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kinetic energy of flowing water. The research seeks to enhance and
evaluate the existing spiral water turbine design, in addition to
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yw assessing the turbine's power production via testing. The mechanism

Spiral water turbine, electricity, and control system were analyzed, and a comprehensive design of the

power generation water turbine was created in SolidWorks. The testing was conducted at

the Sungat Bantang waterfall, with evaluations performed at heights of
0.21m, 0.51m, and 0.87m. The turbine experienced two modes of
operation: half submerged and fully submerged. The analysis of the
findings is based on data collected during testing, which includes water
velocity, current, voltage, and power output. The findings indicated that
power output increases with water velocity as a result of increased
kinetic energy in the flow. In the trials, the turbine's power output
reached 28.99 W, 176.77 W, and 357.11 W under partially submerged
conditions, corresponding to water velocities of 2.03 m/s,3.16 m/s, and
4.13 m/s, respectively. Simultaneously, fully submerged conditions
produced power outputs of 29.74 W, 132.34 W, and 312.34 W,
respectively. Consequently, higher velocity results in increased power.
In conclusion, although it was tested just at the rapid's minimal height
of one meter, the turbine effectively generated energy.

1. Introduction

Water is a vital energy element and can generate renewable energy sources for a sustainable future [1]. Hydro
energy, also known as hydropower, is a type of renewable energy that derives its origin from falling or flowing
water under the influence of gravity. Globally, itis one of the mostimportant sources of energy, contributing nearly
24% to the overall energy mix [2]. Over 15% of Malaysia's energy production comes from hydropower, making it
the country's largest renewable energy source [3]. Hydropower is a flexible method of producing electricity in
addition to being effective at it. Furthermore, the planning of hydroelectric projects heavily considers cost,
underscoring the importance of the project’s financial success [4]. The Archimedes spiral turbine, also known as
a spiral turbine, employs blades shaped like spirals. The architecture of the turbine enables it to effectively harvest
energy from fluid fluxes, be they air or water.

A spiral-shaped rotor with blades intended to capture the kinetic energy of the fluid flow makes up the
structure of a spiral turbine. The turbine's spiral design allows it to efficiently extract energy from the fluid under
a variety of flow conditions, which makes it appropriate for a number of uses, including the conversion of tidal
energy [5]. The spiral water turbine has the ability to generate faster turbine rotation when compared to a
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traditional water intake, indicating the spiral design's efficiency in power generation [6]. Scientists have also
looked at the hydrodynamics of a marine current energy converter with profiling floats and noticed that the spiral
blade has a specific torsion angle and can start itself easily. This shows that it could be used to convert energy
efficiently in marine current energy conversion [7].

The parameters that affect the performance of turbines are similar for both spiral wind turbines and spiral
water turbines, including the number of blades, blade profile, and water velocity. Studies have demonstrated that
altering the number of blades can significantly influence a turbine's power coefficient. However, the study
discovered that adding additional blades will not generate more energy and can instead raise manufacturing and
maintenance expenses [8]. Furthermore, the blade profile significantly influences the performance of the
Archimedes spiral water turbine. A study focused on how the blade angle affected the rotating speed of the various
turbine models. The data clearly show that there is an inverse relationship between the blade angle and the
maximum power coefficient [9]. Next, water’s kinetic energy is an important quantity in many applications related
to fluid dynamics and hydraulics. For example, research indicates that the turbine power output will increase by
3.5 times when the free stream velocity increases from 1 m/s to 1.5 m/s. The power coefficient does not change
even with the increase in input velocity. At velocities of 1 to 2 m/s, the highest power coefficient is approximately
32% to 35%. As aresult, it is believed that selecting a higher current velocity is appropriate for the turbine design
[8].

Several researchers have conducted studies on small-scale hydro turbines in Malaysia, including one study
[10], which explored the potential for small-scale hydropower in Malaysia. It concentrated on two locations:
Gunung Ledang, Tangkak, Johor, and Kg. Tual, Raub, Pahang. The Gunung Ledang site can create 4.75 kW with
Kaplan or crossflow turbines for RM0.159 per kWh, while the Kg. Tual site can generate 266.99 kW with Pelton or
Turgo turbines ata cost of RM0.017 per kWh.

2. Methodology

The procedures started with the fabrication process, a multi-step process that involved acquiring the necessary
materials and tools, followed by assembly before any testing could commence. The next step involved setting up
the electrical connection, which required the power-generating motor to be connected to other components for
proper operation. Following this, the entire system was assembled. Following the assembly process, the test run
confirmed the water turbine's ability to generate energy successfully. The experiment commenced by situating
the water turbine in a location that allows it to operate under both half-submerged and fully submerged
conditions, followed by the measurement of three different heights of the rapid. The experiment then set up the
multimeter to measure the voltage and current outputs from the DC motor. After all readings were taken, the
calculation of the power output was calculated by using the formula related to this study.

2.1 Design and Assembly

Initial steps consist of enhancing the design of the water turbine, followed by the development of electrical circuits
for the purpose of energy generation and storage. Once it is complete, the turbine is put through tests in a real-
world environment. An analytical calculation is eventually performed in order to determine the maximum power
output of the turbine. For the purpose of presenting the results, both the power (in Watts) generated, and the
efficiency of the system will be utilized. In this experiment, the components were then assembled to form a single
system. The energy storage system, gear pulley system, and engine were all acquired. The experimental apparatus
comprised the subsequent equipment and materials:

Table 1 List of apparatus and materials used to build spiral water turbine

List of Equipment and Materials  Amounts (Units)

Fabricated rotor 1
Supporting frame

Ball bearing

115cm of shaft

12V DC motor

500ml waterproof coating spray
Driving gear

Motor gear

Steel chain

Zink sheet

Battery
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Coupling

Connecting wire
Inverter

Solar charge controller

[ S N S N G S

Multimeter

2.2 Power Output Calculation

Next, the formula related to obtaining the results to determine the power generated. The height of a waterfall
directly influences the water's flow velocity. As water descends from a higher altitude, its potential energy
transforms into Kinetic energy as it speeds down. The formula below can be used to compute the velocity of the
water at the foot of the waterfall in accordance with the principle of conservation of energy.

v=,2gh (1)
The quantity of power produced or created by a system or apparatus is referred to as its power output. In
this context, the rotating turbine blades produce mechanical or electrical power, which we refer to as power

output. There are two formulas for determining power output:

e Power output from Betz equation

Av3
Pyt max = 0.5926 X a (2)
Note that invariant 0.5926 is the coefficient variation of maximum power (C,, mqx) or Betz Coefficient.
e Electrical power output
P=1v (3)

2.3 Submersion Condition

The heights of the rapid at the waterfall were chosen to compare the power output depending on the water
velocity. The testing is conducted on two different submersion levels, which are partially submerged and fully
submerged.

(b)
Fig. 1 Submersion level (a) Partially submerged; (b) Fully submerged

3. Results and Discussion

The study evaluates the performance of a spiral water turbine under varying submersion levels and flow
conditions. Tables 2 and 3 display the data from theoretical calculations to determine the generated power output,
as well as the experimental calculations based on Equation 3. The analytical calculations rely on the Betz equation,
which includes parameters such as height, water velocity, and cross-sectional area, while the experimental
calculations utilize water velocity, voltage, and current. The readings of voltage and current were being observed
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while the turbine was operated. The theoretical calculations indicate that the turbine can generate a maximum
output of 136.33 W, 514.23 W, and 1148 W at heights of 0.21 m, 0.51 m, and 0.87 m, respectively. owever, during
the experiment, the turbine's power outputincreased to 28.99 W, 176.77 W,and 357.11 W for partially submerged
conditions, and to 29.74 W, 132.34 W, and 312.34 W for fully submerged conditions. Theoretical outputs
(calculated using the Betz equation) for maximum potential power were substantially higher than experimental
results. For example, at a height of 0.87 m, the theoretical maximum was 1148 W, compared to an experimental
maximum of 357.11 W.

Table 2 Data of theoretical calculation

Height, h Crosssectionalarea,A  Watervelocity,v. Maximum power output, Pout
(m) (m?) (m/s) W)
0.21 0.055 2.03 136.33
0.51 0.055 3.16 514.23
0.87 0.055 413 1148.00

Table 3 Data of experimental calculation

Height v, Voltage (V),V Current (I), A P_elec (P),
(h), m m/s 1 2 3 Avg 1 2 3 Avg w
Half-submerged
0.21 2.03 2.049 1949 2.074 2.024 14.69 1498 1339 1435 28.99
0.51 3.16 4145 4244 4310 4.233 43.61 3878 4298 41.79 176.77
0.87 4.13 5244 5983 6.821 6.016 5843 43.28 76.25 59.32 357.11
Fully submerged
0.21 2.03 1.581 1.643 1581 1.602 19.21 19.21 1735 1859 29.74
0.51 3.16 3.542 3.648 4465 3.885 35.02 32.85 34.18 34.02 132.34
0.87 4.13 7.112 5957 6.824 6.631 4856 4566 47.11 47.11 312.34

Fig. 2 shows the result of power output against water velocity, which indicates a positive relationship
between these two variables. The power output is proportional to the water velocity. As the water velocity rises,
the turbine’s blade interacts more forcefully with moving water, which causes the turbine to spin faster and
generate more electricity. Fig. 3 shows the graph efficiency against water velocity under two submersion
conditions, which are partially submerged and fully submerged. The efficiency of the partially submerged turbine
rose from 0.21 at a water velocity of 2.03 m/s to 0.34 at 3.16 m/s. However, efficiency slightly dropped to 0.31 at
a higher velocity of 4.13 m/s. Meanwhile, the fully submerged turbine showed a consistent rise in efficiency as the
water velocity increased.

Power Output vs Water Velocity

1148
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176.77
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Fig. 2 Graph power output (W) against water velocity (m/s)
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Efficiency vs Water Velocity
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Fig. 3 Graph efficiency of turbine against water velocity (m/s)

4. Conclusion

This study effectively accomplished its goals of improving the design and assessing the performance of a spiral
water turbine at different submersion levels and water velocities. The initial aim was successfully achieved, which
involved improving the current design of the spiral water turbine prototype. The spiral water turbine can
effectively generate energy, even at varying heights of rapids, as demonstrated in test runs. The solar charge
controller is effective in storing power in the battery, as evidenced by conducted tests. The study also aims to
evaluate the power generation of the spiral water turbine through testing. The power output increases with the
water velocity of the waterfall, accomplishing the objective. The elevation of the waterfall correlates positively
with the power output, due to the increased kinetic energy available for water flow. The power outputs recorded
at heights of 0.21 m, 0.51 m, and 0.87 m for the partially submerged turbine were 28.99 W, 176.77 W, and 357.11
W, respectively. At heights of 0.21 m, 0.51 m, and 0.87 m, the power outputs for totally submerged turbines were
29.74 W, 132.34 W, and 312.34 W, respectively. The study highlights the feasibility of spiral turbines and identifies
substantial areas for improvement to increase their practical application. To make spiral water turbines work
better and make it easier for them to be used in renewable energy systems, new research should look into ways
to improve the design of the blades by changing their angles, materials, and profiles. This will help them convert
energy more efficiently and lose less when the water is moving quickly. To make the results more general and
understand how site-specific factors affect the results, it is also important to expand the testing parameters by
doing experiments with a range of waterfall heights, flow rates, and environmental conditions.
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