
132

INTRODUCTION

The UN’s 2030 Agenda for Sustainable De-
velopment Goals (SDGs) addresses global sus-
tainability and human development challenges. 
SDG-7 focuses on affordable, clean, and sustain-
able energy, making renewable energy research 
increasingly important. Transitioning to renew-
able energy is crucial for reducing greenhouse 
gas emissions and mitigating climate change. In-
donesia, a major coal exporter with 3% of global 
reserves, faces significant challenges in reducing 
coal dependency, especially in electricity genera-
tion dominated by PLN (Silalahi et al., 2022). In 
Indonesia, four types of coal-fired power plants 
(CFPPs) are used, with subcritical plants being 
the most common. The ASEAN Centre for En-
ergy projects that the CO2 emissions from these 
plants will rise to 8623 million tons by 2040 due 

to increasing electricity demand. These plants 
significantly contribute to CO2 emissions and air 
pollution, adversely affecting public health (San-
chez and Luan, 2018). The air quality data from 
September 2023 revealed the highest pollution 
levels in Jakarta, followed by West Kalimantan 
and South Sumatra (Fadhlurrahman, 2023). Indo-
nesian regulations set air pollution standards to 
address the emissions from fossil fuel-based in-
dustries (Figure 1). The UN has set greenhouse 
gas reduction targets to combat global climate 
change, emphasizing the urgency of switching to 
renewable energy. Rising global energy consump-
tion underscores the need for further research and 
development in renewable energy to address the 
growing energy crisis. Diversifying energy sourc-
es is crucial for future human energy needs. As 
a potential alternative, hydropower highlights the 
need to explore other sustainable energy sources. 
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ABSTRACT
The aim of this research was to improve the performance of vortex turbines by testing the performance of vor-
tex turbines using experimental methods, with test variables including blade tilt, flow speed, and vortex turbine 
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that this laboratory-scale vortex turbine achieved a maximum power output of 87.28 watts, with an efficiency of 
56.66% and a torque of 9.81 Nm, using a 9-bladed turbine at a water velocity of 2.5 m/s. These results certainly 
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higher blade angle, and larger blade geometry can improve the performance of vortex turbines.
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Despite renewable energy like hydropower com-
prising less than 20% of global energy consump-
tion (Dhakal et al., 2015), gravitational water vor-
tex power plants offer environmentally friendly 
solutions for utilizing low-flow water with mini-
mal impact of emissions and potential water qual-
ity improvement (Rahman et al., 2017).

Transitioning away from fossil fuel power 
plants, which are still major emitters until 2030, 
poses significant challenges for Indonesia. The 
country’s unique geographic structure leads to 
substantial disparities in electricity generation 
costs between regions, particularly with higher 
costs in eastern Indonesia compared to Java, de-
spite its growth potential. Pressure from inter-
national institutions and NGOs to reduce global 
emissions has influenced public opinion and urged 
the government to reassess and revoke mining 
permits (Anderl, 2018). Uneven electricity cost 
distribution underscores why renewable energy is 
vital for Indonesia’s power generation. As of mid-
2020, share of renewable energy in Indonesia’s 
electricity generation was under 15% (IESR Insti-
tute for Essential Services Reform, 2021). PLN, a 
key player in the energy industry, needs proactive 
measures to reduce carbon emissions, aligning 

with government goals to lower its carbon foot-
print. Research by UNESCAP using the levelized 
cost of electricity (LCOE) method demonstrates 
that renewable power plants like solar photovol-
taic, geothermal, hydro, and wind are more cost-
effective than coal-fired plants. The LCOE ap-
proach integrates a system’s lifetime costs with 
energy generation costs, bridging high initial cap-
ital costs with low operational expenses or vice 
versa. The gravitational water vortex power plant 
(GWVP) offers the potential for renewable energy 
generation using cylindrical water flow contain-
ers. This study evaluated how container geometry 
and turbine design influence the GWVP perfor-
mance. Despite the previous efforts to enhance 
GWVP designs, a deeper understanding of water 
flow-turbine interactions within conical contain-
ers is needed. Hence, this research employed ex-
perimental approaches to investigate the impacts 
of turbine power enhancements on the GWVP 
efficiency and performance. The study aimed to 
provide new insights into developing the GWVP 
technology as a more effective and sustainable re-
newable energy source (Edirisinghe et al., 2022). 
Previous studies explored vortex turbine designs 
using cylindrical basins with dimensions such 

Figure 1. The 10 regions in Indonesia with the highest air pollution (Fadhlurrahman, 2023)
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as 100 cm diameter and 80 cm height, featuring 
inclined blades with a head diameter of 20 cm, 
outer diameter of 60 cm, curvature radius (R) 
of 500, and a 60-degree tilt angle. Experimental 
tests achieved a peak power of 47.43 watts with 
43.11% turbine efficiency and 10.8 Nm torque 
using 9-blade acrylic on a steel holder (Kamil et 
al., 2023). Another study utilized a steel impel-
ler with R140 curvature, yielding a flow rate of 
0.06 m3/s, 25 watts load, and 43.83% turbine effi-
ciency, later modifying to aluminum, resulting in 
reduced efficiency to 8.06% (Suntivarakorn and 
Suntivarakorn, 2019) (Timilsina et al., 2018). 

Further research analyzed single-stage grav-
itational water vortex power plants with cylin-
drical basin types, exploring mathematical and 
experimental approaches on factors like vortex 
height, blade position, submerged percentage, 
blade tilt, and impact of shape on turbine perfor-
mance (Ullah et al., 2020). Studies highlighted 
increased water inflow enhancing vortex height 
and turbine shaft rotation, noting higher blade 
submergence enhancing rotation speed. Differ-
ent blade shapes affected torque and mechanical 
efficiency, with conical blades enhancing rota-
tion but reducing torque, while straight blades 
achieved optimal efficiency when fully sub-
merged in water vortices. Additionally, studies 
analyzed axial flow in hydraulic turbines within 
open channels, characterizing flow and slip-
stream dynamics via particle image velocimetry 
(PIV) and Ansys CFX 15.0 simulations (Nishi et 
al., 2019). Findings indicated downstream vor-
ticity due to runner rotation, water displacement, 
and depth differences inside and outside tur-
bines, affecting the vortex turbine performance. 
Another study used CFD simulations and ex-
periments to vary the number of blades in con-
cave cylindrical vortex turbines (Ambarita et al., 
2023). Results showed that increasing the blade 
count enhanced torque and power production, 
with simulations validating the highest torque at 
14.6 Nm for 7-blade turbines and peak efficien-
cy at 43.5%, contrasting with 40.4% for 5-blade 
turbines. Analytical analysis affirmed that in-
creased blade count expanded water contact 
area, thereby enhancing water energy absorp-
tion by turbines. Previous research has explored 
the performance of vortex turbines by testing 
various variables such as blade inclination of 60 
degrees, flow speed, and impeller material used 
(Kamil et al., 2023). In that study, the research-
ers conducted detailed tests to evaluate how the 

blade inclination angle affects the water flow 
rate in the basin, efficiency and performance of 
the vortex turbine. Variable water flow veloci-
ties were also tested to determine their effect on 
turbine performance, with the aim of finding out 
how changes in water flow velocity affect the re-
sults of the tests conducted. Previous research 
used vortex turbine impeller material, namely 
iron combined with acrylic. Previous research 
has underlined the importance of understanding 
the gravity flow field in vortex turbines to im-
prove their performance. The difference between 
this research and previous research lies in the 
use of different impeller materials. Therefore, 
this study aimed to modify the blade inclination 
by 70 degrees, flow velocity, flow angle, and im-
peller material using PLA (polylactic acid). 

THEORETICAL FOUNDATION

Microhydro power plant

Using micro hydro turbines as a source of 
power generation is an efficient and economical 
alternative to addressing the current energy crisis. 
One type of micro hydro turbine, the GWVT, offers 
a decentralized solution that can tackle the chal-
lenges of providing electricity in remote areas. The 
GWVT operates by utilizing water flow that forms 
a vortex on the free surface, generating mechani-
cal power that is converted into electrical energy 
through a rotor and generator. This process allows 
for energy extraction from the vortex flow without 
disrupting the main flow of the river or canal, mak-
ing it an environmentally friendly and sustainable 
solution (Li et al., 2008). GWVT is known for its 
ability to operate at low flow rates and low heads, 
distinguishing it from other conventional technol-
ogies (Rahman et al., 2017). Installing these tur-
bines along watercourses provides easy access for 
local communities to generate sustainable elec-
tricity. With GWVT contribution to power genera-
tion, renewable energy becomes more affordable 
and reliable. Environmental benefits, including 
zero greenhouse gas emissions, make it an at-
tractive choice. Furthermore, the increased water 
surface area produced by GWVT enhances aera-
tion and overall water quality, providing a better 
environment for aquatic life (Nishi and Inagaki, 
2017). All these features indirectly support a more 
efficient energy framework than conventional en-
ergy technologies (Ciupageanu, 2018).
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Water vortex power plant

GWVT is an adaptable solution for generating 
energy from industrial wastewater, demonstrating 
its flexibility in resource recovery. Its simple de-
sign distinguishes it from other water energy ex-
traction methods, offering lower installation and 
maintenance costs (Vivekananda, 2019). Another 
advantage is its capability to operate across various 
flow rates, even under very low head conditions.

Illustrations in Figures 2 and 3 depict the de-
sign and installation of GWVT, which is the focus 
of this study. The water vortex is generated by the 
flow driven gravitationally into a circular contain-
er with tangential inlet channels and a central bot-
tom outlet channel. A turbine with a vertical axis 
is positioned at the center of the vortex where the 

strongest rotational force occurs. This turbine ro-
tates with the vortex flow, driving the generator. 
Additionally, the surface vortex plays a role in the 
aeration process (Kim and Kim, 2021), aiding in 
air mixing and enhancing dissolved oxygen con-
centrations in the water. Thus, vortex hydroelectric 
power plants can also contribute to natural water 
purification through interactions with microorgan-
isms. The concept of energy contained in natural 
water vortices was initially explored by Viktor 
Schauberger, an Austrian forest expert and natu-
ralist (Harding, 1984). Later, Austrian engineer 
Franz Zotloterer utilized this principle to generate 
rotational energy by placing a vertical axis rotor in 
the center of the vortex (Warjito et al., 2020).

However, vortex hydroelectric power tech-
nology is still relatively new compared to other 
micro-hydropower generation methods, and cur-
rently, there are few operational vortex hydro-
electric power plants worldwide. Due to its com-
pelling advantages, many researchers have been 
interested in further developing this technology. 
Development efforts are primarily focused on 
optimizing the design of vortex pool configura-
tions and turbines. Despite numerous discoveries 
related to various geometric parameters, there is 
still no standardized design procedure available 
for vortex hydroelectric power plants. Therefore, 
the design of vortex hydroelectric power plants 
for each location remains highly dependent on the 
specific needs and characteristics of that site.

The turbines used in GWVT do not rely on 
pressure differentials but instead harness the dy-
namic force of the water vortex (Rahman et al., 
2017). The turbine blades play a crucial role in 

Figure 2. Illustration of GWVT design 
(Suntivarakorn and Suntivarakorn, 2019)

Figure 3. Installation at Obergrafendorf, Austria (reproduced with permission from Zotlöterer (Bajracharya et al., 2020)
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converting the tangential velocity of the vortex by 
absorbing power, reducing tangential speed, and 
increasing axial speed.

MATERIALS AND METHODS

The research was conducted at the Labora-
tory of Fluid Mechanics in the Department of 

Mechanical Engineering, Universitas Sumatera 
Utara. This research study utilized various tools 
and materials, with the primary equipment being an 
inclined-blades turbine (Figure 4) and a cylindrical 
basin intake tunnel (Figure 5). The turbine blades 
had specific specifications: inclined type, with a 
shaft hole diameter of 20 mm, outer diameter of 
717 mm, blade curvature radius R200, and inclina-
tion angle of 70°. The basin used was cylindrical.

Figure 4 shows the design of the inclined 
blade type vortex turbine with 5, 7, and 9 blades, 
where the 3D model was designed using Solid-
works 2020. Manufacturing the vortex turbine 
through 3D-printing technology with PLA fila-
ment resulted in turbine impellers weighing 4.2 
kg, 4.9 kg, and 6 kg.

The 3D printed results seen in Figure 5 illus-
trate the physical details of the applied design. The 
use of 3D-printing technology with PLA filament 
ensured the manufacture of turbine impellers with 

Figure 4. Design of the 9, 7, and 5-blade vortex 
turbine impeller

Figure 5. Images of turbines with 9 blades, 7 blades, 
and 5 blades
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a high degree of precision, in accordance with the 
designs developed using SolidWorks 2020.

Figure 6 depicts flow patterns with blade vari-
ations of 5, 7, and 9. The flow pattern in turbine 
is influenced by the number of blades used, with 
variations of 5, 7, and 9 blades showing different 
characteristics. A turbine with 5 blades tend to 
produce smooth and stable water flow, with each 
blade efficiently capturing and channeling water 
energy. Meanwhile, a turbine with 7 blades offer 
more uniform and efficient flow, capable of ef-
fectively capturing kinetic energy from the water 
flow. On the other hand, turbines with 9 blades pro-
vide very smooth and stable flow, demonstrating 

high efficiency in converting water energy due to 
a larger surface area involved in the process. The 
decision to choose the number of blades considers 
flow efficiency and stability (Figure 7).

This experimental layout was designed to test 
the electric power generation system using GWVT, 
as illustrated in Figure 8 (Kamil et al., 2023). 

The experimental procedure for this research 
includes: 1) Providing a vortex turbine blade with 
nine blades 2) Providing a turbine shaft 3) Install-
ing the shaft into the vortex turbine blade 4) As-
sembling the vortex turbine blade into a cylindri-
cal basin 5) assembling the turbine shaft on the 
bearing, after which the bearing key with the L 

Figure 6. Sketch of water flow impacting turbine blades

Figure 7. Basin and intake tunnel
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key 6) Turning on the centrifugal pump to fill the 
upper water tank 7) Filling the lower tank with 
water to maintain water stability during testing 8) 
Testing and conducting the data retrieval process 
9) Opening the valve by seven turns to achievee 
a water speed of 2 m/s 10) Opening the valve by 
13 turns to achieve a water speed of 2.2 m/s 11) 
Opening the valve by 26 turns to achieve a water 
speed of 2.5 m/s 12) Measuring the rotation speed 
on the turbine shaft using a tachometer 13) Tak-
ing data with variations in head height with val-
ues of 0.4, 0.5, 0.7, and 0.8 m. 14) Observing and 
analyzing the gravitational force of the vortex ro-
tation on the 9-blades 15) Taking data for torque 
testing on the 9-blades 16) Connecting the belt to 
the pulley on the turbine shaft and generator pul-
ley 17) Installing lights that have been arranged in 
parallel to determine the maximum power output 
18) Taking data at each water speed and height 
variable to determine the resulting power 19) Re-
peating the test for 5 and 7 blades 20) Observing 
the results of the five and 7-blade tests and pre-
paring testing tables.

To assess the turbine effectiveness, it is essen-
tial to consider torque and shaft rotation. Gather-
ing data for calculation and analysis is crucial in 
evaluating the performance of the vortex turbine, 
as referenced by a researcher who conducted ex-
periments on gravity-driven whirlpool turbines. 
These parameters are pivotal for determining the 
operational performance of a turbine. Torque and 
shaft rotation speed significantly influence the 
power output of turbines, necessitating data for 
calculation and analysis. Abdul Samad Saleem 
researched gravitational water vortex turbines, 
utilizing the following formulas to process data 
(Saleem et al., 2020):

Water power (Pwater) is the power generated by 
water per unit area and is defined as: 

 Pwater = ρ · g · v · H (1)

Turbine power (Pturbine) is the power generated 
by the turbine rotor after extracting energy from 
the water flow, adjusted for the power coefficient: 

 Pturbine = τ · ω (2)

Torque (τ) represents the rotational force gen-
erated by the turbine shaft or the ability of a tur-
bine to perform work.

	 τ	=	F	·	rp (3)

Angular velocity (ω) refers to the magnitude 
of the angle formed by the path of a point moving 
in a circle per unit time.

 

𝑃𝑃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = 𝜌𝜌 ∙ 𝑔𝑔 ∙ 𝑣𝑣 ∙ 𝐻𝐻 (1) 
𝑃𝑃𝑤𝑤𝑡𝑡𝑤𝑤𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤 =  𝜏𝜏 ∙ 𝜔𝜔 (2) 
𝜏𝜏 = 𝐹𝐹 ∙ 𝑟𝑟𝑝𝑝 (3) 
𝜔𝜔 =  ∆𝜃𝜃 (2 ∙ 𝜋𝜋 ∙ 𝑤𝑤)

∆𝑤𝑤    (4) 

𝜂𝜂 = 𝜂𝜂𝑇𝑇 = 𝑃𝑃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑃𝑃𝑤𝑤𝑡𝑡𝑤𝑤𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤

 ×  100% (5) 
 

 (4)

Turbine efficiency (η) measures the ability of 
a turbine to convert potential energy in water into 
mechanical energy to drive a generator. 

 

𝑃𝑃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = 𝜌𝜌 ∙ 𝑔𝑔 ∙ 𝑣𝑣 ∙ 𝐻𝐻 (1) 
𝑃𝑃𝑤𝑤𝑡𝑡𝑤𝑤𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤 =  𝜏𝜏 ∙ 𝜔𝜔 (2) 
𝜏𝜏 = 𝐹𝐹 ∙ 𝑟𝑟𝑝𝑝 (3) 
𝜔𝜔 =  ∆𝜃𝜃 (2 ∙ 𝜋𝜋 ∙ 𝑤𝑤)

∆𝑤𝑤    (4) 

𝜂𝜂 = 𝜂𝜂𝑇𝑇 = 𝑃𝑃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑃𝑃𝑤𝑤𝑡𝑡𝑤𝑤𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤

 ×  100% (5) 
 

 (5)

RESULT AND DISCUSSIONS

This study analyzed various performance pa-
rameters including speed, blade rotation, torque, 
and power generated by the system. One of the 
main focuses of this research was to investigate 
the effect of blade number and valve opening vari-
ations on the overall performance. Various blade 
configurations were tested under three different 
valve opening conditions, while maintaining a 
constant flow rate at 0.0225 m³/s, 0.0154 m³/s, 
and 0.0140 m³/s, respectively. The water level in 
the reservoir was maintained at 1 meter to ensure 
consistent flow during the test. In addition, this 
study also analyzed the experimental data at a wa-
ter level of 0.7 meters, as at that height the flow 

Figure 8. Experimental design and layout (Kamil et al., 2023)
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exhibited a steady or ‘steady step’ velocity. This 
condition allows for more accurate and consistent 
measurements, especially when it comes to evalu-
ating torque and blade rotation. With the flow ve-
locity under control, the influence of blade number 
and valve opening on performance parameters can 
be analyzed in greater depth. The results of these 
tests are expected to provide greater insight into 
the optimal design for improving the efficiency of 
hydraulic and mechanical-related systems.

Figure 9 illustrates the relationship between 
water height and RPM for three different water 
velocities: 2 m/s, 2.2 m/s, and 2.5 m/s. At all three 
water velocities, the RPM remains stable between 
60 and 70 RPM as the height increases from 0.4 
to 0.7 meters. This indicates that the changes in 
height within this range do not have a significant 
impact on RPM. At a water velocity of 2.5 m/s, 
the RPM shows slightly higher values than water 
velocities of 2.2 m/s and 2 m/s. This suggests that 
increasing water velocity tends to increase RPM, 
although the increase is insignificant.

Figure 10 displays the relationship between 
RPM and Pturbine for three different speeds: 2 m/s, 
2.2 m/s, and 2.5 m/s. At a water speed of 2 m/s, 
the turbine power experienced a gradual increase 
from about 45 watts at RPM 65 to reach 52 watts 
at RPM 78. Meanwhile, at a water speed of 2.2 
m/s, the turbine power ranged from 50 to 58 watts, 
as the RPM increased from 68 to 74. On the oth-
er hand, at a water speed of 2.5 m/s, the turbine 
power experienced a larger increase, from about 
55 watts at RPM 66 to about 85 watts at RPM 78. 
On the basis of this graph, it can be seen that the 
turbine power tends to increase as the RPM and 
water speed increase. The propeller working at 
higher water velocity can produce more power at 
each RPM. This shows that water speed has a sig-
nificant impact on the increase in turbine power, 
where higher speeds produce more power.

Figure 11 shows the relationship between 
turbine power and efficiency at different water 
speeds, namely 2 m/s, 2.2 m/s, and 2.5 m/s. At 
a water velocity of 2 m/s, the turbine efficiency 

Figure 9. Comparison of RPM and water height with 5 blades

Figure 10. Comparison chart of Turbine Power (Pturbine) and Rotation (RPM) with 5 blades
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increases from about 45% at 44 watts to about 
48% at 48 watts. At a water velocity of 2.2 m/s, 
the turbine efficiency is in the range of 50% to 
52% with an increase in power from 50 to 54 
watts. At a water speed of 2.5 m/s, the turbine ef-
ficiency shows an increase from about 34% at 52 
watts of power to reach about 38% at 64 watts 
of power. This graph shows that an increase in 
turbine power is generally accompanied by an 
increase in efficiency, but the pattern of increase 
varies depending on the water velocity. At lower 
water velocities of 2 m/s and 2.2 m/s, the efficien-
cy is higher than at a water velocity of 2.5 m/s at 
the same power. This shows that at higher water 
velocities, the efficiency of the turbine decreases, 
despite the greater power generated.

Figure 12 shows the relationship between wa-
ter height and RPM for three different water ve-
locities: 2 m/s, 2.2 m/s, and 2.5 m/s. Analysis of 
the graph shows a general pattern where the RPM 
increases as the water level increases. At a water 
speed of 2.5 m/s, it shows an increase in RPM 

from around 60 to a peak of 85 RPM before de-
creasing to around 70 RPM at a water height of 
0.7 meters. The water speed of 2.5 has the highest 
RPM among the three speeds which shows that a 
higher water speed produces a faster RPM. At a 
water speed of 2.2 m/s the RPM rises from around 
60 to a peak of 75 RPM at a height of 0.6 meters, 
then decreases at a water height of 0.7 meters. This 
indicates a water speed of 2 m/s, having a slower 
increase in RPM. Overall, this graph shows that 
higher flow rates result in higher RPM.

Figure 13 displays the relationship between 
the RPM variable and turbine power (Pturbine) for 
three different speeds: 2 m/s, 2.2 m/s, and 2.5 m/s. 
Analysis of this graph shows that variation in wa-
ter velocity has a direct effect on the power gen-
erated by the turbine at various RPM levels. At 
2 m/s water velocity, the turbine power increases 
gradually from about 45 watts at RPM 68 to reach 
55 watts at RPM 76. This shows a positive re-
lationship between the increase in turbine rota-
tion speed and the power generated at that water 

Figure 11. Comparison of efficiency (ⴄt) and turbine power (Pturbine) with 5 blades

Figure 12. Comparison of RPM and water height with 7 Blades



141

Ecological Engineering & Environmental Technology 2024, 25(12), 132–146

speed. When the water speed was increased to 2.2 
m/s, the power generated by the turbine also in-
creased more significantly, from about 50 watts at 
RPM 70 to reach 65 watts at RPM 77, showing an 
increase in efficiency as the water flow speed in-
creased. At higher water velocities of 2.5 m/s, the 
increase in turbine power becomes much more 
significant, compared to lower water velocities. 
The turbine power increased from about 60 watts 
at RPM 74 to reach 85 watts at RPM 84. This in-
crease confirms that higher water velocities have 
a significant impact on the power generated by 
the turbine at the same RPM.

Figure 14 shows the relationship between 
Turbine Power and Efficiency for three differ-
ent water speeds of 2.5 m/s, 2.2 m/s, and 2 m/s. 
Overall, the graph trends show that as the power 
generated by the turbine increases, the efficiency 
also tends to increase, although there are dif-
ferences in the range of power and efficiency at 
each water speed. At a water speed of 2 m/s, the 

turbine efficiency ranges from 50% to 58%, with 
the power generated increasing gradually from 
around 50 watts to 55 watts. Although this in-
crease is relatively small, its consistency shows 
a positive relationship between water speed and 
power. When the water speed was increased to 
2.2 m/s, the turbine efficiency showed a higher in-
crease, ranging from 50% to almost 60%, with the 
power generated increasing from about 58 watts 
to 60 watts. The increase in efficiency at this speed 
indicates that at moderate flow rates, the turbine 
can perform more optimally. However, when the 
water velocity increased even higher to 2.5 m/s, 
although the turbine power increased significantly 
from about 75 watts to 85 watts, the efficiency re-
mained in the range of 50% to almost 60%. This 
shows that an increase in water speed results in 
greater power, but is not necessarily accompanied 
by a significant increase in efficiency. Under these 
conditions, the 7-bladed turbine used in the tests 
showed that a moderate water speed of 2.2 m/s 

Figure 13. Comparison of Turbine Power (Pturbine) and Rotation (RPM) with 7 Blades

Figure 14. Comparison of efficiency (ⴄt) and Turbine Power (Pturbine) with 7 Blades
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resulted in a more optimal efficiency, compared to 
the speeds that were too low or too high. From this 
analysis, it can be concluded that while higher wa-
ter speeds are capable of producing more power, 
the efficiency of the turbine tends not to change 
significantly at a given speed level. Optimization 
of turbine performance can be achieved at a mod-
erate range of water velocities, where efficiency 
and power generated are balanced.

Figure 15 shows the relationship between wa-
ter height variables and RPM for three different 
water speeds: 2 m/s, 2.2 m/s, and 2.5 m/s on a tur-
bine with 9 blades. At all water speeds, RPM in-
creases along with water height up to about 0.60 
m. At a water speed of 2.5 m/s, the RPM reaches a 
maximum value of around 70–75 at a water height 
of around 0.60 m. At a water speed of 2.2 m/s the 
RPM increases until it reaches a peak of around 
70 RPM at a water height of 0.60–0.70 m. At a 
water speed of 2 m/s, the RPM also increases 
by about 70 RPM. Analysis of this data shows 
that there is a relationship between water speed, 

height, and RPM, where RPM tends to increase 
along with height. Fluctuations at 2 m/s may indi-
cate greater variability at lower water velocities.

Figure 16 depicts the relationship between 
RPM and P parameters turbine for three different 
speeds: 2 m/s, 2.2 m/s, and 2.5 m/s. In general, the 
graphs show that the higher the RPM, the greater 
the turbine power generated. At a water speed of 
2 m/s, the turbine power increases from about 60 
watts to 64 watts as the RPM increases from 63 to 
66. At a water velocity of 2.2 m/s, the power gen-
erated is greater, from about 65 watts to 74 watts, 
with an RPM range from 65 to 73. Meanwhile, at 
a water velocity of 2.5 m/s, the turbine power is 
highest, from about 75 watts to 82 watts with an 
RPM that is also higher, between 69 to 75. From 
this analysis, it can be seen that higher water ve-
locities result in greater turbine power at higher 
RPMs. However, the increase in turbine power 
is not perfectly linear, especially at lower water 
speeds. A water speed of 2.5 m/s gives the most 
turbine power, followed by a speed of 2.2 m/s, 

Figure 15. Comparison of RPM and water height with 9 Blades

Figure 16. Comparison of turbine power (Pturbine) and rotation (RPM) with 9 Blades
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and the least at a speed of 2 m/s. This relationship 
shows that at greater water speeds, the turbine 
spins faster and produces higher power.

Figure 17 shows the relationship between 
efficiency and turbine power for a 9-bladed tur-
bine at three different water velocities of 2 m/s, 
2.2 m/s and 2.5 m/s. At a water speed of 2 m/s, 
the efficiency ranged from 58% to almost 70%, 
with the turbine power increasing slowly from 61 
watts to 63 watts. The increase in efficiency at this 
speed was relatively small but steady, indicating 
that at moderate water flows, the turbine was able 
to maintain good efficiency with fairly consistent 
power output. The 2 m/s water speed provides an 
optimal balance between efficiency and power, as 
the turbine is still able to produce high enough 
power without experiencing a significant drop in 
efficiency. When the water speed was increased 
to 2.2 m/s, the efficiency experienced a small 
drop initially, ranging from around 55% to almost 
65%, with an increase in turbine power from 68 
watts to 74 watts. Although the power generated 
was higher than at 2 m/s, the efficiency was not 
as high as expected, which may be due to the in-
creased flow velocity not being fully utilized by 
this 9-bladed turbine design. On the other hand, at 
the higher water velocity of 2.5 m/s, the efficien-
cy was even lower, starting from around 45% and 
increasing to around 55%. Although the turbine 
power increased from 76 watts to 81 watts, the 
decrease in efficiency at this speed shows that an 
increase in water speed does not always go hand 
in hand with an increase in efficiency. Overall, 
while higher water velocities can result in greater 
turbine power, efficiency tends to decrease at fast-
er flows. A water speed of 2 m/s proved to pro-
vide the best balance between power generated 

and efficiency, as the turbine was able to achieve 
the highest efficiency without sacrificing power. 
In contrast, at 2.5 m/s, despite the greater turbine 
power, the efficiency decreased, indicating that 
the turbine was unable to fully utilize the faster 
flow. This suggests that the turbine design is most 
efficient when operating at lower to moderate wa-
ter speeds, rather than at excessively high speeds, 
where power increases but efficiency decreases. 
The best efficiency is achieved at moderate wa-
ter velocities, demonstrating the importance of a 
balance between water flow velocity and turbine 
design to maximize performance.

On the basis of the experiments that have been 
carried out using different numbers of blades, the 
following table and experimental data results are 
obtained (Table 1).

A clear approach to the influence of the num-
ber of blades on turbine performance is obtained 
based on the data presented. From the three varia-
tions in the number of blades above, the relation-
ship between performance parameters goes in the 
same direction. The increasing speed of water 
entering the basin will increase the axillary wa-
ter that can be maximized. However, in general, 
large water discharge will increase water perfor-
mance very much. As shown in Figure 18, the tur-
bine efficiency increases as the circulating water 
discharge increases.

A comparison of turbine efficiency can be seen 
in Figure 18, showing that with a blade number of 
9, the turbine shows the highest efficiency among 
all variations in the number of blades. A water 
speed of 2.2 m/s achieves the highest efficiency 
of around 60%, followed by 2 m/s and 2.5 m/s 
which have almost the same efficiency values. 
This shows that a higher number of blades is very 

Figure 17. Comparison of efficiency (ⴄt) and turbine power (Pturbine) with 9 blades



144

Ecological Engineering & Environmental Technology 2024, 25(12), 132–146

effective in capturing water energy and convert-
ing it into power. With a blade number of 7, the 
turbine efficiency decreases slightly but is still 
around 50% for all water velocities. Water speeds 
of 2.2 m/s and 2.5 m/s have almost the same effi-
ciency, while water speed of 2 m/s is slightly low-
er. This shows that despite reducing the number 
of blades, the turbine can still operate efficiently, 
although not as well as with 9 blades.

At 5 blades, the turbine efficiency decreases 
more significantly. A water speed of 2.2 m/s still 
has the highest efficiency at around 45%, fol-
lowed by 2 m/s and 2.5 m/s with slightly lower 
values. This decrease in efficiency indicates that a 
smaller number of blades is less effective in cap-
turing water energy, especially at higher water ve-
locities. This graph shows that turbine efficiency 
is influenced by the number of blades and water 
speed. A higher number of blades (9 blades) pro-
vides the highest efficiency, especially at a wa-
ter speed of 2.2 m/s. A decrease in the number of 
blades leads to a general decrease in efficiency, 

with lower efficiency at a water speed of 2.5 m/s 
when the number of blades is reduced to 5. This 
indicates that there is an optimal balance between 
the number of blades and water speed to achieve 
maximum turbine performance. The lower effi-
ciency at a water speed of 2.5 m/s with a smaller 
number of blades shows that increasing water 
speed does not always increase efficiency if the 
number of blades is insufficient.

CONCLUSIONS

On the basis of the conducted research, the 
efficiency of the vortex turbine is 64.69%. In 
the previous research on the performance of the 
vortex turbine conducted by Kamil (2023), the 
efficiency was 43.11%, and by Ambarita (2023) 
was 45.1%. There was an increase in efficiency of 
around 19–21% by modifying the turbine blade. 

The research gap that was bridged was the in-
creased performance of the vortex turbine being 

Table 1. Experimental data

Number of blades Vair  
(m/s) m (kg)

F
Torsi (N) RPM ω (rad/s) H(m) Pturbin 

(watt) Pair (watt) ⴄt (%)
(N)

5

2 3 29.43 5.89 79.5 8.32 0.7 48.98 95.85 51.10

2.2 3.5 34.33 6.87 73.4 7.68 0.7 52.76 105.43 50.04

2.5 4 39.24 7.85 78.0 8.16 0.7 64.07 154.04 41.59

7

2 3.5 34.43 6.87 76.4 8.00 0.7 54.91 95.85 57.29

2.2 4 39.24 7.85 75.1 7.86 0.7 61.69 105.43 58.51

2.5 5 49.05 9.81 85.0 8.90 0.7 87.28 154.04 56.66

9

2 4.5 44.14 8.83 67.1 7.02 0.7 62.01 95.85 64.69

2.2 5 49.05 9.81 75.5 7.90 0.7 77.52 120.50 63.34

2.5 5.5 53.95 10.79 73.0 7.64 0.7 82.45 154.04 53.32

Figure 18. Graph of efficiency (%) of the turbine with varying number of blades (9, 7, and 5 blades) and three 
different wind speeds (2.5 m/s, 2.2 m/s, and 2 m/s)
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tested. This research successfully bridged the gap 
regarding the impact of blade number and water 
flow velocity on the efficiency of gravity vortex 
turbines, providing experimental data that was 
previously limited, especially at the laboratory 
scale. In addition, the results of this study open up 
a variety of new prospects, including the devel-
opment of turbines with optimal blade designs to 
maximize the balance between efficiency, torque, 
and production costs. 

The research also hints at potential applications 
of gravity vortex turbines on a larger scale, such 
as micro-hydro power generation in remote areas 
with low water flow, as well as small-scale optimi-
zation of turbines that can be used as a renewable 
energy source for households or small communi-
ties. With these findings, this research contributes 
to developing gravity vortex turbine technology 
and its potential applications in the energy sector.
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