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 The energy of river water flow or irrigation canals can be utilized by using a 

horizontal axis Savonius turbine, which converts low-speed river flow into 

electrical power with good design. The design of this turbine needs to pay 

attention to several parameters, namely, the deflector angle, the number of 

blades, the diameter and thickness of the blades, and the diameter and 

thickness of the end plates. However, the problem usually encountered is 

imperfect turbine construction due to the large drag force that occurs so that 

the power generated is low. Based on this background, it is proposed to 

manufacture and test the performance of a series Savonius underwater rotors 

with a horizontal axis. The research results found that the generator voltage 

without load was 25.6 V when the turbine only rotated at 47.2 rpm, whereas 

when under load, the average power produced was 8.5 watts with an average 

turbine speed of 31 rpm. The highest efficiency value on the rotor is 86.73%, 

with a torque value of 3.36 at a turbine speed of 29.9 rpm. This indicates that 

the tool can generate large torque at low speeds. 
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1. INTRODUCTION  

The rapid development of technology in this digital era has made electrical energy one of the 

primary needs in society. During the increasing consumption of electrical power, fossil energy which is the 

primary energy source is decreasing and harms the environment, thus demanding a shift from conventional 

energy to renewable energy [1], [2]. Indonesia is a country that has abundant natural resources that can be 

utilized as a source of renewable energy, one of which is water energy. Water energy is one of Indonesia's 

most widely used renewable energies because of its enormous availability. However, the utilization of water 

energy potential only reaches 7.2% of Indonesia's total water energy potential, reaching 75,091 MW [3].  

Water flow with a high flow rate and the head has been widely used with several types of turbines, 

such as the Pelton, Francis, and Kaplan turbines [4], [5]. In contrast, the water flow in Indonesia is generally 

a low-velocity flow of 1 m/s. It tends to have a low head, so that is still underutilized because it requires a 

damming process first, which will affect costs and cause damage to the environment around the dam [6]. To 

take advantage of these water flows, innovative technologies are needed that can be used to convert low-

velocity water flows into electrical energy [7]. One is the horizontal axis Savonius turbine, which can be used 

underwater with low-speed water flow. Savonius type turbine has several advantages, such as simple 

https://creativecommons.org/licenses/by-sa/4.0/
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construction and large torque [8]. The energy of river water flow or irrigation canals can be utilized by using 

a horizontal axis Savonius turbine, which converts low-speed river flow into electrical power with good 

design. The design of this turbine needs to pay attention to several parameters, namely, the deflector angle 

(direction plate), the number of blades, the diameter and thickness of the blades, and the diameter and 

thickness of the end plates [9], [10]. 

Several modifications are needed to optimize the utilization of hydropower plants so that the 

generator performance can be maximized [11]. Cho et al. [12] and Gunawan et al. [13] discussed the increase 

in the output power of the Savonius hydraulic turbine by modifying the blade profile. The study by [14], [15] 

researched underwater rotor turbines carried out with a different number of blades, namely three blades, six 

blades, and nine blades. The results showed that adding a guide plate could improve turbine performance due 

to an increase in the difference in torque between the convex and concave sides of the blade. This study also 

stated that the turbine with three blades produces the most significant power coefficient (𝐶𝑝) and moment 

coefficient (𝐶𝑚) values among the other two blades. Another study by [16] can conclude that the aspect ratio 

is directly proportional to the power coefficient. In addition, adding end plates at each end of the rotor can 

increase the turbine power coefficient by up to 36% [17], [18]. Based on previous studies, the problem 

usually encountered is imperfect turbine construction due to the large drag force that occurs so that the power 

generated is low. Therefore, this research proposes to manufacture and test the performance of a series of 

Savonius underwater rotors with a horizontal axis. 

Part one of this article discusses the introduction and research background. Part two discusses the 

research methodology. This research begins with a literature study before starting research. A literature study 

is an activity or process of collecting information from various literacy sources about previous research that 

is relevant to the research to be carried out. Then proceed with a discussion of system design. The third 

section discusses the results and discussion. 

 

 

2. METHOD  

2.1.  Planning stage 

In this study, the planning stage is the process of designing or drawing the design pattern of the 

Savonius turbine to be made. This design drawing provides an overview of the tool to be made by 

considering several aspects, such as the efficiency of the device to suit the elements at the test site. Figure 1 

shows the dimensions of the multilevel Savonius turbine frame and the dimensions of the end-plate. Figure 2 

shows the blade and reflector dimensions. Figure 3 shows the complete underwater Savonius rotor design. 

 

2.2.  Testing and data retrieval stage 

The testing and data collection steps are as follows: i) Make sure all turbine components are 

correctly installed; ii) Put the appliance on the water line; iii) Make sure the turbine works correctly before 

the picking process data starts; iv) Measure flow velocity and discharge in waterways; v) Record and 

measure the load and rotation of the turbine; vi) Measuring the rotational speed of the turbine with a 

Tachometer; vii) Measure the voltage and current generated by the generator using a multimeter; viii) Record 

the measurement results in the table; ix) Repeat steps 6-8 with a different load; and x) Testing is complete.  

 

 

 
 

Figure 1. Dimensions of Savonius turbine frame and the end-plate 
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Figure 2. Blade and reflector dimensions 

 

 

  
 

Figure 3. Design of the underwater Savonius rotor 

 

 

2.3.  Data processing and analysis stage 

After the test data has been collected, the next step is data processing and analysis. The data 

processing is carried out as follows: i) calculate water power (𝑃𝑎), ii) calculate generator power (𝑃𝑔𝑒𝑛),  

iii) calculate the turbine power (𝑃𝑡), iv) Calculate the tip speed ratio (TSR) value, v) calculating turbine 

efficiency (𝜂𝑡), vi) calculating the moment coefficient (𝐶𝑚), and vii) calculating system efficiency (𝜂𝑠). 

 

2.4.  Savonius turbine formula 

The performance of an underwater Savonius rotor can be affected by several parameters. The 

following are some parameters calculated in the underwater Savonius rotor test. 

 

2.4.1. Discharge (Q)  

Water discharge is a quantity that states the amount of water flowing per unit of time that passes 

through a specific cross-section. This water discharge test is carried out to determine how much flow in 
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volume per unit of time. To find out how much water flow capacity can be found, use the (1) and (2) [19].  

Q is water discharge in m3/s, V is velocity of water flow in m/s, A is cross-sectional area in m2, ℎ0 is depth of 

water in meters, and 𝑙 is width of the canal in meters.  
 

𝑄 = 𝑉 × 𝐴 (1) 
 

𝐴 = ℎ0 ×  𝑙 (2) 
 

2.4.2. Frontal cross-sectional area 

The frontal cross-sectional area is the projection coefficient of the rotor directly facing the water 

flow. This coefficient can be calculated using (3) [20], [21]. 𝐻 is rotor height in meters and 𝐷 is rotor 

diameter in meters. 
 

𝐴 = 𝐻 × 𝐷 (3) 
 

2.4.3. Water power (watt) 

Water power is the power contained in water that can rotate the water wheel. The equation can find 

water power [22]. 𝑃𝑤𝑎𝑡𝑒𝑟 is water power in watt, 𝜌 is density of water in kg/𝑚2, 𝐴 is rotor cross-sectional 

area in 𝑚2, and v is water speed in m/s. 
 

𝑃𝑤𝑎𝑡𝑒𝑟 =  
1

2
 𝑥 𝜌 𝑥 𝐴 𝑥 𝑣3 (4) 

 

2.4.4. Power generators (𝑷𝒈𝒆𝒏) 

Generator power is the amount of electrical power generated by the generator. Generator power can 

be calculated using (5) [23]. 𝑉 is voltage in volt and 𝐼 is current in ampere. 
 

𝑃𝑔𝑒𝑛 =  𝑉 ∗ 𝐼 (5) 

 

2.4.5 Angular speed 

The angular speed can be calculated based on the speed of the Savonius rotor shaft using (6) [24].  

𝜔 is the angular velocity in rad/s, and 𝑛 is turbine rotation in rpm. 

 

𝜔 =
2𝜋𝑛

60
 (6) 

 

2.4.6. Torque (τ) 

Torque is the rotating force generated by the turbine shaft or the turbine’s ability to do work. Torque 

is usually given the symbol τ [25]. The unit for torque is pounds-feet or kilogram force-meter (kgf m). In 

British units, it is ft.lb while in SI it is Nm. 𝑇 is torque in Nm, 𝑚 is mass in kg, 𝑔 is gravity in m/𝑠2, and 𝑟 is 

shaft spokes in meters. 

 

𝑇 = 𝑚 𝑥 𝑔 𝑥 𝑟 (7) 

 

In addition to (7), the torque value can also be calculated using (8). 

 

𝑇 =
𝑃𝑔𝑒𝑛

ω
 (8) 

 

2.4.7. Turbine power (Pt) 

Turbine power is the power that a turbine can generate to drive a generator. The (9) can calculate 

turbine power [26]: 

 

𝑃𝑡 =
2  𝑛 𝑡

60
 (9) 

 

2.4.8. Tip speed ratio (TSR)  

Tip speed ratio (TSR) is the ratio of the tip speed of the rotor to the rate of the water flow. The TSR 

value can be calculated using (10) [27]. 𝐷 is rotor diameter in meters, 𝑉 is water flow rate in m/s, and 𝜔 is 

the angular velocity in rad/s. 

 

𝑇𝑆𝑅 =  =
ω × 𝐷

2𝑣
 (10) 



Int J Appl Power Eng ISSN: 2252-8792  

 

Design and performance test of series underwater Savonius rotors with horizontal axis (Chandra Buana) 

403 

2.4.9 Moment coefficient (𝑪𝒎) 

The moment coefficient is the rasio between the torque generated by the rotor and the torque value 

that occurs when water hits the rotor [28]. 𝑇 is torque in Nm, 𝜌 is density of water in kg/𝑚2, 𝐴 is channel 

cross-sectional area in 𝑚2, 𝐷 is rotor diameter in meters, and 𝑉 is water speed in m/s. 

𝐶𝑚 =
𝑇

1

4
𝜌 𝐴 𝐷 𝑣2

 (11) 

 

2.4.10. Power coefficient (𝑪𝒑) 

The power coefficient is the rasio value between the power produced by the generator and the power 

possessed by the water passing through the rotor [29]. 𝑃𝑔𝑒𝑛 is generator power in watt and 𝑃𝑤𝑎𝑡𝑒𝑟 is water 

power in watt. 

 

𝐶𝑝 =
𝑃𝑔𝑒𝑛

𝑃𝑤𝑎𝑡𝑒𝑟
 (12) 

 

2.5.  Design  

2.5.1. Rotor design Savonius underwater series with a horizontal axis 

The design process begins with conducting a location survey in the Bulutana irrigation canal, Gowa, 

to find out how much discharge and water flow velocity is so that it can determine the design power of the 

underwater Savonius rotor series with the horizontal axis. Figure 4 shows the dimensions of the irrigation 

canal. A simple float method is used to measure the speed of irrigation canals, namely by flowing an object 

floating on the water with a path distance of 1 meter. Then calculate the time it takes for the thing to get from 

the starting point to the ending point. This experiment was carried out three times, shown in Table 1. From 

the measurement data using the simple float method, the average time required can be show in Table 2. 
 

 

 
 

Figure 4. Dimensions of irrigation 

canals 

Table 1. Measurement of water flow velocity using the float method 
Test 1 2 3 

Time (s) 2.15 1.49 1.87 

Distance (m) 1 
 

 

 

Table 2. Result average time and flow velocity 
Average Time Flow Velocity 

t = 
𝑡1+𝑡2+𝑡3

𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑑𝑎𝑡𝑎
 

t = 
2.15 + 1.49 +1.87

𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑑𝑎𝑡𝑎
 

t = 1.84s 

v = 
𝑠

𝑡
 

v = 
1𝑚

1.84𝑠
 

t = 0.54 m/s 
 

 

 

The underwater Savonius rotor series design with a horizontal axis is carried out by theoretical 

analysis of the calculation of discharge, water power, turbine diameter, and the resulting turbine power. 

Based on literature studies and design assumptions, the following are the variables for designing the 

underwater Savonius rotor. Water flow rate (v): 0.54 m/s and water depth (a): 0.57 m. Based on the 

parameter calculation results, the results of the series underwater Savonius rotor design with a horizontal axis 

for power generation can be seen in Table 3. 
 

 

Table 3. Design results of the underwater Savonius rotor series with the horizontal axis 
No. Design Data Information 

1 Frontal cross-sectional area  0.375 m2 

2 Hydraulic Power 29.52 watts 

3 Turbine Diameter  0.5 m 
4 Generator Capacity  300 watts 

5 Rotor Material Galvanized 

6 Turbine Efficiency  75% 
7 Planned Power  22.14  watts 

 

 

2.5.2. Test line diagrams 

Figure 5 shows a diagram of the testing process carried out. The generator is coupled with two 

pulleys with a transmission ratio of 7:2. There are two measuring instruments on the shaft: digital scales to 

measure load and a tachometer to measure rotation. 
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Figure 5. Line diagram of the underwater Savonius rotor in series with the horizontal axis 
 

 

3. RESULTS AND DISCUSSION  

The Savonius rotor with a horizontal axis is a device that converts the kinetic energy of water into 

rotational motion energy on the turbine shaft. The impulse reaction produces a torsional moment on the blade 

shaft, which causes the runner to rotate and continue to rotate as long as the water is flowing. The 

constructions for the underwater Savonius rotor series with a horizontal axis are hollow iron size 3 cm x 3 

cm, pulley size 7” and 2”, belt sizes A 51 and A 52, and type permanent magnet generator. The physical form 

of the series underwater Savonius rotor with the horizontal axis that has been made is presented in Figure 6. 

Tables 4-6 shows the data obtained from the tests carried out. 
 

 

 
 

Figure 6. Construction result for series underwater Savonius rotor with horizontal axis 
 

 

Table 4. The Savonius rotor torque test 
Load (kg) Transmission Round 1 Turbine Rotation (rpm) 

1 210.7 58.5 
2 195.9 54.4 

3 179.5 49.9 
4 161.3 44.8 

5 154.7 43.0 

6 142.4 39.6 
7 133.5 37.1 

8 119.2 33.1 

9 107.8 29.9 
10 92.9 25.8 

11 81.2 22.6 

12 73.4 20.4 
13 66.8 18.6 

14 60.1 16.7 

15 53.5 14.9 
16 29.1 8.1 

17 0.0 0.0 
 

Table 5. The Savonius rotor test without load 
Generator TSpeed (Rpm) 

Speed (Rpm) V (V) 

580 22.5 44.75 

595 24.2 46 

612 25.6 47.2 

 

 

Table 6. The Savonius rotor test with load 
Load 

(watt) 

TSpeed 

(rpm) 

Generator 

Speed (rpm) V (V) I (A) 

10 33.7 437 13.86 0.5 

20 32.48 421 12.2 0.75 

30 31.17 404 11.6 0.77 
40 30.7 398 11.4 0.77 

50 30.32 393 11.3 0.77 

60 30 390 11.1 0.79 
65 30 390 11.1 0.79 

70 29.78 386 10.2 0.79 
 

 

 

Based on the test results in Tables 4-6, data processing can be carried out based on (3) to (12). The 

following section discusses the results of data analysis. Based on Figure 7, it is known that the amount of 

torque affects the number of rotations of the rotor. The maximum torque occurs at a loading of 17 kg, where 

the rotor stops rotating with a torque of 6.35 Nm. The minimum rotor efficiency of 18.84% occurs at a load 

of 1 kg with a rotor rotation of 58.5 rpm and a torque value of 0.37 Nm. At the same time, the efficiency of 

the rotor reaches a maximum point of 86.73% at a loading of 9 kg with a rotation of 29.9 rpm and a torque 

value of 3.36 Nm. After loading 9 kg, the efficiency of the rotor decreased due to the increased loading with 

constant water power. 
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Based on Figure 8, it is known that the amount of loading affects the rotational speed of the rotor. 

When loading with a light load, the turbine rotation decreases as the load increases. The maximum rotation of 

the rotor is 33.7 rpm at a load of 10 watts and reaches a minimum rotation of 29.78 rpm at a load of 70 watts. 

Based on previous research, at a load of 10 watts, the rotor rotation produces 32.59 rpm. Meanwhile, based 

on our research with the same load, the resulting rotor rotation was 33.7 rpm. This means that there is an 

increase in rounds of 3.28%. Based on Figure 9, it is known that loading affects the energy produced by the 

generator. From a load of 10 watts to 20 watts, power is significantly increased by 24.26%. Meanwhile, at a 

load of 20 watts to 65 watts, the generator power tends to be constant and decreases by 8.1%. The increasing 

load causes this with continuous water power. 

Based on Figure 10, it is known that the tip speed ratio affects the value of the torque coefficient. 

The value of the torque coefficient increases as the TSR value decreases. The TSR value decreases with 

increasing load and vice versa. The value of the torque coefficient increases with increasing load. However, 

at a load of 70 watts, the value of the torque coefficient has decreased due to the reduced power generated by 

the generator. The highest TSR value of 1.33 occurs at the lowest torque coefficient value of 0.214. Based on 

Figure 10, the system's efficiency tends to increase to the maximum point and will decrease as the TSR value 

increases. System efficiency reaches its highest point, 75.3%, at a 20-watt load, with a TSR value of 1.285. 

Then the system efficiency decreased to 66.3% at a load of 70 watts with a TSR value of 1.178. The system 

efficiency decreases because the load continues to increase with constant water power. 
 
 

  
 

Figure 7. The relationship between rotation, torque, 

and turbine efficiency 

 

Figure 8. The relationship between lamp load and 

rotor rotation 
 
 

  
 

Figure 9. The relationship between lamp load and 

generator power 

 

Figure 10. The relationship between the tip speed 

ratio with the torque and power coefficient 
 

 

4. CONCLUSION  

The series underwater Savonius rotor design results with a horizontal axis have been built and 

tested. The design results consist of several parts, namely the frame, shaft, rotor blades and deflectors, with a 

rotor blade diameter of 35 cm and a turbine length of 70 cm. Based on the research results on the Savonius 

underwater series rotor with a horizontal axis, the highest efficiency value for the rotor was obtained at 

86.73% with a torque value of 3.36 at a turbine speed of 29.9 rpm. This indicates that the tool can generate 

large torque at low rates. Based on the study's results, it was found that the no-load generator voltage 

generated by the series underwater Savonius rotor after being transmitted is 25.6 V when the turbine only 

rotates at 47.2 rpm. In contrast, when the condition is loaded, the average power that can be generated is 8.5 

watts with a moderate -average turbine speed of 31 rpm. 



                ISSN: 2252-8792 

Int J Appl Power Eng, Vol. 12, No. 4, December 2023: 399-407 

406 

REFERENCES 
[1] M. Ebrahimpour, R. Shafaghat, R. Alamian, and M. Safdari Shadloo, “Numerical Investigation of the Savonius Vertical Axis 

Wind Turbine and Evaluation of the Effect of the Overlap Parameter in Both Horizontal and Vertical Directions on Its 

Performance,” Symmetry, vol. 11, no. 6, p. 821, Jun. 2019, doi: 10.3390/sym11060821. 

[2] M. R. Djalal, H. Setiadi, and A. Imran, “Frequency stability improvement of micro hydro power system using hybrid SMES and 
CES based on Cuckoo search algorithm,” Journal of Mechatronics, Electrical Power, and Vehicular Technology, vol. 8, no. 2, pp. 

76–84, Dec. 2017, doi: 10.14203/j.mev.2017.v8.76-84. 

[3] M. H. Hasan, T. M. I. Mahlia, and H. Nur, “A review on energy scenario and sustainable energy in Indonesia,” Renewable and 
Sustainable Energy Reviews, vol. 16, no. 4, pp. 2316–2328, May 2012, doi: 10.1016/j.rser.2011.12.007. 

[4] M. R. Djalal and N. Kadir, “Optimal design of energy storage for load frequency control in micro hydro power plant using Bat 

Algorithm,” SINERGI, vol. 26, no. 1, pp. 7–14, Feb. 2022, doi: 10.22441/sinergi.2022.1.002. 
[5] M. Ali, M. R. Djalal, S. Arfaah, Muhlasin, M. Fakhrurozi, and R. Hidayat, “Application of Energy Storage-PID For Load 

Frequency Control In Micro-hydro Using Flower Pollination Algorithm,” in 2021 3rd International Conference on Research and 

Academic Community Services (ICRACOS), Oct. 2021, pp. 281–285, doi: 10.1109/ICRACOS53680.2021.9702063. 
[6] L. Wang, S.-J. Chen, S.-R. Jan, and H.-W. Li, “Design and Implementation of a Prototype Underwater Turbine Generator System 

for Renewable Microhydro Power Energy,” IEEE Transactions on Industry Applications, vol. 49, no. 6, pp. 2753–2760, Nov. 

2013, doi: 10.1109/TIA.2013.2263272. 
[7] M. Ali, M. R. Djalal, M. Fakhrurozi, Kadaryono, Budiman, and D. Ajiatmo, “Optimal Design Capacitive Energy Storage (CES) for 

Load Frequency Control in Micro Hydro Power Plant Using Flower Pollination Algorithm,” in 2018 Electrical Power, Electronics, 

Communications, Controls and Informatics Seminar (EECCIS), Oct. 2018, pp. 21–26, doi: 10.1109/EECCIS.2018.8692997. 
[8] J. Yao, F. Li, J. Chen, Z. Yuan, and W. Mai, “Parameter Analysis of Savonius Hydraulic Turbine Considering the Effect of 

Reducing Flow Velocity,” Energies, vol. 13, no. 1, p. 24, Dec. 2019, doi: 10.3390/en13010024. 

[9] A. Kumar and R. P. Saini, “Performance analysis of a Savonius hydrokinetic turbine having twisted blades,” Renewable Energy, 
vol. 108, pp. 502–522, Aug. 2017, doi: 10.1016/j.renene.2017.03.006. 

[10] M. Mosbahi, A. Ayadi, Y. Chouaibi, Z. Driss, and T. Tucciarelli, “Performance study of a Helical Savonius hydrokinetic turbine 

with a new deflector system design,” Energy Conversion and Management, vol. 194, pp. 55–74, Aug. 2019, doi: 
10.1016/j.enconman.2019.04.080. 

[11] E. Kerikous and D. Thévenin, “Optimal shape of thick blades for a hydraulic Savonius turbine,” Renewable Energy, vol. 134, pp. 

629–638, Apr. 2019, doi: 10.1016/j.renene.2018.11.037. 
[12] S.-Y. Cho, E.-S. Yoon, and B.-S. Choi, “A study on an axial-type 2-D turbine blade shape for reducing the blade profile loss,” 

KSME International Journal, vol. 16, no. 8, pp. 1154–1164, Aug. 2002, doi: 10.1007/BF02984026. 

[13] G. Gunawan, D. Suanggana, and Y. T. K. Priyanto, “Effect of Deflector Angle Into Various Blades Configuration of Single Stage 
Vertical Axis Savonius Hydro Turbine Performance,” Flywheel : Jurnal Teknik Mesin Untirta, vol. 1, no. 1, pp. 1–6, Nov. 2020, 

doi: 10.36055/fwl.v1i1.8950. 

[14] K. Golecha, T. I. Eldho, and S. V. Prabhu, “Influence of the deflector plate on the performance of modified Savonius water 
turbine,” Applied Energy, vol. 88, no. 9, pp. 3207–3217, Sep. 2011, doi: 10.1016/j.apenergy.2011.03.025. 

[15] S. Sharma and R. K. Sharma, “Performance improvement of Savonius rotor using multiple quarter blades – A CFD investigation,” 

Energy Conversion and Management, vol. 127, pp. 43–54, Nov. 2016, doi: 10.1016/j.enconman.2016.08.087. 
[16] Y. Kurniawan, D. D. D. P. Tjahjana, and B. Santoso, “Experimental Study of Savonius Wind Turbine Performance with Blade 

Layer Addition,” Journal of Advanced Research in Fluid Mechanics and Thermal Sciences, vol. 69, no. 1, pp. 23–33, Apr. 2020, 

doi: 10.37934/arfmts.69.1.2333. 
[17] S. F. Dorel, G. A. Mihai, and D. Nicusor, “Review of Specific Performance Parameters of Vertical Wind Turbine Rotors Based 

on the SAVONIUS Type,” Energies, vol. 14, no. 7, p. 1962, Apr. 2021, doi: 10.3390/en14071962. 

[18] B. A. J. Al-Quraishi, M. H. K. Aboaltabooq, and F. M. K. AL-Fatlwe, “A simulation investigation the performance of a small 
scale Elliptical Savonius wind turbine with twisting blades and sloping ends plates,” Periodicals of Engineering and Natural 

Sciences, vol. 10, no. 1, pp. 376–386, Jan. 2022, doi: 10.21533/pen.v10i1.2392. 

[19] A. Martin-Candilejo, D. Santillán, A. Iglesias, and L. Garrote, “Optimization of the Design of Water Distribution Systems for 
Variable Pumping Flow Rates,” Water, vol. 12, no. 2, p. 359, Jan. 2020, doi: 10.3390/w12020359. 

[20] M. Ahmadi-Baloutaki, R. Carriveau, and D. S.-K. Ting, “Straight-bladed vertical axis wind turbine rotor design guide based on 
aerodynamic performance and loading analysis,” Proceedings of the Institution of Mechanical Engineers, Part A: Journal of 

Power and Energy, vol. 228, no. 7, pp. 742–759, Nov. 2014, doi: 10.1177/0957650914538631. 

[21] P. Bachant, “Physical and numerical modeling of cross-flow turbines,” Ph.D. dissertation, University of New Hampshire, 
Durham, New Hampshire, United States, 2016. 

[22] Y. A. Çengel and J. M. Cimbala, Fluid Mechanics: Fundamentals and Applications. New York, NY, USA: McGraw Hill, 2010. 

[23] S. E. Lesmana, L. Kalsum, and T. Widagdo, “A Micro Hydro Pelton Turbine Prototype (Review of the effect of water debitand 
nozzle angle to rotation and pelton turbine power),” Journal of Physics: Conference Series, vol. 1167, p. 012023, Feb. 2019, doi: 

10.1088/1742-6596/1167/1/012023. 

[24] Y. Kassem, H. Çamur, A. A. Bahroun, O. A. Abughnida, and A. Alghazali, “Performance investigation of Savonius Turbine with 
New Blade Shape: Experimental and Numerical study,” International Journal of Applied Engineering Research, vol. 13, no. 10, 

pp. 8546–8560, 2018. 

[25] D. W. Wekesa, C. Wang, Y. Wei, J. N. Kamau, and L. A. M. Danao, “A numerical analysis of unsteady inflow wind for site 
specific vertical axis wind turbine: A case study for Marsabit and Garissa in Kenya,” Renewable Energy, vol. 76, pp. 648–661, 

Apr. 2015, doi: 10.1016/j.renene.2014.11.074. 

[26] P. Lecanu, B. Smorgrav, and D. Mouazé, “Theoretical Calculation of Wind (Or Water) Turbine,” hal-01982516v9, 2021, 
[Online]. Available: https://hal.science/hal-01982516v9. 

[27] A. F. Kaya and A. Acır, “Enhancing the aerodynamic performance of a Savonius wind turbine using Taguchi optimization 

method,” Energy Sources, Part A: Recovery, Utilization, and Environmental Effects, vol. 44, no. 2, pp. 5610–5626, Jun. 2022, 
doi: 10.1080/15567036.2022.2088898. 

[28] A. Al-Abadi, Ö. Ertunç, P. Epple, W. Koerbel, and A. Delgado, “Development of an experimental setup for double rotor HAWT 

investigation,” in Proceedings of the ASME Turbo Expo, Jun. 2012, vol. 6, pp. 1007–1016, doi: 10.1115/GT2012-70032. 
[29] A. A. Kadam and S. S. Patil, “A Review Study on Savonius Wind Rotors for Accessing the Power Performance,” IOSR Journal of 

Mechanical and Civil Engineering (IOSR-JMCE), pp. 18–24, 2013. 

 



Int J Appl Power Eng ISSN: 2252-8792  

 

Design and performance test of series underwater Savonius rotors with horizontal axis (Chandra Buana) 

407 

BIOGRAPHIES OF AUTHORS  
 

 

Chandra Buana     currently working Lecturer in Energy Generation Department of 

Mechanical Engineering. He has done B.E. and M.T. in Department of Mechanical Engineering 

from Hasanuddin University, Makassar, Indonesia. His main research directions include energy 

conversion and renewable energy. He can be contacted at email: chandra_buana@poliupg.ac.id. 

  

 

Jumadi Tangko     currently working Lecturer in Energy Generation Department of 

Mechanical Engineering. He has done B.E. with Honors in Department of Physics from Sepuluh 

Nopember Institute of Technology, Surabaya, Indonesia and M.Pd. and Dr. from Education 

Management in Indonesian Education University, Bandung, Indonesia. His main research 

directions include education management and renewable energy. He can be contacted at email: 

jumadi_tangko@poliupg.ac.id. 

  

 

Muhammad Ruswandi Djalal     was born in Ujung Pandang on march 11, 1990. He 

obtained his bachelor's degree from the State Polytechnic of Ujung Pandang (Makassar, 

Indonesia) in 2012, majoring in Energy Engineering. Then, he finished his master's degree from 

the Sepuluh Nopember Institute of Technology (Surabaya, Indonesia) in 2015 in the field of 

Electrical Engineering. His research is mainly in power system stability, renewable energy, and 

artificial intelligent. He is currently continuing his Doctoral program at the Sepuluh Nopember 

Institute of Technology in the Department of Electrical Engineering. He is now a lecturer in the 

Department of Mechanical Engineering State Polytechnic of Ujung Pandang. He can be contacted 

at email: wandi@poliupg.ac.id. 

  

 

Lewi     is currently working Lecturer in the Mechatronics Engineering Study Program 

Department of Mechanical Engineering, State Polytechnic of Ujung Pandang. He has done B.E. 

with Honors in the Department of Electrical Engineering from Hasanuddin University in 1989, 

Makassar, Indonesia. Master's degree from Sepuluh Nopember Institute of Technology, Surabaya, 

Indonesia, in 2001. His main research directions include control system. He can be contacted at 

email: lewi@poliupg.ac.id. 

  

 

Ardaniah     is a student of the Energy Generation Engineering study program at the 

Department of Mechanical Engineering, State Polytechnic of Ujung Pandang, Class of 2018. She 

completed his studies in 2022 with the research title Series Underwater Savonius Rotors with 

Horizontal Axis. She can be contacted at email: ardaniahenergy@gmail.com. 

  

 

Nurrafii Al Mukhtaram     is a student of the Energy Generation Engineering study 

program at the Department of Mechanical Engineering, State Polytechnic of Ujung Pandang, 

Class of 2018. He completed his studies in 2022 with the research title Series Underwater 

Savonius Rotors with Horizontal Axis. He can be contacted at email: 

mukhtarampnup@gmail.com. 

 

 

https://orcid.org/0009-0009-2950-0184
https://scholar.google.co.id/citations?hl=en&user=8hIo8b0AAAAJ
https://orcid.org/0009-0002-1088-1588
https://scholar.google.co.id/citations?hl=en&user=du_WFjoAAAAJ
https://orcid.org/0000-0002-4313-4557
https://scholar.google.co.id/citations?user=BVOSRicAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57053480800
https://www.webofscience.com/wos/author/record/3185884
https://orcid.org/0009-0006-1769-8646
https://scholar.google.co.id/citations?hl=id&user=I17MFhYAAAAJ&view_op=list_works&sortby=pubdate
https://www.scopus.com/authid/detail.uri?authorId=57211664564
https://orcid.org/0009-0000-9333-2917
https://orcid.org/0009-0002-5909-2336

