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ABSTRACT  

nderstanding the ways some 

factors are affecting the 

performance of renewable 

energy systems will enable the engineers 

to design and construct efficient and 

reliable renewable energy systems. This 

paper presents an educational 

experiment on the effect of wind speed 

on the performance of a two-bladed 

Savonius wind turbine. The mini wind 

turbine system incorporates a data 

logger which was constructed using NI 

DAQ (NI USB-6002), LabVIEW software, 

and a display unit for monitoring and 

recording the output voltage of the wind 

turbine over time. Furthermore, an 

Anemometer was used in measuring the 

wind speed. The recorded real-time 

voltage was exported to excel and used in 

comparing the voltages at different wind 
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Introduction: 
Wind energy is one of the 

free and clean renewable 

energy resources that is 

contributing immensely 

towards a reduction in the 

use of fossil fuel that harms 

our environment [1]. Down 

through the ages, people 

have been using wind 

energy to grind grains and 

pump water from the deep 

well [2]. The terminology 

“Windmill” is attributed to 

the earliest devices that use 

wind energy as a fuel to 

grind grain. Today, such 

devices are more 

appropriately called “Wind 

Turbine” because they can 

be used in various 
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speeds by plotting a bar chart. At the end of the experiment, the result 

shows that an increase in wind speed causes an increase in the output 

voltage of the mini Savonius wind turbine. The experiment can be used for 

educational and demonstration purposes. 

 

Keywords: Savonius wind turbine, Renewable energy systems, Wind speed 

 

pplication areas such as generating electricity and pumping water 

[3]. Nowadays, wind turbines are used to extract wind energy to 

generate electricity for home and industrial purposes. The wind 

turbine energy output variation is directly proportional to the wind 

variation magnitude [4]. Similarly, Twidell J., stated that increment in wind 

speed causes an extreme and rapid increase in the output power generated 

by the wind turbine [5]. Moreover, in similar research titled “Wind Turbine 

Experiment” a wind turbine model was constructed and a table fan with 

three (3) different wind speed levels (low, medium and high) was used as 

a source of wind, it was concluded that the wind turbine generates more 

voltage and power when the fan switch was set at a high level [6]. 

Furthermore, Youssef K, designed, constructed and tested a model of a 

Savonius wind turbine under three (3) different wind speeds (4, 6 and 

8m/s) at the end of the experiment, it was concluded that an increase in 

wind speed causes an increase in the output voltage of the wind turbine 

[7]. Moreover, in another research, it was stated that the electricity 

generation by a wind turbine is a function of wind speed because the 

amount of power generated by a wind turbine relies on the wind speed [8]. 

Additionally, in similar research, it was stated that the amount of electricity 

to be generated by the wind turbine directly relies on wind speed [9]. 

Finally, similar research was carried out by [10], in which they concluded 

that an AC voltage characteristic is equal to wind speed function because 

the amount of voltage generated by the wind turbine used in the 

experiment at the wind speeds of 3.0 and 4.0 m/s was 5.0 and 6.5V AC 

respectively. 

 

a 
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AVAILABLE POWER IN THE WIND 

Electricity generation via wind turbines depends on the interaction 

between the rotor blades and the wind. The accessible wind power P, 

running at right angles via the swept area of the wind turbine rotor A: 

The wind kinetic energy with calm velocity U flowing via the rotor of the 

wind turbine is obtained by:  KE =  ½ mU2                            (1) 

 

In which m = air mass flowing via the rotor of the turbine 

Hence after differentiation with time, the wind power flowing via the rotor 

of the turbine is: 

       P =  ½ mU²                                             (2) 

By considering the air parcel with mass ‘m’ flowing through the rotor per 

unit time, the air mass flow rate is:   ṁ =  ρAU                          (3) 

Where: ρ = the air density at sea-level = 1.225 kg/m1.225𝑘𝑔       

By substituting the mass flow rate into (2) the power available in the wind 

is obtained as: 

P =  ½ ρA𝑈3                                           (4) 

 

However, it is impossible to capture the whole energy from the stream of 

air because the air needs to pass via the rotor of the turbine as such, the 

wind turbine can only convert some portion of the wind power into 

mechanical energy. Hence: 

         P =  ½ρA𝑈3Cp (W)                       (5)                       [11] 

𝐶p = the performance coefficient. According to Betz limit, the highest 

theoretical value that the 

Cp can attain is 0.593(59.3%). Deficiency in design is not the causative 

agent of this limit. [11] 

 

CHARACTERISTICS OF WIND TURBINE POWER 

The wind turbine's power characteristics are defined by using the power 

curve, which relates to the wind turbine's mechanical energy to the wind 

velocity. The power curve serves as a performance certificate of the wind 

turbine that is assured by the manufacturer of the wind turbine. Three 
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wind speeds have characterized the normal power curve: cut-in wind 

speed, rated wind speed and cut-off or cut-out wind speed as illustrated in 

figure 1. The smallest amount of wind speed that can cause a wind turbine 

to start generating electricity is called "cut-in wind speed", this usually 

occurs between 3.5 m/s and 5 m/s depending on the design of the wind 

turbine. Furthermore, a wind turbine can generate its maximum output 

power at wind speeds of between 12 m/s and 17 m/s and this is called 

"rated wind speed”. Meanwhile, the wind speed at which the wind turbine 

cannot be able to increase its output power even if there is an increase in 

wind speed is called, “cut-out or cut-off wind speed" and this usually 

happens at around 25m/s and the wind speed above the cut-out wind 

speed can cause serious damage to the wind turbine [12]. 

 
Figure 1: Power curve of the wind turbine [13] 

 

Installing a wind turbine in any site is capital intensive; therefore, it is 

important to match the site parameters with available wind turbine 

generators [13]. This will make it possible to estimate the electrical power 

that could be obtain from the available wind turbine models. Many models 

are available for simulating the electrical power of a wind turbine 

generator. The magnitude of the power that can be produced by a practical 

wind turbine generator is simulated using [14]-[16]. 

𝑃𝑒   =  {

𝑃𝑅 ·
𝑉𝑖−𝑉𝑐𝑖

𝑉𝑟−𝑉𝑐𝑖
𝑉𝑐𝑖 < 𝑉 < 𝑉𝑟

𝑃𝑅 𝑉𝑟 ≤ 𝑉 < 𝑉𝑐𝑜

0       𝑉 ≤ 𝑉𝑐𝑖  𝑜𝑟 𝑉 ≥ 𝑉𝑐𝑜

          (6) 
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In addition, the capacity factor of different wind turbine generator can be 

obtained by using equation (7). Table 2.7 shows the technical parameters 

of the available wind turbine generators.  

𝐶𝐹 =  
𝑃𝑒𝑎𝑣

𝑃𝑅
                   (7) 

where 𝑃𝑅= rated electrical power, 𝑉𝑐𝑖= cut-in-speed, 𝑉𝑟= rated wind speed, 

𝑉𝑐𝑜=cut-off wind speed and 𝑃𝑒𝑎𝑣= average power,  

 

Table 2.7: Turbine technical parameters 

S/No. 
Wind 

turbine 

𝑃𝑅  

(kW) 

Wind speed 

 (m/s) 
Rotor diameter (m) 

𝑣𝑐𝑖 𝑣𝑅 𝑣𝑐𝑜  

1 GE 1.5 sle 1500 3.5 14 25 77 

2 GE1.5 xle 1500 3.5 11.5 20 82.5 

3 AV 928 2500 3 11.6 25 93.2 

4 V90 3000 4 15 25 90 

5 SWT-3.6-107 3600 3 13 25 107 

 

METHODOLOGY 

A mini and portable Savonius wind turbine) was constructed and used in 

the experiment. The wind turbine system is made up of a two-bladed 

Savonius rotor which is mechanically coupled to a generator shaft. 

Secondly, a load data logger was constructed using NI DAQ, LabVIEW 

software and a display unit. Finally, the output of the wind turbine was 

connected to the input of the data logger for monitoring, recording the real-

time voltage and sending the results to the input of the display unit (a 

computer) for viewing and analysis as shown in figure 2.  

 
Figure 2: Block diagram of a wind turbine connected to the data logger and 

the display unit (A Personal Computer or PC) 
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EXPERIMENTAL SET UP 

A hairdryer was used as a wind blower, the heating section of the hairdryer 

was switched off throughout the experiment period because the heat was 

not needed for the experiment. The wind blower was placed 1cm away 

from the rotor of the wind turbine and it has two speeds level: high speed 

and low speed. A PST-TL017 PROSTER Anemometer was used in 

measuring the wind speed. At high speed, the wind blower produced the 

wind at speed of 11.2m/s. On the other hand, when the wind blower was 

set at a low speed, it produced a wind speed of 5.7m/s. Figure 2 shows a 

block diagram of the experimental setup. Meanwhile, figure 3 shows the 

picture in which the wind blower was used to spin the rotor of the wind 

turbine, the voltage generated by the wind turbine was fed into the input 

of the data logger and the output of the data logger was fed into the PC 

using USB and finally, the display unit displayed the output signal 

generated by the wind turbine. 

 
Figure 3: Wind Turbine connected to the Data Logger, the Data Logger 

connected to the Computer (Display) 
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RESULTS AND DISCUSSION 

To verify the effect of wind speed on the output voltage of the mini 

Savonius wind turbine, a rotor with 0.14m height and 0.12m diameter was 

tested indoor under two different wind speeds. Firstly, it was tested at the 

wind speed of 11.2 m/s and the result obtained is shown in figure 4. 

Moreover, the data was exported into an excel sheet. Secondly, the same 

procedure was repeated using the same rotor but at the wind speed of 5.7 

m/s and the result is shown in figure 5. Furthermore, a bar chart of voltage 

against time for the two wind speeds was plotted and compared using the 

exported data. As can be seen in figure 6, the maximum amount of voltage 

generated by the wind turbine at the wind speed of 11.2 m/s was 4.2VAC 

while the maximum amount of voltage generated by the wind turbine at 

the wind speed of 5.7 m/s was 2.4VAC. As such, the result shows that an 

increase in wind speed causes an increase in the output voltage of the wind 

turbine. 

 

 
Figure 4: Voltage generated at the wind speed of 11.2m/s 
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Figure 5: Voltage generated at the wind speed of 5.7m/s 

 

 
Figure 6: Comparison of voltages generated by the Savonius Wind Turbine 

at the wind speeds of 11.2 and 5.7 m/s respectively 

 

CONCLUSION AND RECOMMENDATION 

In this paper, the wind speed effect on the electricity generation of the 

Savonius wind turbine was experimentally investigated. The result is in 

agreement with the findings of previous researchers that says an increase 
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in wind speed results increase in the output voltage of the Savonius wind 

turbine. Therefore, an expected increase in the output voltage of the wind 

turbine as a result of an increase in the wind speed was confirmed in the 

experiment. On the other hand, this research can be modified by using a 

wind blower with more than two wind speed levels so that more data can 

be obtained and compared. 

 

REFERENCES  
[1] Leung DY, Yang Y. Wind energy development and its environmental impact: A review. 

Renewable and Sustainable Energy Reviews. 2012 Jan 1; 16(1):1031-9. 

[2] Ahmed S. Wind energy: theory and practice. PHI Learning Pvt. Ltd.; 2015 Oct 28. 

[3] Paraschivoiu I. Wind turbine design: with emphasis on Darrieus concept. Presses 

inter Polytechnique; 2002 

[4] Wagner HJ. Introduction to wind energy systems. InEPJ Web of Conferences 2013 

(Vol. 54, p. 01011). EDP Sciences. 

[5] Twidell J, editor. A guide to small wind energy conversion systems. Cambridge 

University Press; 1987 

[6] https://sites.suffolk.edu/mmatta/2012/12/12/wind-turbine-experiment/ visited 

on 20/12/2020 

[7] Youssef Kassem, Huseyin Camur. A Numerical Study of a Newly Developed Savonius 

Wind Turbine Style on Increasing the Performance of Savonius Wind Rotor. 

American Journal of Modern Energy. Vol. 3, No. 6, 2017, pp. 115-120. Doi: 

10.11648/j.ajme.20170306.11 

[8] Sarkar A, Behera DK. Wind turbine blade efficiency and power calculation with an 

electrical analogy. International Journal of Scientific and Research Publications. 

2012 Feb;2(2):1-5. 

[9] Sanchez Gomez M, Lundquist JK. The effect of wind direction shear on turbine 

performance in a wind farm in central Iowa. Wind Energy Science (Online). 2020 

Jan 1;5(NREL/JA-5000-76100). 

[10] Parti IK, Mudiana IN, Rasmini NW. Analysis of wind speed effect on voltage in wind 

power plant performance. InJournal of Physics: Conference Series 2020 Feb 1 

(Vol. 1450, No. 1, p. 012132). IOP Publishing. 

[11] Burton T, Jenkins N, Sharpe D, Bossanyi E. Wind energy handbook. John Wiley & 

Sons; 

2011 May 18. 

[12] Óskarsdóttir MÓ. A general description and comparison of horizontal axis wind 

turbines and vertical axis wind turbines (Doctoral dissertation). 

https://sites.suffolk.edu/mmatta/2012/12/12/wind-turbine-experiment/


06.30.2021  Pg.216  
   
         Vol. 16, No. 2 
 
 

BERKELEY RESEARCH & PUBLICATIONS INTERNATIONAL  
Bayero University, Kano, PMB 3011, Kano State, Nigeria. +234 (0) 802 881 6063,  
  

 
ISSN: 1334-4977 

International Journal of African Sustainable Development 

[13] Wu B, Lang Y, Zargari N, Kouro S. Power conversion and control of wind energy 

systems. John Wiley & Sons; 2011 Aug 9. 

[14] A. Abdulkarim, S. M. .. Abdelkader and D. J. Morrow, "Reliability Importance 

Measures of Components for Stand-Alone Hybrid Renewable Energy Microgrid," 

in 2nd International Congress on Energy Efficiency and Energy Related Materials 

(ENEFM2014), Springer, Cham, 2015, pp. 3-7. 

[15] A. Abdulkarim, F. Nasir, A. Olayede, L. Olawoyin, M. Akorede, I. Madugu, S. 

Abdelkader, D. Morrow and Y. Adediran, "Reliability Study of Stand-alone Hybrid 

Renewable Energy Microgrids," Iran J Sci Technol Trans Electr Eng, Springer, pp. 

1-15, 2018.  

[16] A. Abdulkarim, S. Abdelkader, D. Morrow, A. Falade and Y. Adediran, "Statistical 

analysis of wind speed for electrical power generation in some selected sites in 

northern Nigeria," Nigerian Journal of Technology, vol. 36, no. 4, pp. 1249-1257, 

2018. 

[17] A Abdulkarim, SM Abdelkader, DJ Morrow, AJ Falade, YA Adediran (2017) 

STATISTICAL ANALYSIS OF WIND SPEED FOR ELECTRICAL POWER 

GENERATION IN SOME SELECTED SITES IN NORTHERN NIGERIA, Nigerian 

Journal of Technology 36 (4), 1249-1257 

[18] C Mekontso, A Abubakar, S Madugu, O Ibrahim, YA Adediran (2019) Review of 

optimization techniques for sizing renewable energy systems, Computer 

Engineering and Applications Journal 8 (1), 13-30.  

  


