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Abstract 

 

This study presents an empirical method for developing a new approach using a wind tunnel 

apparatus to improve the efficiency of power output by a small-scale wind turbine. A 

custom-designed wind tunnel attachment was constructed to record, analyze, and interpret 

both incoming and outgoing wind velocity readings. Wind power characteristics that indicate 

power output versus wind velocity were obtained by performing a number of case studies 

that included normal operation of the experimental wind turbine at variable values of wind 

velocity with and without the proposed wind tunnel. The statistical t-test and one-way 

ANOVA analyses resulted in a 60% increase in wind power output with the use of the 

custom-constructed design. 

 

Introduction 

 

The use of wind energy continues to grow significantly around the world. Along with solar, 

wind dominates the investment in new renewable capacity and is becoming a main form of 

renewable energy. For this reason, the development of wind turbines has been in great 

demand to enhance usage and efficiencies. Unfortunately, wind turbines have limited 

features in low-level efficiencies.     

 

Wind is the process whereby the movement of air flows from an area of high pressure to an 

area of low pressure. This course of movement exists because the heat of the sun is unevenly 

distributed along the surface of the Earth. When hot air rises, the cooler air travels into the 

vacuum. As long as the sun continues to shine, the wind will continue to blow. With that, 

wind power is produced. A wind turbine will capture the energy of the movement of air and 

convert that to power. The blades in the wind turbine are aerodynamically designed to spin 

when the wind is blowing [1]. 

 

An experiment was carried out in Iran by Pourrajabian et al. to examine the effects of air 

density on the performance of a small wind-turbine blade. Their research aimed to improve 

the performance of the turbine at low wind speeds by considering factors involving air 

density, altitudes, and then optimizing the structure of the blade. The wind turbine was tested 
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in four different locations in Iran with altitudes up to 3000 m. The results showed that the 

blade, which was designed to be optimized at sea level, degrades in other locations and that 

degradation is more significant for the initial performance than the power coefficient. The 

blade of the wind turbine was adjusted in two steps to develop optimization when located at 

different altitudes. Adjustments to blade geometry were made to optimize for air density at 

elevations that surges the power coefficient and starting time. Another step was to optimize 

the tip speed ratio along with the blade. Optimizing the blade aimed to make the most of the 

output power [2]. 

 

Another study by Jureczko, Pawlak, and Mezyk was optimization of wind turbine blades. In 

their research, the authors determine the optimal shape of a blade and the optimal composite 

material. The goal was to advance a computer database package that would allow 

optimization of wind turbine blades considering a number of measures the properties of the 

blade, aerodynamic loads, status of the load on the blade, and the selection of composite 

materials for the blade [3]. 

 

Previous studies encouraged this specific study to initialize the design of the wind tunnel 

attachment. The cone was designed and inserted to allow for a greater power output, shaped 

and constructed to allow the incoming air to flow from the wind turbine hub toward the tips 

of the wind turbine blades. To increase and maximize the low wind speeds going into the 

wind turbine, essentially, a custom-designed, cone-shaped wind guide attachment was 

introduced.    

 

In this custom-designed wind tunnel attachment, the wind guide apparatus shown in Figure 1 

is attached to the front of the small-scale wind turbine. It is fit in so that the enclosed space 

inside the wind tunnel will compose the wind when entering the tunnel, allowing a higher 

wind output exiting it. Power produced by a wind turbine depends on the turbine and the 

parameters of the wind. Several other factors should have been accounted for in this 

experiment, but sometimes detailed data is lacking, such as the streamline flow of the wind.     

 

To avoid some limitations, choosing the appropriate location to test the wind tunnel is 

crucial. A high, flat, and empty location is important because the properties and speeds of the 

wind must be exact to accurately measure the wind velocities coming in and out of the wind 

tunnel. In this case, turbulence, wind shear, and acceleration are considered. Being in a high 

area will allow the best chances of receiving wind speed because there are no buildings 

causing turbulence and decreasing the output of wind power from the wind turbine. Also, 

wind slows down at lower elevations [4].             

 

The purpose of this study is to experiment with a wind guide apparatus to the tunnel 

attachment to observe the differences in wind velocities going from the inlet to the outlet. 

This will help determine a way to develop an increased power output from the wind turbine 

with low wind speeds going into the turbine. This paper will propose a solution in wind 

turbines producing power at low-wind velocities.   
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Figure 1. Wind tunnel attachment (WTA) 

 

Methodology 

 

The study consisted of a set of procedures that would test and analyze a wind turbine 

attachment to assess the performance of an experimental wind turbine at different wind 

velocities. A custom constructed wind tunnel attachment was transported to a high elevation 

field for the experiment. Construction was contracted to an outside vendor with a 

specification that the inlet section (larger diameter) be 1.45 times larger than the tube 

(smaller diameter). Additionally, the inlet section was constructed with a 30º angle from the 

horizontal surface of the tube. This angled section was not tested to compare how different 

angles would behave in terms of wind flow rate. Two anemometers were placed to measure 

the wind velocities at the inlet and outlet sections of the WTA shown in Figure 2.  

 

The results of the 45 data points obtained were recorded into the SPSS Statistics 20 package. 

A t-test and analysis of variance were performed to observe the level of significance. The 

location that was chosen for the testing site was at the University of Michigan, Flint, on the 

top level of the East parking garage. The average wind velocity at the test site was 10 mph 

annually. The height of the testing point, approximately 30 feet above ground level, granted 

the team access to optimal wind conditions.  
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Experimental Analyses 

 

The controllable variable during the field test was the wind guide apparatus mounted inside 

the wind tunnel attachment. The Pearson correlation coefficient (R) in Table 1 was calculated 

to 0.963, where 1 is a perfect positive correlation. This shows a consistent wind velocity 

increase as wind exits the attachment. 

 

In this case, the wind-in (x-axis) is compared to the wind-out (y-axis) calculated with the 

number of sample data (n). Based on the results from the data collected, a strong correlation 

(0.963) exists between the velocity of the wind-in and the velocity of the wind-out when the 

wind guide apparatus is used. This reveals that the group is receiving consistent results from 

wind-out data. R
2
 is a statistical measure of how close the data are to the fitted regression 

line. It is also known as the coefficient of determination. Figure 3 shows the R
2 

value for the 

wind velocity. The authors’ first indicator of generalizability is the adjusted R
2 

value, which 

is adjusted for the number of variables included in the regression equation. The adjusted R
2 

is 

used to estimate the expected shrinkage in R
2 

that would not generalize to the population 

because the solution is over-fitted to the data set by including too many independent 

variables [5]. 

 

Table 1. Model Summary 

 

Model R R
2
 Adjusted R

2
 Std. Error of the Estimate 

1 .963 .927 .926 1.31598 

 

 

 
 

Figure. 2 Wind velocity 

 

The test data points were used to perform an independent sample t-test Table 3. Levene’s test 

showed 0.034, less than p=0.05, to indicate the consideration of unequal variances. 

Calculated t-test analysis for the difference of the wind velocity change in relation to 

R² = 0.9275
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incoming wind speed influenced by the wind guide attachment to support the study objective 

is presented in Table 2. The “wind-in” and “wind-out” categories represent the incoming and 

outgoing wind respectively. 

 

Table 2. Group statistics 

 

 
Groups N Mean Std. 

Deviation 

Std. Error 

Mean 

Wind Data 
Wind-In 45 7.8578 3.38791 0.50504 

Wind-Out 45 11.9622 4.82999 0.72001 

 

The t-test in Table 3 yields the mean of wind-in approximately 1 =7.85 mph, while the mean 

of wind-out resulted in approximately 11.9 mph. The p-value obtained from the analysis was 

p=0.034, less than the alpha level of 0.05, which indicated that there is significant difference 

between the average means of the wind velocities with the use of the custom-constructed 

WTA with the cone shaped wind guide attachment and uncontrolled wind speed. 

Table 3. Wind velocities 

 
 

Individual wind velocities can be better visualized in Figure 3. 

 

 
 

Figure 3. Individual wind velocities 

 

An ANOVA test was conducted to examine the effect of the WTA on differences in wind 

velocity changes for statistical significance.  Table 4 below shows the ANOVA test results 
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for the wind velocity output to validate t-test analysis. Table 4 shows that there is still a 

significant difference between the incoming and outgoing wind velocity means. 

 

Table 4. One-way ANOVA 

 

Wind Data Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between Groups 379.045 1 379.045 21.780 .000 

Within Groups 1531.496 88 17.403   

Total 1910.541 89    

 

The F-statistic in Table 4 is the ration of the sum of squares between the samples divided by 

the degrees of freedom between all divided by the sum of squares within divided by the 

degrees of freedom of the sum of squares within. Since the numerator is much larger than the 

denominator, leaving us with a large F-statistic, this indicates that the variation in the data is 

due mostly to the differences of the actual means and less to the actual variation within the 

means [6].      

 

     
 

Figure 4. Wind data collection 

 

Conclusion 

 

Based on the investigation that was conducted to evaluate the relationship between wind 

velocity outputs using a custom-designed WTA with wind guide attachment, a consistent 

increase in wind velocity was produced. According to the data accumulator ran through 

Microsoft Excel the mean wind velocity increase of approximately 60% was calculated based 

on the 45 wind data points collected at the University of Michigan, Flint, on the top level of 

the East parking garage. The calculated velocity increase confirms the hypothesis that 
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containing wind particles and guiding them in a uniform direction will create a less turbulent 

wind flow that will, in turn, enable a uniform flow. This flow allows the wind particles to 

repel in the same direction, inducing a greater wind velocity extracted from the WTA. This 

greater wind velocity generation will decrease the power generation starting point for power 

generating wind turbines.   

 

Acknowledgments 
 

This research was supported by the Undergraduate Research Opportunity Program at the 

University of Michigan, Flint.  

 

References 

 

[1]  Wind 101: The basics of Wind Energy. (2013). Retrieved from http://www.awea.org/ 

Resources/Content.aspx?ItemNumber=900 

[2]  Pourrajabian, A., Mirzaei, M., Ebrahimi, R., & Wood, D. (2014). Effect of Air Density 

on the Performance of a Small Wind Turbine Blade: A Case Study in Iran. Journal of 

Wind Engineering and Industrial Aerodynamics, 126, 1-10. doi: 10.1016/j.jweia. 

2014.01.001  

[3]  Jureczko, M., Pawlak, M., & Mężyk, A. (2005). Optimisation of Wind Turbine Blades. 

Journal of Materials Processing Technology, 167(2-3), 463-471. doi: 10.1016/j. 

jmatprotec.2005.06.055  

[4]  Abed, K., & El-Mallah, A. (1997). Capacity Factor of Wind Turbines. Energy, 22(5), 

487-491. doi: 10.1016/S0360-5442(96)00146-6  

[5]  Interpreting Adjusted R Square. (n.d.). Retrieved from http://www.utexas.edu/courses/ 

schwab/sw388r7/Tutorials/IllustrationofRegressionAnalysis_doc_html/061_Interpretin

g_Adjusted_R_Square.html 

[6]  Khan Academy. (2014). ANOVA 3: Hypothesis Test with F-Statistic. Retrieved from 

https://www.khanacademy.org/math/probability/statistics-inferential/anova/v/anova-3--

hypothesis-test-with-f-statistic  

[7]  Buckney, N., Pirrera, A., Green, S. D., & Weaver, P. M. (2013). Structural Efficiency 

of a Wind Turbine Blade. Thin-Walled Structures, 67, 144-154. doi: 10.1016/j.tws. 

2013.02.010 

[8]  Kumar, S. (2013, July 30). Growth of Global Solar and Wind Energy Continues to 

Outpace Other Technologies. Retrieved from http://www.worldwatch.org/growth-

global-solar-and-wind-energy-continues-outpace-other-technologies-0 

[9]  Beaucage, P., Brower, M. C., & Tensen, J. (2014). Evaluation of Four Numerical Wind 

Flow Models for Wind Resource Mapping. Wind Energy, 17(2), 197-208. doi: 

10.1002/we.1568  

[10] Lane, D. M., Scott, D., Hebi, M., Osherson, D., & Zimmer, H. (n.d.). Partitioning the 

Sums of Squares in Regression. Retrieved from http://onlinestatbook.com/Online_ 

Statistics_Education.pdf  

[11] Residual Sum of Squares—RSS. (n.d.). Retrieved from http://www.investopedia.c 

om/terms/r/residual-sum-of-squares.asp  

 

 



Proceedings of The 2014 IAJC-ISAM International Conference 
ISBN 978-1-60643-379-9 

Biographies 

 

ULAN DAKEEV received his bachelor’s degree in Industrial Engineering in Georgia, a 

master’s in Industrial Management in Iowa, and a doctorate in Technology in Iowa. He 

worked as a continuous improvement design engineer for John Deere Waterloo Works for 

3.5 years. He is currently a faculty member in the Engineering Department at the University 

of Michigan, Flint. 

 

CONNIE LAM is a senior mechanical engineering student with minors in Managerial 

Engineering and General Business. Connie has participated and presented posters at ASEE 

and other conferences in the US and Canada. 

  

JAMES TRISTEN PUNG is a senior in mechanical engineering student. James has actively 

involved in proposal development for project funding. Some of his funded projects included 

support of local K-12 gyms. 


