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ABSTRACT
Water wheels are one of the examples of renewable energy generators that have been used for a long
time. However, the improvement of the performance of simple water wheels still needs further
investigation, especially regarding the influence of materials, as there has been limited research on
this aspect. This study aims to conduct a comparative study of materials that can enhance the
performance of a simple water wheel in harnessing hydro energy. In this research, the performance
of water wheels made of wood, aluminum, and plastic was examined. Testing was carried out by
measuring the voltage and electric current generated by the water wheels using a multimeter. The
water wheels made of wood, aluminum, and plastic produced voltage and electric current values of
2.80 V and 6.90 mA, 2.88 V and 7.82 mA, and 2.93 V and 9.64 mA, respectively. The results of the
study indicate that plastic exhibits better performance, as it generates higher voltage and electric
current compared to wood and aluminum. The larger the values of voltage and electric current
produced by the water wheel, the better its performance. Hence, the materials used in constructing
a simple water wheel have an impact on its performance
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ABSTRAK

Kincir air adalah salah satu contoh pembangkit energi listrik terbarukan yang sudah lama
digunakan. Namun, peningkatan kinerja kincir air sederhana masih harus diteliti terutama mengenai
pengaruh bahan dikarenakan belum banyak yang meneliti. Penelitian ini bertujuan untuk melakukan
studi perbandingan bahan yang dapat meningkatkan kinerja kincir air sederhana dalam
pemanfaatan energi hidro. Pada penelitian ini, bahan yang diuji kinerjanya adalah kayu, aluminium,
dan plastik. Pengujian dilakukan dengan mengukur tegangan dan arus listrik yang dihasilkan oleh
kincir dengan menggunakan multimeter. Kincir dengan bahan kayu, aluminium, dan plastik
menghasilkan tegangan dan arus listrik berturut-turut sebesar 2,80 V dan 6,90 mA, 2,88 V dan 7,82
mA, dan 2,93 V dan 9,64 mA. Hasil penelitian menunjukkan bahwa plastik lebih baik kinerjanya
karena menghasilkan tegangan dan arus listrik lebih besar dibandingkan dengan bahan kayu dan
aluminium. Semakin besar nilai tegangan dan arus listrik yang dihasilkan oleh kincir, semakin baik
kinerjanya. Therefore, the materials used in the construction of a simple water wheel have an impact
on its performance.

Kata kunci: Energi Hidro, Kayu, Aluminium, Plastik
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1. INTRODUCTION

Energy is an essential resource for every living thing, including humans [1]. Electricity, as a
form of energy, plays a crucial role in life [2]. Human activities become more efficient with the
presence of electricity. Alongside the growth of the population, the demand for electrical energy in
Indonesia continues to rise [3]. Abundant energy assets in Indonesia, such as hydropower,
geothermal, natural gas, coal, biomass, biogas, wind, solar, and others, can serve as alternative energy
sources, replacing dependence on increasingly limited oil resources [4].

Water represents a renewable and developable energy source for electricity generation [5].
The utilization of water in water wheels acquires kinetic energy. Water wheels utilize water power
to generate electrical energy [6]. Its function as an energy converter transforms water energy into
kinetic energy, followed by a generator that converts kinetic energy into electrical energy. One of
the functions of water wheels is electricity generation. To enhance the efficiency and effectiveness
of electricity production, research is required to understand the factors influencing the performance
of water wheels.

Research on the performance of water wheels has been conducted, examining factors such as
the influence of blade thickness variation , bowl-shaped blades [7], water flow rate [8], turbine blade
width, blade angle size [9], fluid flow system, blade quantity variation [10], The Effect Nozzle
Angle[11],and blade height. However, there is no discussion yet regarding the comparison of
materials in water wheels for enhancing hydro performance. Thus, research is needed on the
influence of material variations in water wheels on the performance of a simple water wheel.

In this study, an analysis is conducted to compare various materials that can enhance the
performance of a simple water wheel in utilizing hydro energy. The materials considered are wood,
aluminum, and plastic. Parameters measured in the simple water wheel involve voltage and current
production, where larger values indicate better wheel performance.

2. METHOD
An experiment on a simple water wheel for harnessing hydro energy was conducted. Three
different materials for the water wheel, each with the same shape and size, were employed.

2.1. Materials and Components

The materials used to create a water turbine with three different types of components are
popsicle sticks, wooden skewers, hot glue, scissors, soldering iron, cutter, water, aluminum cans,
styrofoam, tray, DC12V generator dynamo, cables, LED, hose, analog multimeter, and digital
multimeter.
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2.2. The Process of Making a Simple Water Wheel
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Figure 1. Stages of Making a Water Wheel

The construction of a water wheel using three different materials requires specific tools and
materials as depicted in Figure 1. In the first step, we create the water wheel using wood, particularly
with ice cream sticks. Cut the ice cream sticks into two sizes: 8 cm (5 pieces) and 2 cm (15 pieces).
Next, attach the 2 cm pieces to the 8 cm sticks to form a U shape, serving as a reservoir for collected
water. Repeat this process until five blades are formed.

Next, construct a frame using popsicle sticks to create a triangular structure as the base of the
water wheel. Cut the sides of 5 bottle caps to serve as the placement for the five water wheel blades
made from popsicle sticks. Apply glue to secure them. Make a hole in the center of one of the bottle
caps to insert a wooden skewer that will connect to the triangular frame, forming the water wheel.
Attach a pulley to the front of the triangular frame on the wooden skewer, and connect the pulley to
a dynamo using a rubber band.

Then, turn on the water from the hose, ensuring it falls directly onto the water wheel, causing
it to rotate. This rotation powers the dynamo, generating voltage and electric current, indicated by
the illumination of an LED. Repeat the same process for aluminum using a can and plastic using a
plastic ruler.

2.3. The Data Collection Process on a Simple Water Wheel

In this study, the process unfolds in two stages. The first stage involves crafting three water
wheels from different materials and assembling a circuit to generate electricity. The second stage
focuses on data recording. The data recording is conducted using repetitive techniques to ensure the
accuracy and precision of the acquired data. Each material is tested three times to obtain current and
voltage values.

The initial step involves integrating the water wheel with the frame, then connecting it to the
electrical circuit using a pulley system. Subsequently, water is released from a similar height to set
the simple water wheel in motion, causing the dynamo to rotate and generate electricity, indicated by
the illumination of an LED. Furthermore, current and voltage values are measured using a multimeter,
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and the measurement results will be compared to assess the effectiveness of different materials in
generating voltage and electric current, as depicted in Figure 2.

also

L &/
-

Next

for experimental
data collection

Figure 2. Data Collection Process

3. RESULT AND DISCUSSION

In the experiment of harnessing hydro energy using a water wheel with three different
materials wood, aluminum, and plastic the objective is to enhance the water wheel's performance.
This experiment aims to analyze and compare various materials that can be utilized to improve the
efficiency of a simple water wheel in harnessing hydro energy. Based on this objective, the
experiment substantiates its findings by considering the voltage and current measurements as a
comparison among the three materials. These measurements gauge the effectiveness of the materials
in enhancing the waterwheel's performance, taking into account factors such as water drop height,
water volume, and wheel angle, which remain constant throughout the experiment.

Voltage and current measurements are obtained using two types of multimeters digital and
analog repeated three times for each material. Refer to Figure 3 for visual representation, where
Figure (a) displays the current and voltage values for wood, Figure (b) for aluminum, and Figure (c)
for plastic.
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(c) The current and voltage magnitudes in plastic materials.

Figure 3. The Magnitudes of Electric Current and Voltage in Wood, Aluminum, and Plastic Materials are
Repeated Three Times.

3.1. Electric Current

To determine the most effective material in enhancing the performance of a water turbine, it
can be determined by measuring the electric current generated by three types of materials: wood,
aluminum, and plastic. The electric current is measured using a digital multimeter, where the results
from these materials are analyzed to identify the one producing the highest electric current. This is
crucial in determining the type of material that is better suited for improving the water turbine's
performance.

In this research, we found differences in the electrical current generated by wood, aluminum,
and plastic materials. Based on the results presented in Table 1. Electrical current measurements
were conducted through three repetitions for each material. For wood, the electrical current was 6.99
mA in the first repetition, followed by 6.50 mA, 6.99 mA, and 7.47 mA in subsequent repetitions.
Aluminum produced an electrical current of 7.82 mA in the first repetition, followed by 7.59 mA,
8.22 mA, and 7.65 mA. Plastic generated an electrical current of 9.64 mA initially, followed by 7.91
mA, 10.85 mA, and 10.17 mA. Based on the magnitude of the electrical current, plastic exhibited a
higher current output compared to wood and aluminum.

Tabel 1. Processing of Electric Current in Wood, Aluminum, and Plastic.

Types Of Materials Electric Current (mA) The Average Electric
Current (mA)
1 2 3
Wood 6.5 6.99 7.47 6.99
Aluminum 7.59 8.22 7.65 7.82
Plastic 7.91 10.85 10.17 9.64
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3.2. Electric Voltage

This experiment investigates the voltage generated by water wheels using three different
materials: aluminum, plastic, and wood. Measurement data reveals variations in voltage values for
each material. Table 2. VVoltage measurement results with different materials. Firstly, the wooden
water wheel produced an average voltage of 2.80 V, with consecutive measurements around 2.84 V,
2.68 V, and 2.88 V. Secondly, the aluminum water wheel yielded an average voltage of
approximately 2.88 V, with consecutive measurements of 2.92 V, 2.88 V, and 2.84 V. Lastly, the
plastic water wheel exhibited the highest average voltage at 2.93 V, with consecutive measurements
around 2.88 V, 2.96 V, and 2.96 V. From the experimental data, it is evident that the plastic water
wheel provides a higher average voltage (2.93 V) compared to the wooden (2.8 V) and aluminum
(2.88 V) counterparts. This indicates that the plastic water wheel has the potential to generate a
greater voltage than wood and aluminum under the given experimental conditions.

It is important to note that these results may be influenced by various factors, such as water
wheel design, flow rate, and the characteristics of each material. Variations in values during each
experiment repetition should be considered to assess result stability. Thus, from a mathematical data
processing perspective, It can be concluded that plastic exhibits better performance in generating
voltage in this experiment.

Table 2. Result Of Processing Voltage For Wood, Aluminum, and Plastic

Types Of Materials Electric Voltage (V) The Average
Electric
Voltage(V)
1 2 3
Wood 2.84 2.68 2.88 2.80
Aluminum 2.92 2.88 2.84 2.88
Plastic 2.88 2.96 2.96 2.93

3.3. Comparison of Voltage and Electric Current Results

Enhancing the Performance of a Simple
Waterwheel in Hydro Energy Utilization: A
Comparative Study of Materials.
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Figure 4. The Graph llustrates a Comparison of the VVoltage and Current Produced by a Water Wheel with
Three Different Materials.
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Figure 4 shows that each material used in the water wheel with different types of bulbs, blade
size, as well as the same blade height and water volume, produces different voltage and current for
each material. Based on the graph, it can be stated that among the three types of materials, plastic
generates higher voltage and current compared to wood and aluminum. A higher voltage leads to a
larger obtained current, resulting in better overall performance.

Through the experimental results, it can be analyzed that among the three types of materials,
plastic enhances the performance of the water wheel as a power source. This is evident from the
magnitude of the generated voltage and electric current; a higher voltage leads to a larger current
[12], indicating an increase in the rotational speed of the water wheel [13]. In this context, the
selection of materials, such as plastic, becomes a crucial factor in improving the efficiency of the
water wheel as a power source, alongside other factors like blade design [14], waterfall height [15]
and water volume [8].

4. CONCLUSION AND RECOMMENDATIONS

Based on the research results, it is evident that there are differences in the quality of each
material in enhancing the performance of a water wheel. This is observable in the varying voltage
and electric current outcomes generated by the three types of materials.

The study indicates that the materials employed in constructing a simple water wheel
significantly influence its performance. Among the three materials, plastic demonstrates superior
performance, producing a voltage of 2.93 V and a current of 9.64 mA. Aluminum exhibits reasonably
good performance, generating a voltage of 2.88 V and a current of 7.82 mA, while wood shows
lower performance compared to aluminum and plastic, yielding a voltage of 2.80 V and a current of
6.99 mA. Consequently, it can be concluded that using plastic as the material results in higher voltage
and electric current compared to wood and aluminum. The larger the obtained voltage and electric
current, the better the performance of the water wheel.

For future research aiming to enhance the performance of a simple water wheel, it is
recommended to utilize a water pump capable of generating a substantial water flow. This approach
will facilitate the data collection process and contribute to a more comprehensive analysis of the
water wheel's efficiency.

REFERENCES

[1] M. A. Wahid, “Mengidentifikasi Besar Kecepatan Angin dan Energinya Melalui Data
Ncep/Ncar Reanalysis dan 5 Stasiun Bmkg di Provinsi Aceh,” J. Phi J. Pendidik. Fis. dan Fis.
Terap., vol. 2018, no. 1, p. 2, 2018, [Online]. Available: https://jurnal.ar-
raniry.ac.id/index.php/jurnalphi/article/view/7445/4413

[2] C. A.Miranda and J. Afrida, “Kuat Arus yang Dihasilkan dari Fermentasi Ekstrak Belimbing
Wauluh,” J. Phi J. Pendidik. Fis. dan Fis. Terap., vol. 2018, no. 1, p. 18, 2018, [Online].
Available: https://jurnal.ar-raniry.ac.id/index.php/jurnalphi/article/view/7447/4415

[3]1 R.H. Boli, A. Makhsud, and M. Tahir, “Analisis Daya Output dan Efisiensi Kincir Air Sudu
Miring yang Bekerja Pada Saluran Horizontal,” J. Infrastruct. Sci. Eng., vol. 1, no. 2, p. 1,
2018, [Online]. Available: http://jurnal.unigo.ac.id/index.php/gjise/article/view/423

[4] M. Idris, I. Hermawan, and B. H. Simamora, “Analisis Kinerja Kincir Air Tipe Undershot
Bahan Aluminium Dengan Jumlah 10 Sudu dan Sudut 20,” J. Tek. Mesin dan Apl., vol. 1, no.
3, p. 38, 2022, [Online]. Available:
https://repositori.uma.ac.id/jspui/handle/123456789/19092

[5] L.M. K. Amali, Y. Mohamad, and N. E. N. Dajani, “Pemanfaatan Sumber Daya Air sebagai

Pembangkit Listrik Skala Pico untuk Menunjang Belajar, Kekerja dan Berkarya,” J. Sibermas
(Sinergi  Pemberdaya. Masyarakat), vol. 10, no. 1, p. 185, 2021, doi:

203 | Jurnal Energi dan Ketenagalistrikan



Jurnal Energi dan Ketenagalistrikan
Vol. 1, No. 2, Desember 2023, P-ISSN 2598-2494

(6]

[7]
(8]
9]
[10]

[11]

[12]

[13]

[14]

[15]

https://doi.org/10.37905/sibermas.v10i1.10402.

T. R. Agust, A. Setiawan, N. A. Maliky, and A. Aminudin, “Simulasi Pengaruh Bentuk dan
Jumlah Sudu Kincir Air Undershot Terhadap Kecepatan Sudut Melalui Metode Computation
Fluid Dynamics (CFD) Menggunakan Software ANSYS Fluent,” Pros. Semin. Nas. Fis. 6.0,
p. 263, 2020, [Online]. Available:
http://proceedings.upi.edu/index.php/sinafi/article/view/1297

L. Sule, “Kinerja yang Dihasilkan oleh Kincir Air Arus Bawah D]dengan Sudu Berbentuk
Mangkok,” 2015. [Online]. Available: http://eprints.ulm.ac.id/619/1/KE-39.pdf

A. Rahman and Kimin, “Pengaruh Debit Air Terhadap Kinerja Kincir Air,” J. Din., vol. 2, no.
12, 2018, [Online]. Available: https://ojs.ustj.ac.id/dinamis/article/view/94/60

H. B. Ekanata, “Pengaruh Besar Sudut Sudu terhadap Kinerja Kincir Air Type Overshoot,”
2018. [Online]. Available: http://eprints.umsida.ac.id/1963/

R. Yulianto and Karnowo, “Analisis Pengaruh Variasi Jumlah Sudu dan Sudut Serang
terhadap Kinerja Turbin Air Darrieus,” vol. 18, no. 2, 2020, [Online]. Available:
https://journal.unnes.ac.id/nju/index.php/sainteknol/article/download/15006/11422

L. Jasa, I. R. Agung, I. P. Ardana, A. Priyadi, and M. H. Purnomo, “An Experimental To
Investigate The Effect Nozzle Angle An Position Of Water Turbin For Obtaining Higest
Rotation,” Bali, 2013. [Online]. Available:
https://repositori.unud.ac.id/protected/storage/upload/repositori/ID2_1966121819910310033
1071410747buku-karya-unud-untuk-anak-bangsa-2013-%5Blie-jasa%5D-isbn--978-602-
7776-76-0-desember-2013.pdf

Ratna Mustika Yesu, “Pengaruh Tegangan Terhadap Besar Kuat Arus Listrik pada Persamaan
Hukum Ohm.” [Online]. Available: https://doi.org/10.36526/ztr.v3i1.1331

A. Supardi, “Pengaruh Kecepatan Putaran dan Beban Terhadap Keluaran Generator Induksi 1
Fase Kecepatan Rendah,” Emit. J. Tek. Elektro, vol. 16, no. 1, 2016, [Online]. Available:
https://journals.ums.ac.id/index.php/emitor/article/download/2680/1754

D. B. Novaroh, “Analisa Pengaruh Kelengkungan Sudu Terhadap Kinerja pada Turbin Kinetik
Tipe Poros Vertikal,” 2017. [Online]. Available:
http://simki.unpkediri.ac.id/mahasiswa/file_artikel2017/12.1.03.01.0051.pdf

S. Buyung, “Analisis Pengaruh Tinggi Jatuhnya Air (Head) Terhadap Daya Pembangkit
Listrik Tenaga Micro Hydro,” J. Voering, vol. 2, no. 1, 2017, [Online]. Available:
https://www.neliti.com/id/publications/256920/analisis-pengaruh-tinggi-jatuhnya-air-head-
terhadap-daya-pembangkit-listrik-tena

Jurnal Energi dan Ketenagalistrikan | 204



