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International Journal of Mechanical Engineering and Technology (IJMET) is an international 

journal dedicated to the latest advancements in mechanical engineering. The goal of this journal is 

to provide a platform for scientists and academicians all over the world to promote, share, and 

discuss various new issues and developments in different areas of mechanical engineering. 

 

      IJMET is an online and print journal, which publishes research articles, reviews, and letters in 

all areas of mechanical engineering. It is peer-reviewed journal, aims to provide the most complete 

and reliable source of information on current developments in the field. The emphasis will be on 

publishing quality papers rapidly and available to researchers worldwide. 

 

JOURNAL DESCRIPTION 

International Journal of Mechanical Engineering and Technology, a peer-reviewed open access 

journal published in English-language, provides a international forum for the publication and 

dissemination of theoretical and practice oriented papers, dealing with problems of modern 

technology. 

RESEARCH ARTICLES 

A research article is a regular article which aims to present new findings. 

 

LETTERS TO THE EDITOR 

A letter to the editor is a short article which aims to present new findings that require fast 

publication procedures. 

 

REVIEW ARTICLES 

A review article is an article which aims to present comprehensively already existing findings. 

 

SUBJECT AREA 

Subject areas include, but are not limited to the following fields: 

 

• Fluid Mechanics 

• Applied Mathematics and Mechanics 

• Biomechanics 

• Heat Transfer 

• Solid Mechanics 

• Refrigeration and Air Conditioning 

• Renewable Energy Technology 

• Quality Control 

• Mechanical Maintenance 

• Tribology 
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SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is
based on the idea that 'all citations are not created

equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from It
measures the scienti�c in�uence of the average article
in a journal it expresses how central to the global

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable
and non citable documents.

Year Documents
2016 232
2017 1213
2018 1931
2019 393

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total
number of documents published in that journal. The

chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.

The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2016 0.000
Cites / Doc. (4 years) 2017 2.142
Cites / Doc. (4 years) 2018 0.736
Cites / Doc. (4 years) 2019 0.740
Cites / Doc. (3 years) 2016 0.000
Cites / Doc. (3 years) 2017 2.142
Cites / Doc. (3 years) 2018 0.736
Cites / Doc. (3 years) 2019 0.740
Cites / Doc. (2 years) 2016 0.000
Cites / Doc. (2 years) 2017 2.142

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published
documents during the three previous years.

 
Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
f

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-
citations removed) received by a journal's published

documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received

by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several
countries. The chart shows the ratio of a journal's

documents signed by researchers from more than one
country; that is including more than one country address.

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the
ratio of a journal's articles including substantial research

(research articles, conference papers and reviews) in
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EXPERIMENTAL PERFORMANCE OF A 

MODIFIED SAVONIUS TURBINE FOR SMALL 

SCALE PORTABLE WIND POWER 
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ABSTRACT 

Small scale portable wind turbine has the main criteria such as simple, easy to make, 

strong, and it can be operated at ground level at low wind speed. This modified Savonius 

rotor is chosen because it meets the criteria. This study was performed to know the 

performance of the modified Savonius wind turbine such as the tip speed ratio, power 

and the efficiency. The aspect ratio, overlap ratio, blade arch angle and the blade shape 

factor used were 1.5, 0.0, 110° and 0.5 respectively. The overall size of the turbine was 

1.2 m in diameter, 1.8 m in height. The transmission utilized used a pulley with a ratio 

of 1:5. The results indicate that the cut in speed obtained in this study is 2.5 m/s, and 

the maximum power attained is 24.5 watt at the wind speed of 6.06 m/s. Meanwhile, the 

maximum efficiency found is 11.6%. An additional data such as an occurrence of the 

prevailing wind speed observed is also provided to see the wind characteristics. 

Key word: Wind Speed Occurrence, Tip Speed Ratio, Turbine Power, Efficiency. 
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1. INTRODUCTION 

Wind turbine is a device that can be used to convert the wind energy into the mechanic or 

electrical energy. There are two types of the wind turbines: horizontal axis wind turbine 

(HAWT) and vertical axis wind turbine (VAWT). Generally, the HAWT type is more widely 

used because it has better efficiency. However, recently the VAWT is also developed because 

it has several advantages, i.e. simple blade construction, no wind directional influence, 

placement of generator on the ground, and low wind speed Dhote [1].   

Nevertheless, recently the VAWT is also developed due to some advantages; e.g. easy to 

make, easy to utilize, low tip speed ratio, no high tower, simple maintenance and cheap, Akshay 
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and Narayana [2]. The Savonius turbine is one of the turbines run with drag forces. The drag 

force is the difference force of the positive and negative forces acting on the blade. It usually 

consists of two or three blades arranged in an S shape viewed from the top, Vaishali et al. [3]. 

Some studies of the increasing the Savonius turbine performance have been conducted, [4-9].  

Wenehenubun et al. [4] studied the effect of the blade number on the turbine performance. The 

results of their study showed that a number of blades influence the performance of wind turbine. 

Savonius model with three blades has the best performance at high tip speed ratio. The highest 

tip speed ratio obtained in [4] was 0.555 for a wind speed of 7 m/s. Previously, Akwa et a. [5] 

performed a numerical study on the effect of an overlap ratio on the wind flow characteristics. 

Deb et al. [6] tried to increase the Savonius turbine performance using CFD. Recently, Damak 

et al. [7] had also performed an experimental investigation to increase the Savonius turbine 

performance by applying a twist of 180° on the blade. Ged, et.al., [8] conducted a numerical 

study using fluent software to modify the blades to be V-blade and polynomial blade in order 

to increase the performance of the turbine. They concluded that high aerodynamic torque and 

power could be expected when the rotor was positioned at 45º & 90º with respect to incoming 

flow. Widodo, et. al.[9] made a design and performed an analysis of the Savonius turbine power 

with the output power of 5 kW. The size of their turbine was 3.5 m in diameter and 7 in height. 

The blade model was designed using SolidWorks software and analyzed using CFD. 

In this study, the modified Savonius rotor is tested on the beach so that the actual 

performance of the rotor can be obtained. The differences between this study and the previous 

studies are the size of the rotor, the material of the rotor, the tip speed ratio and the transmission. 

Therefore, from the tests, the performance of the rotor with actual conditions can be attained. 

Some important variables are also tested such as the tip speed ratio, the wind speed frequency, 

the power and the efficiency. 

MODIFIED SAVONIUS ROTOR  

Basic geometry parameters of modified Savonius rotor include aspect ratio (H/D), overlap ratio 

(m/D), blade arc angle (Ѱ) and blade shape factor (p/q) as shown in Figure 1. Figure 1 is taken 

from [10]. H is the rotor height (m), D indicates the rotor diameter (m), m is the arm distance 

or gap (m), q is the blade radius (m), ѱ denotes the angle of the blade arch, and p is the arm 

length (m). 

 

Figure 1 Basic modified Savonius rotor [10] 
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/Ar H D=                                                        (1) 

/Or m D=                                                        (2) 

/BSF p q=                                                       (3) 

Ar is the aspect ratio, and Or is the overlap ratio, and BSF is the blade shape factor. Wind 

energy conversion is aimed at converting the kinetic wind energy into the mechanic energy 

done by the turbine and further, the energy is converted into electrical power. The kinetic energy 

per second can be predicted using an equation that was also used in [9-11].  

20.5Ek mv= &                                                        (4) 

Ek is the kinetic energy per second (W) and v is the wind velocity (speed). Meanwhile, the 

energy of the wind per second also can be calculated as  

30.5P DHvρ=                                                   (5) 

As DH=                                                           (6) 

P is the power (W), ρ is the wind/air density (kg/m³), and As is the swept area (m²). 

Equation (5) is the wind power, while the output power, Po is resulted from the wind turbine 

system. It is equal to the efficiency, η multiplied by the wind power. The turbine system 

efficiency includes the rotor efficiency, ηr, transmission efficiency, ηt, and generator efficiency, 

ηg [11]. 

30.5

Po Po

P DHv
η

ρ
= =

     (8) 

The performance of the wind turbine is indicated by the tip speed ratio (Tsr) relating to the 

power coefficient or turbine system efficiency. Tsr is the ratio of the rotor end velocity to the 

wind velocity. The rotor end velocity has a nominal value that fluctuates with the wind velocity. 

Mathematically,  Tsr can be estimated by:  

60

Dn
Tsr

v

π
=

       (9) 

n is the rotation per minute (rpm). Every turbine rotor has a different power coefficient at 

the tip speed ratio. Figure 2 shows the relationship of the tip speed ratio and the power 

coefficient for several turbine rotor types. 

 

Figure 2 Relationship of Cp-Tsr for several rotor types [10, 12] 
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2. EXPERIMENTAL SETUP 

The testing was performed on the beach named "Loang Baloq", Tanjung Karang, NTB, as 

shown in Figure 4. It was done to see the synchronization of the modified Savonius rotor design 

with the natural wind characteristic. The aspect ratio, overlap ratio, blade arch angle and blade 

shape factor of the tested turbine are 1.5, 0, 110° and 0.5 respectively. The number of the turbine 

blades was two constructed from the aluminum thin plate with a thickness of 1 mm, a diameter 

of 1.2 m and the height of 1.8 m. To increase the rotation of the shaft, a V belt transmission 

with a pulley ratio of 1:5 was employed. The rotating shaft was connected to a generator model 

PMG 165-0.05 KW 300 RPM. The rotor rotation was measured using a digital laser tachometer 

DT-2234C.  

The generator used was an AC three-phase generator and the AC electric voltage output of 

the generator is converted into DC electric using a rectifier. Coming out from the rectifier the 

voltage was measured using a Wattmeter and connected to lamps as the load. The DC voltage 

and current were directly recorded and saved using a data logger. The Wattmeter has the voltage 

range measurements of 0-48 V with a resolution of 0.1 V, while the current measurements range 

from 0 to 30 A with a resolution of 0.01 A.  The wind velocity was tested and read using an 

anemometer JL-FS2 with the measurements ranging from 0.5 m/s to 50 m/s and a resolution of 

0.1 m/s. 

 

Figure 4 The modified Savonius turbine testing 

 

Figure 5 The circuit of the load testing 
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3. RESULTS AND DISCUSSION 

Figure 6 shows the wind speed distribution at the Loang Baloq beach, Tanjung Karang. The 

wind speed recorded ranges from 1.0 to 6.06 m/s with the wind average speed of 4.2 m/s, while 

the lowest wind speed indicating the rotor starting to rotate is 2.5 m/s. This wind speed is called 

cut in speed. It is obtained at the modified Savonius rotor testing in this study. This cut in speed 

was also found by several previous researchers [13-14]. They elucidated that the cut in speed 

of 2-2.5 m/s was found in their investigations. Figure 6 shows the occurrence of wind speed. 

The dominant wind speed occurrence is 4-5 m/s. It has an occurrence of 31%. 

 

 

Figure 6. Relationship of the wind speed and its occurrence obtained in the observation 

The wind speed influences the tip speed ratio. It indicates the capability of the turbine rotor 

to convert the kinetic wind energy into the mechanic energy. It also correlates with the rotation 

of the turbine rotor. The experimental Tsr obtained using the modified Savonius rotor is various 

as shown in Figure 7. Increasing the wind speed up to 6.06 m/s elevates the Tsr. This 

phenomenon was also observed by Wenehenubun [4] using a Savonius turbine rotor with two 

blades. 

Figure 9 demonstrates the relationship of the power, energy and the observation time found 

in the modified Savonius rotor tests. Increasing the wind speed elevates the force-torque of the 

blade so that the drag force also increases. Due to the increased drag force, the turbine power 

raises. The wind speed in the tests fluctuates of between 1.0 to 6.06 m/s. The fluctuation causes 

the power fluctuation with the time. The highest power obtained in the experiments is 24.5 watt 

at the wind speed of 6.06 m/s, while the lowest power attained is 1.5 watt at the wind speed of 

2.5 m/s. The lowest power is generated because the turbine is just about starting to rotate. 

Consequently, the generator power output is low. Increasing the wind speed and the observation 

time boosts the output energy because the energy is equal to the power multiplied by the time. 

Figure 10 illustrates the relationship of the Tsr and the efficiency of the examined turbine. 

Elevating the Tsr causes the increase in the efficiency. At the Tsr of about 0.46, the efficiency 

reaches the maximum value of 11.6%. Above the Tsr of 0.46, the efficiency decreases. The 

trend of the efficiency was also obtained by Schubel et al. [15]. Schubel et al. [15] also 

elucidated that the maximum efficiency of the VAWT with the cup shape blades was around 

8%, while for the Savonius blades, the maximum efficiency produced was up to 16%. 
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 Figure 7 Relationship of the wind speed and Tsr 

  

Figure 8 Relationship of the wind speed and the power 

 

Figure 9 Relationship of the power, energy, and the observation time 
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Figure 10. Tsr versus efficiency 

4. CONCLUSION 

An experimental study to examine the modified Savonius turbine with actual conditions has 

been conducted. The Savonius turbine is chosen because it has a simple construction and it can 

be operated at low wind speeds. Therefore, this turbine type is suitable to be used in the area 

where the wind speed is low such as Indonesia. The modified Savonius examined has an aspect 

ratio of 1.5, an overlap ratio of 0.0, blade arc angle of 110O, and a blade shape factor of 0.5. 

The turbine has 2 blades with the rotor diameter and height of 1.2 m and 1.8 m respectively. 

The system uses a pulley transmission with the pulley ratio 1:5 to transfer the energy from 

the blade to the generator. The cut in speed obtained in the current study is 2.5 m/s. The 

maximum power attained is 24.5 watt at the maximum wind speed of 6.06 m/s. The maximum 

efficiency achieved is 11.6%. From the experiment, it can be inferred that although the wind 

speed is low, the modified Savonius wind turbine examined still works properly and produces 

reasonable electrical power. Therefore, this modified Savonius wind turbine is recommended 

to be installed in the low wind speed areas. 
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