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I. INTRODUCTION 
 

Fossil fuel consumption for electric power is one of 

the most significant issues globally. Fossil fuel 

resources prove that electricity consumption grew 

faster than population growth[1][2]. Fossil fuel 

consumption grew faster from 6,630 Million tons of 

oil equivalent (Mtoe) in 1980 to 11,163 Mtoe in 2009, 

as shown in Table 1.  

 

Table 1. shows that each year, the fossil fuel 

consumption increase 1,5%, and it happens mostly in 

third world country in asia[3]. Especially in Indonesia, 

energy consumption still depends on fossil fuel like 

crude oil, coal, and natural gas. Even though fossil 

fuel resources in Indonesia are massive, the 

resources will become rare over time. In Indonesia's 

geographic condition, renewable energy has a high 

potential to develop, such as solar energy, wind 

energy, micro-hydro, and biomass[4].  

 

 

 

 

 

 

 

 

 

 

 

 

 

            Table 1. Global Energy Consumption[3]. 

 
 

Wind energy is a renewable energy because it 

doesn't produce air pollution, the greenhouse effect, 

and environmental friendly[5]. For Indonesia itself, 

the utilization of wind turbines in 2018 is minimal, 

amounting to 0,22% from total Indonesia's energy 

consumption[6]. It happens because of Indonesia's 

wind speed, ranging between 2m/s to 6m/s[7], 

categorized as low wind speed from the Beaufort 

scale[8]. The research takes place in Bandung, with a 

wind speed average of 3m/s[7]. With the value of 

Abstract- This paper aims to analyze the performance of Savonius wind turbine through theoretical 

calculation, simulation, and measurement on the products of Savonius wind turbine. The parameters to 

test the performance of Savionus wind turbine including angular speed, torque, and the power. On this 

research there are 3 design of Savonius wind turbine to be tested such as unleveled Savonius wind 

turbine, leveled Savonius wind turbine with fixed rotational axis, and leveled Savonius wind turbine 

with independent rotational axis. The measurement of the reviewed Savonius wind turbine performed 

on wind speed with the range of 3m/s to 4.2m/s. Based on theoretical calculation, simulation, and the 

measurments leveled Savonius wind turbine with fixed rotational axis has the highest performance. On 

theoretical calculation, leveled Savonius wind turbine has the highest performance with the value of 

angular speed average 273.06rpm, torque average 0,423Nm, and power average 12.53Watt. On 

simulation, leveled Savonius wind turbine with fixed rotational axis has the value of angular speed 

average 269,11rpm, torque average 0,427Nm, and power average 12,37Watt. On the real measurments, 

leveled Savonius wind turbine with fixed rotational axis has the value of angular speed average 

273,06rpm, torque average 0,434Nm, and power average 12,72 Watt. 
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wind speed at 3m/s, it can't fulfill the wind speed 

needs for a propeller wind turbine or horizontal wind 

turbine starting to rotate that is 8m/s[9]. The 

research at Blitar, East Java, has the value of wind 

speed between 2m/s to 5m/s. Based on the wind 

speed conditions, this research will use the Savionus 

wind turbine with a vertical axis rotation rotor 

because the Savionus wind turbine can rotate at low 

wind speed and has higher performance than 

another wind turbine[11]. In order to observe the 

Savionus wind turbine performance at low wind 

speed, the research is needed to test the 

performance of those wind turbines.  

  

This paper discussed performance sturdy based on 

angular speed, torque, and power that the Savonius 

wind turbine produces. There are 3 reviewed 

Savonius wind turbines design such as single-level 

Savonius wind turbine, multilevel Savonius wind 

turbine with the fixed rotational axis, and multilevel 

Savonius wind turbine with an independent 

rotational axis.  

 

 
Figure 1. Single-level Savonius Wind Turbine. 

 

 

Figure 2. Multilevel Savonius Wind Turbine with Fixed 

Rotational Axis. 

 

 
Figure 3. The Multilevel Savonius Wind Turbine with 

Independent Rotational Axis Design. 

  

The reference [11] discussed how Savonius wind 

turbine works and the parameter used to analyze the 

performance and the performance between two 

blade Savonius wind turbines and three-blade 

Savonius wind turbine.  

  

Paper [11] discussed the principles and parameters 

from the Savonius wind turbine to analyze the 

performance. The blades used in this research are 

two blades because the two blades have a better 

performance than three blades on low wind speed 

conditions. This paper will compare the performance 

between three design of Savonius wind turbine 

based on theoretical calculation, simulation, and 

implementation measurement 

 

II. METHODOLOGY 
 

The methodology which is used in this paper is 

shown in Figure 4.  
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Figure 4. Methodology Flowchart. 

  

The first step of this research is to identify the 

research problem. This research aims to identify the 

Savionus wind turbine performance based on the 

theoretical calculation, simulation, and 

implementation measurement with parameters such 

as angular speed, torque, and power.   

  

The next step is designing the structure of three 

Savonius wind turbines that will be researched. After 

that, calculate the angular speed, torque, and power 

from the Savonius wind turbine. After calculating the 

parameters based on theoretical, the next step is to 

simulate from the Savonius wind turbine to get 

angular speed, torque, and power. The building 

process was done before implementing angular 

speed, torque, and power from the location test. The 

final step is to compare three reviewed Savonius 

wind turbines based on angular speed, torque, and 

power parameters.   

 

1. Performance Parameters from Savionus Wind 

Turbine 

  

Finnish engineer Sigurd Savionus invent the savonius 

wind turbine in 1922[13]. The Savonius wind 

turbine's blade design is like the letter S and the 

number of the blade can be modified depends on 

the wind speed[11]. Savionus wind turbine works 

with the principles of the differences of the wind 

forces between each blade. The concave part on the 

blade caught the wind force, so the wind turbine's 

vertical shaft can rotate. Meanwhile, the air that hits 

the convex portion deflected sideways around it. 

These principles can be shown in Figure 5.[11]. 

 

  
Figure 5. The Wind Force on Savionus Wind 

Turbine[10]. 

 

Because of the differences in wind force on each part 

of the blade, it forces the rotor to rotate in line as the 

wind direction that hit the blade's concave portion.  

Savionus wind turbine has several characterizations 

that are: 

 Swept area (As) 

 Tip Speed Ratio (TSR) 

 Angular Speed 

 Torque 

 Power 

  

Swept area is the area that hits the wind; this area 

influences the energy that produces by the wind 

turbine. The larger the size, the more massive the 

energy output of the turbine. The equation of the 

Swept Area is shown in equations (1). 

 

 ( ) ----------------(1) 

 

H is the height of the blade, and D is the blade[11].  

The tip speed ratio is the ratio between the 

peripheral wind velocity that hit the blade and the 

rotor's angular speed [14]. The peripheral velocity 

(Vrotor) is defined as Figure 6.  

 

  
Figure 6. The Peripheral Velocity of The Rotor[10]. 

 

Where the Vrotor define as equations (2)[10]. 

 

Vrotor=ω*d    ------------------(2) 

 

Where: 

Vrotor  = peripheral velocity (m/s) 

   ω = angular velocity of Savionus rotor (rad/sec) 

   d = diameter of the rotor (m) 

 

The equation of TSR is shown in equations (3)[10] 

   --------------------(3) 

 

Where V is the wind speed (m/s) 

 

After the TSR results obtained on equations (2), then 

the rotational speed can be calculated using 

equation (4)[10]. 

 

   -----------------(4) 
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The torque value obtained on the Savonius wind 

turbine can be calculated using equation (5)[10]. 

 

    -------------(5) 

where: 

ρ = air density (kg/ ) 

The power that the rotor extract from the wind (Pw) 

defined by the equations (6)[10] 

 

.  (Watt)    -------------------(6) 

Where the T is the rotor torque (N. m). 

 

III. RESULT AND ANALYSIS 
 

1. Theoretical Calculation of Angular Speed, 

Torque, and Power from Savonius Wind Turbine 

  

The theoretical calculation of angular speed from the 

Savonius wind turbine was obtained using equation 

(4) on wind speed condition 3m/s to 4.2m/s that is 

suitable for the research location. The angular speed 

value obtained from the theoretical calculation 

shows by the graphic in Figure 10. 

 

  
Figure 7. Theoretical Calculation of Savonius Wind 

Turbine Angular Speed. 

  

Based on the theoretical calculation that shows by 

Figure 7, the multilevel Savonius wind turbine with a 

fixed rotational axis has the highest average value of 

angular speed with 273.05rpm. In comparison, the 

single level Savonius wind turbine has the lowest 

average amount of angular speed with 249,68rpm. 

The average value of angular speed from the 

multilevel Savonius wind turbine with an 

independent rotational axis is 269.36rpm.   The 

theoretical calculation result of Savonius wind 

turbine torque shows in Figure 8.  

 

  
Figure 8. Theoretical Calculation Result of Savonius 

Wind Turbine Torque. 

  

Torque value obtains by using equation (5), because 

all Savonius wind turbine has the same swept area 

(A) value of 0.36m^2 Then the actual value of 

Savonius wind turbine torque is the same. The swept 

area's value is identical because the surface area 

from all Savonius wind turbine that hit by wind has 

the same value of length and width. Based on the 

graphic that shows by Figure 8, the theoretical 

average torque value of the Savonius wind turbine is 

equal to 0.423Nm.  

  

The theoretical calculation of the Savonius wind 

turbine power obtained using equation (6) is shown 

in Figure 9.  

 

  
Figure 9. Theoretical Calculation Result of Savonius 

Wind Turbine Power. 

  

Based on the graphic shown in Figure 9, the 

multilevel Savonius wind turbine with an 

independent rotational axis has the highest average 

power value of 12.53Watt on windspeed condition 

3m./s to 4.2m/s. Single-level Savonius wind turbine 

has the lowest value that is 11,54Watt. In 

comparison, the multilevel Savonius wind turbine 

with an independent rotational axis has the average 

power value equal to 12,28Watt.  
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2. Simulation Result of Angular Speed, Torque, 

and Power from Savonius Wind Turbine 

  

Simulation to measure the angular speed, torque, 

and power values on each Savonius wind turbine 

using the ANSYS 18.1 software. The parameter and 

the simulation process detail used in this paper using 

the same as the reference [12].  

 The simulation process is using the wind speed 

value from 3m/s to 4.2m/s. The rotating speed value 

of the Savonius wind turbine obtained from the 

simulation is shown in Figure 10. 

 

  
Figure 10. Simulation Result of Savonius Wind 

Turbine Angular Speed. 

  

Multilevel Savonius wind turbine with a fixed 

rotational axis has the highest average angular speed 

value that is 269.11rpm. In comparison, the single-

level Savonius wind turbine has the lowest average 

angular speed value that is 245.42rpm. The multilevel 

Savonius wind turbine with an independent 

rotational axis has an average angular speed value 

equal to 267,46rpm.  

  

The simulation result of the Savonius wind turbine 

torque is shown in Figure 11.  

 

  
Figure 11. Simulation Result of Savonius Wind 

Turbine Torque. 

  

Based on the graphic that shows by Figure 11, the 

Multilevel Savonius wind turbine with a fixed 

rotational axis has the highest average torque value 

that equal to 0.427Nm. The single-level Savonius 

wind turbine has the lowest average torque value 

that is 0.418. In contrast, the multilevel Savonius 

wind turbine with an independent rotational axis has 

an average torque value equal to 0.428Nm.  

  

The simulation value of the Savonius wind turbine 

power is shown in Figure 12. 

 

  
Figure 12. Simulation Result of Savonius Wind 

Turbine Power. 

  

Based on the graphic from Figure 12, the multilevel 

Savonius wind turbine with a fixed rotational axis has 

the highest average power value that equal to 12.36 

Watt. The single-level Savonius wind turbine has the 

average value similar to 11.10Watt and multilevel 

Savonius wind turbine with an independent 

rotational axis 12.31Watt.  

 

3. Implementation Measurement of Angular 

Speed, Torque, and Power from Real 

Implementation of Savonius Wind Turbine 

  

Figure 13 shows a comparison of measurement 

results from the Savonius wind turbine angular speed 

value. 

 

  
Figure 13. Implementation Measurement of Savonius 

Wind Turbine Angular Speed. 
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The multilevel Savonius wind turbine with a fixed 

rotational axis has the highest average angular speed 

value equal to 273.06rpm. The single-level Savonius 

wind turbine has the average value equal to 

246.57rpm, and the multilevel Savonius wind turbine 

with an independent rotational axis 269.16rpm. 

 

  
Figure 14. Implementation Measurement of Savonius 

Wind Turbine Torque. 

  

Based on the graphic in Figure 14, the multilevel 

Savonius wind turbine with a fixed rotational axis has 

the highest average torque value with 0.434Nm. In 

contrast, the single-level Savonius wind turbine has 

an average torque value that equals 0.408Nm. The 

multilevel Savonius wind turbine with an 

independent rotational axis has an average torque 

value that is 0.423Nm.  

 

  

Figure 15. Implementation Measurement of Savonius 

Wind Turbine Power. 

  

Based on the graphic from Figure 15, the multilevel 

Savonius wind turbine with a fixed rotational axis has 

the highest average power value that equal to 12.72 

Watt. In comparison, the single-level Savonius wind 

turbine has an average value of 10.88Watt and the 

multilevel Savonius wind turbine with independent 

rotational axis 12.36Watt. 

 

IV. CONCLUSION 
 

The conclusions from the research can be defined as:  

  

 Based on theoretical calculation, the multilevel 

Savonius wind turbine with a fixed rotational axis 

has the highest performance with an average 

angular speed value of 273.06rpm, average torque 

value 0.423Nm, and average power value 

12.53Watt.  

 Based on simulation results, the multilevel Savonius 

wind turbine with a fixed rotational axis has the 

highest performance with an average angular speed 

value of 269.12rpm, average torque value 0.427Nm, 

and average power value 12.37Watt.  

 Based on the real implementation measurement, 

the multilevel Savonius wind turbine with a fixed 

rotational axis has the highest performance with an 

average angular speed value of 273.06rpm, average 

torque value 0.434Nm, and average power value 

12.72Watt.  

 Based on theoretical calculation, simulation, and 

measurement on real implementation with the 

parameters such as angular speed, torque, and 

power, the multilevel Savonius wind turbine with a 

fixed rotational axis has the highest performance 

compared to the single-level Savonius wind turbine 

and multilevel Savonius wind turbine with the 

independent rotational axis. 
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