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Abstract

Various studies and observations have been carried out to produce a turbine design that suits
the needs and the relatively low flow speed is a challenge that currently still requires further
research. The aim of this research is to determine the effect of variations in the width of the
bowl blade on the vertical shaft kinetic water turbine power. The research method used is an
experimental method with an experimental design on a laboratory scale. Tests were carried out
on three variations of blade width, from the results of the study it can be concluded that
increasing the water flow rate, turbine rotation, and the ratio of tangential speed to the turbine
blade width can increase the kinetic water turbine power. In this study, variations in blade width
were 10 cm, 11 cm, and 12 cm. Increasing turbine blade sheets increased turbine power due to
the additional mass of the flow hitting the turbine blades thereby affecting the kinetic water
turbine power. Analysis of the water flow rate shows that the maximum turbine power occurs
at a blade width of 12 cm and a discharge of 0.017 m3/second with a turbine power value of
25.455 Watt. Analysis of turbine rotation, Maximum turbine power occurs at a blade width of
12 cm and rotation of 80 rpm with a turbine power value of 23,864 Watts. Meanwhile, analysis
of the tangential speed ratio shows that the maximum turbine power occurs at a blade width of
12 cm and at a tangential speed ratio of 0.5 rad/s2 with a turbine power value of 23,864 Watts.
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Introduction

Currently, the use of fossil fuels in the form of liquid or gas is the main source of energy to
produce electricity(International Energy Agency, 2019). However, the use of fossil fuels
contributes badly to the environment, such as global warming(Badrul Salleh, Kamaruddin and
Mohamed-Kassim, 2019). Besides, energy demand continues to increase and causes energy
scarcity(Indexed et al., 2018). The impact arising from the use of fossil energy has directed
attention to a new era in finding new and renewable energy sources as efficient and sustainable
sources of electricity production.(Fouz et al., 2019). The kinetic energy source of water is
present as one of the most advanced renewable energy sources that can be developed ina simple
form and has great potential in reducing energy crises and adverse impacts on the
environment(Aghsaee and Markfort, 2018).

Hydrokinetic energy is an energy source available in the rivers and waterways with enough
water velocity to move the kinetic turbine blades in the range of 0.5 m/s - 2.5 m/s(Guerra and
Thomson, 2019),(Els and Junior, 2015). Hydrokinetic technology is based on the technique of
converting the kinetic energy of water, such as rivers, into mechanical energy and becoming a
promising future technology. There are fewer adverse effects of hydrokinetic technology on
the environment than conventional turbines because it requires less building construction(Saini
and Saini, 2020). This particular technology is unlike conventional power plants where the
efficiency of the kinetic turbine does not depend on the Betz limit, which gives a theoretical
maximum efficiency value of 59%(Niebuhr et al., 2019).

Kinetic turbines can be divided into two groups, namely vertical and horizontal
shafts(Holanda et al., 2016). Some of the advantages of the vertical shaft kinetic turbine are
that it does not require a water level, the density of the generated energy is greater, and the
installation or maintenance of generators is easier(Aghsaee and Markfort, 2018),(Santos et al.,
2019). However, kinetic turbines still have drawbacks, such as unstable rotation and low
efficiency(Tjiu et al., 2015),(Giorgetti, Pellegrini and Zanforlin, 2015),(Rudy Soenoko,
Setyarini and Gapsari, 2018). Therefore, many studies have been conducted to improve the
performance of vertical shaft Kkinetic turbines, both experimentally and by numerical
methods(Soenoko and Gapsari, 2018),(Patel, Eldho and Prabhu, 2018). In this study, testing
was carried out on the vertical shaft kinetic turbine with three variations of blade width. Kinetic
turbine testing aims to determine the effect of the variation of the blade width on the kinetic
turbine power.

Literature Review

Definition of Kinetic Turbine

Kinetic turbine isa device that can produce mechanical energy in the form of shaft rotation with
depending on the velocity of the water flow from the river and utilize the kinetic energy of
water, ether kinetic energy of the water is then converted into mechanical energy in the turbine
which is used to drive the generator so that it becomes electrical energy(Boedi et al., 2017).This
turbine is very appropriate for use in flat areas that have river flows, especially rural areas(Yani,
Mihdar and Erianto, 2017). Until now, there are two types of kinetic turbines known, namely
kinetic turbines with a horizontal shaft and kinetic turbines with a shaft(R. Soenoko, Setyarini
and Gapsari, 2018). The turbine used in this study is a kinetic turbine whose shaft is placed
vertically.
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Kinetic Turbine Working Principle

This Kinetic tile utilizes the speed of water flow from the river, the water flowing past the
blades experiences a change in momentum which can provide a pushing force on the blades so
that the runner rotates. Here, the kinetic energy of the water changes into mechanical energy in
the turbine which is used to drive the generator so that it becomes electrical energy. Where the
energy change occurs in the turbine blades.In a vertical shaft kinetic turbine the water directly
hits the blades on one half of the turbine wheel while the other half also gets hit but not as much
as the first half so the turbine can still spin.(Yani, Mihdar and Erianto, 2017).

Kinetic Turbine Performance

The parameters that showed the kinetic turbine performance in this study were the power
of the turbine. The power of the kinetic turbine could be determined by equations 1 to 3.(Yani,
Septiani and Muliawan, 2020)
Turbine Power (Pt)

The power produced by kinetic turbines is water power that can be utilized or converted to
mechanical energy on the shaft. Kinetic turbine power can be calculated by equation 1.(Yani,
2017)

P=T.w 1)
where :
Pi= Turbine power (Watts).
T = Torque (Nm).
w= Angular velocity (Radian/s).
Torque can be calculated using equation 2.(Boedi et al., 2017)(Yani, 2017)

T=F.R (2)
where :

T = Torque (Nm).

F = Force, (N)

R = Pully radius, ( m)

Angular velocity was attained by calculation using equation3.(Rudy Soenoko, Setyarini and
Gapsari, 2018)

2.T.n

W= — 3
where :

w= Angular velocity (Radian/s).

n = Turbine rotation (rpm)

Research Method

This research was carried out using a laboratory scale experimental method using a vertical
shaft Kinetic turbine by testing variations in bowl! blade width to determine the optimal Kinetic
turbine power.The parameters that indicate kinetic turbine power in this study can be
determined using equations 1 to 3.Installation of a vertical shaft kinetic turbine research tool
as shown in Figure 1.
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Figure 1. Kinetic turbine research installation

Notes of Figure 1:
1. Water pumps
2. Suction pipe
3. Water discharge valve (discharge tuner)
4. Flowmeters
5. Water channels
6. Flowatch
7. Water flow steering
8. Force load adjustment lever stand
9.SpringBalance
10. Force load adjustment lever
11. Ropes
12. Turbine blades
13. Tachometers
14. Pully
15. Turbine runners

Testing variations in the width of the blade bowl on the kinetic turbine as shown in the
following figure:

| 12CM |
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\‘“\::t\_‘_\ =3MM //I//
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”‘\—1___“ f__._r—"'—'

Figure 2. Variations in the width of the bowl blades studied
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The variables used in this study consist of:

a. The independent variables are:
1. Water discharge: 0.013, 0.014, 0.015, 0.016, and 0.017 m3/s
2. Pully radius: 0.13 m
3. The turbine rotation is conditioned to be constant at 100, 80, 60, 40, 20 and O rpm/s.
4. The width of the bowl blades is 10 cm, 11 cm and 10 cm as shown in figure 2.
b. The dependent variable of this research is kinetic turbine power.
c. The Controlled Variables of this research are:
1. The turbine rotation is determined to measure the amount of force (90 rpm, 70 rpm, 50
rpm, 30 rpm, and 10 rpm).
2. Number of blades 8 pieces.
3. The flow direction angle is conditioned to be constant at 250.
4. The angular position of the turbine blade is 100 backwards
Research procedure

The procedure of this research are:

1. Prepare and install all research installations.

2. Install the measuring tools needed.

3. Check the condition of measuring instruments and other supporting tools.

4. Varying the width of the turbine blade according to what has been set is 10 cm, 11 cm

and 12 cm.

Turn on the pump to distribute water.

6. Adjust the variation of water flow rate according to variations, namely 0.013, 0.014,
0.015, 0.016, and 0.017 m3/s.

7. Measure the rotation of the turbine shaft with a tachometer without load first. Next,
measure the rotation of the turbine shaft with the load applied slowly by turning the
force load adjustment lever until it meets the varied rotation, namely 100 rpm, 80 rpm,
60 rpm, 40 rpm, 20 rpm and O rpm.

8. Tests on a blade width of 10 cm were carried out three times to obtain accurate test
data.

9. Repeat steps number 1 to 8 with varying blade widths of 11 cm and 12 cm.

10. Process and analyze the research data obtained to determine the relationship between
the research variables that have been determined.

11. Draw conclusions from the results of the research conducted.

o

Results and Discussion

The relationship between flow rate and kinetic turbine power.

The relationship between discharge and kinetic turbine power for the three blade width
variations is shown in Figure 3.
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Figure 3. Relationship between water flow rate and turbine power at three variations in blade
width.

Figure 3 caption: (a). Rotation 100 rpm, (b). Rotation 80 rpm, (c). 60rpm rotation,
(d). 40 rpm rotation, (). 20rpm rotation.

In Figure 3 it can be seen that increasing the water discharge in the turbine channel can
increase the kinetic turbine power. In this study, three variations of blade width were given,
namely 10 cm, 11 cm, and 12 cm. The maximum Kkinetic turbine power occurs at a blade width
of 12 cm, then decreases at a blade width of 11 cm and the lowest power occurs at a blade
width of 10 cm. Turbine power is very dependent on the amount of torque and angular speed,
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the amount of torque is influenced by the rotation of the turbine, so that at high rotation it
produces a large force and this force affects the torque. Meanwhile, the angular speed is
influenced by the turbine rotation and the turbine rotation is very dependent on the mass of the
flow hitting the turbine blades.

The water discharge is influenced by the water speed and the area of the turbine blades,
while the area of the blades depends on the size of the blades. so that the water discharge affects
the mass flow, turbine rotation and torque. The greater the turbine rotation and the water
discharge provided, the more kinetic turbine power will increase. The blade width affects the
kinetic turbine power, the wider the blade size, the kinetic turbine power increases due to the
additional mass of the flow hitting the turbine blade so that the resulting tangential force
increases and the tangential force affects the torque and kinetic turbine power. Maximum
turbine power occurs at a blade width of 12 cm and rotation of 80 rpm and discharge0.017
m3/second with a value of 25.455 Watt.

The relationship between turbine rotation and kinetic turbine power.

The relationship between turbine rotation and kinetic turbine power at the three blade
width variations is shown in Figure 4.
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Figure 4. The relationship between turbine rotation and turbine power at the three blade width
variations.

Caption for figure 4: (a). Water flow rate 0.013 m3/s, (b). Water flow rate 0.014 m3/s, (c). Water
flow rate 0.015 m3/s, (d). Water flow rate 0.016 m3/s, (e). Water flow rate
0.017 m3/s.

In figure 4 it can be seen that increasing the turbine rotation and flow rate in the turbine
channel will increase the turbine power. In this study, three variations of blade width were
given, namely 10 cm, 11 cm and 12 cm. Based on Figure 4, the maximum turbine power occurs
at a blade width of 12 cm, then decreases at a blade width of 11 cm and the lowest power occurs
at a blade width of 10 cm. Turbine power is very dependent on the amount of torque and angular
speed. The amount of torque is influenced by the rotation of the turbine, so that rotation with a
large value will produce a large force and this force affects the torque. Meanwhile, the angular
speed is influenced by the turbine rotation and the turbine rotation is very dependent on the
mass of the flow hitting the turbine blade.

The water discharge is affected by the speed of the water and the area of the turbine blade,
while the area of the blade depends on the size of the blade. so that the water discharge affects
the mass flow, turbine rotation and torque. The greater the turbine rotation and the water
discharge given will increase the turbine power. The width of the blades affects the power of
the kinetic turbine, the wider the size of the blades, the more Kkinetic turbine power increases
due to the additional flow mass that hits the turbine blades so that the resulting tangential force
increases and this tangential force affects the torque and power of the kinetic turbine. Maximum
turbine power occursat a water flow rate of 0.017 m3/s, at 80 rpm rotation and a blade width
of 12 cm with a value of 23.864 Watt.

The relationship between the tangential speed ratio and the kinetic turbine power
The relationship between the tangential velocity ratio and kinetic turbine power at the
three blade width variations as shown in Figure 5.
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Figure 5. Relationship between tangential speed ratio and turbine power at three blade width
variations.

Caption for figure 5: (a). Water flow rate 0.013 m3/s, (b). Water flow rate 0.014 m3/s, (c).
Water flow rate 0.015 m3/s, (d). Water flow rate 0.016 m3/s, (e).
Water flow rate 0.017 m3/s.

In Figure 5 it can be seen that increasing the rotation of the turbine runner will increase
the power of the turbine. In this study, three variations of blade width were given, namely 10
cm, 11 cm, and 12 cm. Based on Figure 5, the maximum turbine power occurs at a blade width
of 12 cm, then decreases at a blade width of 11 cm and the lowest power occurs at a blade
width of 10 cm. Turbine power is very dependent on the amount of torque and angular speed.
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The amount of torque is influenced by the rotation of the turbine, so that rotation with a large
value will produce a large force and this force affects the torque. Meanwhile, the angular speed
is influenced by the turbine rotation and the turbine rotation is very dependent on the mass of
the flow hitting the turbine blades. The maximum turbine power occurs 0.017 m3/sec at a
tangential velocity ratio of 0.

Conclusion

From the research results, it can be concluded that increasing the flow rate, turbine
rotation, and the ratio of tangential speed to turbine blade width can increase kinetic turbine
power. In this study, variations in blade width of 10 cm, 11 cm, and 12 cm, the addition of
turbine blade sheets can increase turbine power due to the addition of flow mass that hits the
turbine blade, thus affecting kinetic turbine power. Analysis of the flow rate, the maximum
turbine power occurs at a blade width of 12 cm and a flow rate of 0.017 m3/second with a
turbine power value of 25.455 Watts. Analysis of turbine rotation, maximum turbine power
occurs at a blade width of 12 cm and rotation of 80 rpm with a turbine power value of 23,864
Watts. While the analysis on the tangential speed ratio,
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