach provides many
advantages compared to other approaches; however due to the empirical nature of solution
technique validation with experimental results is usually recommended. Based on our site visit at the
TDI residential college, the pump that had been used there is Regaling pump with the model RGV8-
4. Pipe flow under pressure is widely used and have a lot of purpose. As we can see in the industries,
the huge flow of transport is necessary to get continuous flow of the fluid from the different
processing unit. The Regaling type of pump is manufactured from the stainless steel and had using
the latest technology to provide a single pump solution to high pressure applications.

Its precise engineering ensures easy installation with no alignment problems and is ideal for
energy saving. Furthermore, it can operate with the capacity of 2-160m3/h, normal temperature is
between -15°C to 70°C, maximum operating pressure is 10 bar and the altitude can be achieved up
until 1000m. This pump has been introduced to many applications such as industrial, fire protection,
booster system, air conditioning and boiler system. However, the calculation performed will not be
exactly accurate as the functioning pipe at the site. This is because there are another factor affecting
the flow in the pipe such as head losses.

2. Methodology

In the simulations analysis by using ANSYS 19.2, there have several steps that must be followed
to make sure the analysis running smoothly without facing any problem. To make sure that we get
the accurate value for the simulation’s analysis, we must get the certain important of parameters
that might be used in the analysis when we try to run the simulation.

This chapter comprises study on method of implementing the project entirely. In addition, this
section will focus on the procedures and method used to determine the efficiency of a pump. The
methodology was design to achieve the objectives.

To determine the fluid flow characteristic, there are required a specific computer software and
certain fluid dynamic equation to measure and identify the flow characteristic. Computational fluid
dynamic software plays the main role to determine the flow of fluid. It can help the researchers to
determine the fluid flow in the flowrate in a pump by the simulation. This experiment is conducted
at Tun Dr Ismail Residential College (TDI) in UTHM and focusing on water pumping system. The main
objective in this experiment is to identify the effectiveness of water pumping system in TDI. This
experiment is related to the formula as shown below [9,10]:

Water housepower

Pump Efficiency,n =
ump Ef ficiency,n Housepower of pump W

H
Water housepower, WHP = Fﬁ?{] 2)

Where:

H = Change in pressure measured in height of water in feet
Q = Water flowrate in gallons per minute
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To get all the information, this study needs to make a site visit. The equipment’s have been used
to get the data have stated as Figure 1 below:

Fig. 1. The equipment (a) Measuring tape (b) Digital thermometer

Measuring tape is used to measure the dimension of pipe. To get an accurate drawing in Solid
works software, the pump needs to be measured detailed. This type of measuring tape is used
because it flexible and suitable to measure the pump. thermometer was used to measure the
temperature of water inside and outside the pump. The temperature will be used as the boundary
conditions in simulation. To get the temperature reading inside the pump, a valve needs to open and
allowed it to flow out. The thermometer will put at the flow water and the reading will be recorded.

2.1 Geometry Creation

The first step involved in this stage is to define a suitable geometry in which the fluid problem is
to be analyzed. Defining the geometry can be achieved by replicating a known dimension such as
length and all the importance parameters follow with the actual project of the pump through
SOLIDWORKS software.

a b Centrifugal pump
impeller

Water outlet T

Centrifugal pump
chasing

Water inlet

Fig. 2. Geometry (a) 3D modelling of centrifugal pump (b) Centrifugal pump details

2.2 Meshing

Meshing plays an important role for any simulation to be done in the computer simulation. The
qguality of the mesh is crucial since it will determine the results where it influence the accuracy,
convergence, and the speed of the solution. There are few methods to obtain the most quality
number of meshing [11].
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In this analysis started with global meshing control which is based on the geometry study.
Automatics method was chosen as meshing method since it gives the shortest time in meshing. Next
is, control the meshing sizing which by selecting the body of the geometry and the element sizing
was determine by applying grid independence test (GIT), to produce more accurate meshing process.
On the meshing, we get the node about 7231while the total of element is 23600. The face meshing
for this centrifugal pump that involve is eight faces. For physics preferences, it set in the
Computational Fluid Dynamics (CFD) and the solver preference is in fluent.

—— o AP

= Connony (VT VoY Vet Vo

Fig. 3. Geometry (a) The geometry of centrifugal pump (b) The meshing

2.3 Boundary Condition

The model that has been defined the physical modelling is then be applied by boundary
conditions to cell faces in the form of a flux adjacent to an inlet or outlet or wall such as temperature,
pressure, and velocity profile. This involves specifying the fluid behaviour and properties at the
boundaries of the problem.

To run the simulation, the value of parameter setting need to know first. In the parameter are
included density, velocity, pressure, area, revolution per minutes (RPM) of inlet pump. This value
needs to be calculate using the information from specification of the centrifugal pump.

Before defining the value of parameter to run the simulation, the information of the centrifugal
pump is show in Table 1.

The volume flow rate of the centrifugal pump is 0.0194 m3/s generated by 2,900RPM of the blade
motor. The area of boundary is only involved inlet and outlet of centrifugal pump.

Table 1

Information of REGALINE water pump RGV8-4
Rotational of blade w (RPM) 2900
Temperature of water °C Inlet: 30

Outlet: 29.5

Q flowrate, volume (m3/s) 0.0194
Pressure, P (kPa) 20

Time taken to fill up tank (1 tank), t 4 hours
Diameter of inlet pump, d1 (m) 0.048

From the information at Table 3, we can determine the inlet velocity using formula:
Velocity, v, = —
Yy, A

(3)

Area of inlet centrifugal pump, A, = nr? (4)
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Where:
Q = Volume flowrate (m3/s)
A = Area of inlet centrifugal pump (m2) r = Radius of inlet centrifugal pump (m)

From Equation 4, we can obtain area of inlet centrifugal pump as expressed below:

A, = (0.024)
— 1.809 x 1073

Therefore, substitute value of into Equation 3:

0.0194

~1.809 x 10-3
= 10.71ms~ !

L1

3. Result and Discussions

The results and discussions of this research work are presented here in this chapter. The
discussion has been discovered with the explanation to summarize the results obtained from the
simulation. This discussion is further with several sets of data from the simulation to enable us to
solve the residential college pump performance. Data about pressure and velocity are extracted in
the simulation for the centrifugal pump and being discussed in this chapter.

From the result obtained from the simulation, we get the value of pressure from the results in
range of minimum that is -75 Pa and for the maximum we get 421 Pa. The value of the pressure
obtained from the simulation are in the range and are proved to be accepted. The Figure 4 below
shows the simulation results of pressure contour distribution in the centrifugal pump. This result
used the flowrate, Q = 7 m3/h as the inlet boundary condition. Based on Figure 4, the result obtained
on the specs simulation, we get the value of the pressure in the range of -75 Pa and for the maximum
is 1090 Pa. The maximum pressure for the specs simulation is quite high compared to the simulation
result may be due to its different boundary condition. This simulation used the flowrate, Q =12 m3/h
as the inlet boundary condition.

a Contours of Static Pressure (pascal) ® b Contours of Static Pressure (pascal) X\
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C Contours of Velocity Magnitude (m/s) . d Contours of Velocity Magnitude (m/s)

{

7

Fig. 4. Result (a) Pressure contour for centrifugal pump (b) Specs simulation (c) Velocity contour for
centrifugal pump and (d) Velocity contour for specs simulation

Table 2

Validation by comparing simulation and specs results
Parameter Simulation (Q=7 m>/h) Specs (Q=12m3/h)
Pressure 421 Pa 1

Velocity 35.0 m/s 2

3.1 Streamline of the Simulation

The streamline of the simulation is a crucial element in this study because it shows the result
obtained are accurate. Other than that, it shows the flow behavior inside the centrifugal pump itself.
From the result obtained, it illustrates the flow of the fluid inside the pump from inlet to the outlet
as our study focus on velocity on the outlet. For the velocity, we get 6.486 m/s in simulation
compared to the specs velocity which is 9.788 m/s. Figure 5 shows the velocity streamline of the
centrifugal pump.

00078

(a) (b)
Fig. 5. Result (a) Velocity streamline for 3D view (Simulation) (b) Velocity streamline for specs
simulation

3.2 Pressure, Turbulence and Velocity Contour for Flowrate, Q=7m?3/h
The simulation has been done by using the flowrate, Q = 7 m3/h. Based on the result, it shows

that the range for static pressure of the pump is between -75 Pa until it reaches the maximum value
421 Pa. The result of static pressure is illustrated in Figure 6(a). Figure 6(b) shows the turbulence
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result of the pump by using the 7m3/h flowrate. It shows that the minimum value is 0 until it achieves
the highest state which is 53.9. The value for the turbulence of pump is in the range and are proved
to be accepted. Based on the Figure 6(c), it illustrates the velocity contour of the centrifugal pump.
The difference of range between minimum and maximum value of velocity is slightly difference. From
the simulation, it shows that the value for velocity is between 0.95 m/s to 35 m/s when it achieves
the maximum state.

Contours of Vielocty Magnitude (my's)

Fig. 6. Result (a) Static pressure of the pump (b) Turbulence result of pump and (c) Velocity of the pump
3.3 Pressure, Turbulence and Velocity Contour for Flowrate, Q=9m3/h

The simulation has been done by using the flowrate, Q = 9 m3/h. Based on the simulation, it
shows that the static pressure is in the range of -67 Pa to 674 Pa. Figure 7(a) illustrate the pressure
contour for simulation result. Figure 7(b) shows the turbulence result of the pump by using the 9m3/h
flowrate. It shows that the minimum value is 0 until it achieves the highest state which is 60.9. The
value for the turbulence of pump is in the range and are proved to be accepted. Based on the Figure
7(c), it illustrates the velocity contour of the centrifugal pump. The difference of range between
minimum and maximum value of velocity is only slightly difference. From the simulation, it shows
that the value for velocity is between 0.95 m/s to 41.1 m/s when it achieves the maximum state.
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Fig. 7. Result (a) Static pressure of the pump (b) Turbulence result of pump and (c) Velocity of the pump
3.4 Pressure, Turbulence and Velocity Contour for Flowrate, Q=11m3/h

The simulation has been done by using the flowrate, Q = 11m3/h. Based on the simulation, it
shows that the static pressure is in the range of -64.7 Pa to 987 Pa. The difference of pressure
between minimum and maximum is quite high maybe due to several factor.

Figure 8 illustrate the pressure contour for the simulation result. Table 3 shows the turbulence
result of the pump by using the 11m3/h flowrate. It shows that the minimum value is 0 until it
achieves the highest state which is 68.4. The value for the turbulence of pump is in the range and are
proved to be accepted. Based on the Figure 4-15, it illustrates the velocity contour of the centrifugal
pump. The difference of range between minimum and maximum value of velocity is only slightly
difference. From the simulation, it shows that the value for velocity is between 0.95 m/s to 46.6 m/s
when it achieves the maximum state.

Table 3 shows the results for the different flowrate used in this simulation and for the flowrate
of 12 as the reference that comes from the specs. From the results obtained, it shows that the value
of pressure, turbulence and velocity increased when the number of flowrates increased.
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Fig. 8. Result (a) Static pressure of the pump (b) Turbulence result of pump and (c) Velocity of the pump

Table 3

Result for different flowrate
Flowrate, Q Velocity, V Turbulence Pressure,P Percentage difference
(m3/h) (m/s) (Pa) (%)
7 35.0 53.9 421 26.8
9 41.1 60.9 674 14.0
11 46.6 68.4 987 2.5
12 47.8 69.9 1090 (reference)

3.5 Pump Efficiency

From the results of simulation, we obtained the pump efficiency is 29 % while for the
experimental results for pump efficiency is 45 % after 5 years used in the residential college.

Pressure, p = 2 bar
=200 kPa

Flowrate, Q = 7m3/h
=0.00194444m3/s

Power, P =1.5 kW
P=Tw

1500 =T (2900)
T=0.517

V = 6.486 (from simulation) converts to w=2580.691rpm
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_ Po’
=74
(200kPa)(0.00194444)

= (0.517)(2580.691) x100%
=29%

4. Conclusions

The model of centrifugal pump has been developed to investigate the fluid flow inside pump at
Tun Dr Ismail Residential College. It was simulated to investigate the structure in centrifugal pump
according to the parameter. The data for pressure and velocity of centrifugal pump were obtained
from the simulation. From the simulation, the pressure and velocity of flowing fluid in the centrifugal
pump was in the acceptable range. Then, we also obtained that the efficiency of the centrifugal pump
was 45% after 5 years use it.

Thus, the model has been successfully captured the fluid flow in centrifugal pump. The present
work has made a useful contribution to study the flow of fluid in the centrifugal pump at Tun Dr Ismail
Residential College. Therefore, it can be concluded that this study has achieve the objective which to
investigate the fluid flow characteristic and its efficiency in the centrifugal pump.
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